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Preface for Instructors

Welcome to the sixth edition of Java: An Introduction to Problem Solving &
Programming. This book is designed for a first course in programming and
computer science. It covers programming techniques, as well as the basics of
the Java programming language. It is suitable for courses as short as one quarter or as long as a full academic year. No previous programming experience is
required, nor is any mathematics, other than a little high school algebra. The
book can also be used for a course designed to teach Java to students who have
already had another programming course, in which case the first few chapters
can be assigned as outside reading.

Changes in This Edition
The following list highlights how this sixth edition differs from the fifth
edition:
■ Updates have been made for Java version 7, including strings in switch
statements and the use of type inference in generic instance creation.
■ Additional case studies including unit testing, use of the Comparable interface, processing comma-separated value files, and others.
■ Chapter 5 now begins with a simpler class to more gradually introduce how
classes are constructed.
■ Chapter 8 has been reorganized with a greater emphasis and more examples
on polymorphism and interfaces.
■ Chapter 2 describes how to create a Swing application using the JFrame
class so thereafter students have the option of implementing graphics in
applets or in an application.
■ Chapter 12 includes an overview of the Java Collections Framework and
examples using the HashMap and HashSet classes.
■ A description of System.out.printf has been added to Chapter 2.
■ A description of Math.random has been added to Chapter 6.
■ Twenty new programming projects have been added.
■ New VideoNotes added throughout the text to enhance student
understanding of programming concepts and techniques.
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Latest Java Coverage
All of the code in this book has been tested using a pre-release version of
Oracle’s Java SE Development Kit (JDK), version 7.0. Any imported classes are
standard and in the Java Class Library that is part of Java. No additional classes
or specialized libraries are needed.

Flexibility
If you are an instructor, this book adapts to the way you teach, rather than
making you adapt to the book. It does not tightly prescribe the sequence in
which your course must cover topics. You can easily change the order in which
you teach many chapters and sections. The particulars involved in rearranging
material are explained in the dependency chart that follows this preface and in
more detail in the “Prerequisites” section at the start of each chapter.

Early Graphics
Graphics supplement sections end each of the first ten chapters. This gives you
the option of covering graphics and GUI programming from the start of your
course. The graphics supplement sections emphasize applets but also cover GUIs
built using the JFrame class. Any time after Chapter 8, you can move on to the
main chapters on GUI programming (Chapters 13 through 15), which are now
on the Web. Alternatively, you can continue through Chapter 10 with a mix of
graphics and more traditional programming. Instructors who prefer to postpone
the coverage of graphics can postpone or skip the graphics supplement sections.

Coverage of Problem-Solving and Programming Techniques
This book is designed to teach students basic problem-solving and programming techniques and is not simply a book about Java syntax. It contains
numerous case studies, programming examples, and programming tips. Additionally, many sections explain important problem-solving and programming techniques, such as loop design techniques, debugging techniques, style
techniques, abstract data types, and basic object-oriented programming techniques, including UML, event-driven programming, and generic programming
using type parameters.

Early Introduction to Classes
Any course that really teaches Java must teach classes early, since everything
in Java involves classes. A Java program is a class. The data type for strings of
characters is a class. Even the behavior of the equals operator (==) depends
on whether it is comparing objects from classes or simpler data items. Classes
cannot be avoided, except by means of absurdly long and complicated “magic
formulas.” This book introduces classes fairly early. Some exposure to using
classes is given in Chapters 1 and 2. Chapter 5 covers how to define classes. All
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of the basic information about classes, including inheritance, is presented by the
end of Chapter 8 (even if you omit Chapter 7). However, some topics regarding
classes, including inheritance, can be postponed until later in the course.
Although this book introduces classes early, it does not neglect traditional
programming techniques, such as top-down design and loop design techniques. These older topics may no longer be glamorous, but they are information that all beginning students need.

Generic Programming
Students are introduced to type parameters when they cover lists in Chapter
12. The class ArrayList is presented as an example of how to use a class that
has a type parameter. Students are then shown how to define their own classes
that include a type parameter.

Language Details and Sample Code
This book teaches programming technique, rather than simply the Java language. However, neither students nor instructors would be satisfied with an
introductory programming course that did not also teach the programming
language. Until you calm students’ fears about language details, it is often impossible to focus their attention on bigger issues. For this reason, the book
gives complete explanations of Java language features and lots of sample code.
Programs are presented in their entirety, along with sample input and output.
In many cases, in addition to the complete examples in the text, extra complete
examples are available over the Internet.

Self-Test Questions
Self-test questions are spread throughout each chapter. These questions have a
wide range of difficulty levels. Some require only a one-word answer, whereas
others require the reader to write an entire, nontrivial program. Complete answers for all the self-test questions, including those requiring full programs, are
given at the end of each chapter.

Exercises and Programming Projects
Completely new exercises appear at the end of each chapter. Since only you,
and not your students, will have access to their answers, these exercises are
suitable for homework. Some could be expanded into programming projects.
However, each chapter also contains other programming projects, several of
which are new to this edition.

Support Material
The following support materials are available on the Internet at
www.pearsonhighered.com/irc:
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For instructors only:
■
■
■

Solutions to most exercises and programming projects
PowerPoint slides
Lab Manual with associated code.

Instructors should click on the registration link and follow instructions to receive a password. If you encounter any problems, please contact your local
Pearson Sales Representative. For the name and number of your sales representative, go to pearsonhighered.com/replocator.
For students:
■ Source code for programs in the book and for extra examples
■ Student lab manual
■ VideoNotes: video solutions to programming examples and exercises.
Visit www.pearsonhighered.com/savitch to access the student resources.

Online Practice and Assessment with MyProgrammingLab
MyProgrammingLab helps students fully grasp the logic, semantics, and syntax of programming. Through practice exercises and immediate, personalized
feedback, MyProgrammingLab improves the programming competence of beginning students who often struggle with the basic concepts and paradigms of
popular high-level programming languages.
A self-study and homework tool, a MyProgrammingLab course consists
of hundreds of small practice problems organized around the structure of this
textbook. For students, the system automatically detects errors in the logic and
syntax of their code submissions and offers targeted hints that enable students
to figure out what went wrong—and why. For instructors, a comprehensive
gradebook tracks correct and incorrect answers and stores the code inputted by
students for review.
MyProgrammingLab is offered to users of this book in partnership with
Turing’s Craft, the makers of the CodeLab interactive programming exercise system. For a full demonstration, to see feedback from instructors and
students, or to get started using MyProgrammingLab in your course, visit
www.myprogramminglab.com.

VideoNotes
VideoNote

VideoNotes are Pearson’s new visual tool designed for teaching students
key programming concepts and techniques. These short step-by-step videos
demonstrate how to solve problems from design through coding. VideoNotes
allow for self-placed instruction with easy navigation including the ability to
select, play, rewind, fast-forward, and stop within each VideoNote exercise.
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Margin icons in your textbook let you know when a VideoNote video is
available for a particular concept or homework problem.

Integrated Development Environment Resource Kits
Professors who adopt this text can order it for students with a kit containing
seven popular Java IDEs (the most recent JDK from Oracle, Eclipse, NetBeans,
jGRASP, DrJava, BlueJ, and TextPad). The kit also includes access to a website
containing written and video tutorials for getting started in each IDE. For
ordering information, please contact your campus Pearson Education representative or visit www.pearsonhighered.com.

Contact Us
Your comments, suggestions, questions, and corrections are always welcome.
Please e-mail them to savitch.programming.java@gmail.com.
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Preface for Students

This book is designed to teach you the Java programming language and, even
more importantly, to teach you basic programming techniques. It requires
no previous programming experience and no mathematics other than some
simple high school algebra. However, to get the full benefit of the book, you
should have Java available on your computer, so that you can practice with the
examples and techniques given. The latest version of Java is preferable, but a
version as early as 5 will do.

If You Have Programmed Before
You need no previous programming experience to use this book. It was
designed for beginners. If you happen to have had experience with some
other programming language, do not assume that Java is the same as the
programming language(s) you are accustomed to using. All languages are
different, and the differences, even if small, are large enough to give you
problems. Browse the first four chapters, reading at least the Recap portions.
By the time you reach Chapter 5, it would be best to read the entire chapter.
If you have programmed before in either C or C++, the transition to Java
can be both comfortable and troublesome. At first glance, Java may seem
almost the same as C or C++. However, Java is very different from these languages, and you need to be aware of the differences. Appendix 6 compares Java
and C++ to help you see what the differences are.

Obtaining a Copy of Java
Appendix 1 provides links to sites for downloading Java compilers and programming environments. For beginners, we recommend Oracle’s Java JDK for
your Java compiler and related software and TextPad as a simple editor environment for writing Java code. When downloading the Java JDK, be sure to
obtain the latest version available.

Support Materials for Students
■

Source code for programs in the book and for extra examples
Student lab manual

■

VideoNotes: video solutions to programming examples and exercises.

■

Visit www.pearsonhighered.com/savitch to access the student resources.
xii
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Learning Aids
Each chapter contains several features to help you learn the material:
■

■

■

■
■
■

■
■

■

The opening overview includes a brief table of contents, chapter objectives
and prerequisites, and a paragraph or two about what you will study.
Recaps concisely summarize major aspects of Java syntax and other important concepts.
FAQs, or “frequently asked questions,” answer questions that other students
have asked.
Remembers highlight important ideas you should keep in mind.
Programming Tips suggest ways to improve your programming skills.
Gotchas identify potential mistakes you could make—and should avoid—
while programming.
Asides provide short commentaries on relevant issues.
Self-Test Questions test your knowledge throughout, with answers given
at the end of each chapter. One of the best ways to practice what you are
learning is to do the self-test questions before you look at the answers.
A summary of important concepts appears at the end of each chapter.

Online Practice with MyProgrammingLab
A self-study and practice tool, a MyProgrammingLab course consists of
hundreds of small practice problems organized around the structure of this
textbook. The system automatically detects errors in the logic and syntax of
your code submissions and offers targeted hints that enable you to figure
out what went wrong—and why. Visit www.myprogramminglab.com for
more information.

VideoNotes
These short step-by-step videos demonstrate how to solve problems from design
through coding. VideoNotes allow for self-placed instruction with easy navigation
including the ability to select, play, rewind, fast-forward, and stop within each
VideoNote exercise. Margin icons in your textbook let you know when a VideoNote
video is available for a particular concept or homework problem.

This Text Is Also a Reference Book
In addition to using this book as a textbook, you can and should use it as a
reference. When you need to check a point that you have forgotten or that you
hear mentioned by somebody but have not yet learned yourself, just look in
the index. Many index entries give a page number for a “recap.” Turn to that
page. It will contain a short, highlighted entry giving all the essential points

VideoNote

xiv

PREFACE FOR STUDENTS

on that topic. You can do this to check details of the Java language as well as
details on programming techniques.
Recap sections in every chapter give you a quick summary of the main
points in that chapter. Also, a summary of important concepts appears at the
end of each chapter. You can use these features to review the chapter or to
check details of the Java language.
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Dependency Chart
This chart shows the prerequisites for the chapters in the book. If there is a line between two boxes,
the material in the higher box should be covered before the material in the lower box. Minor variations to this chart are discussed in the “Prerequisites” section at the start of each chapter. These
variations usually provide more, rather than less, flexibility that what is shown on the chart.
Chapter 1
Introduction

Chapter 2
Primitive Types, Strings

Chapter 3
Flow of Control: Branching

Chapter 4
Flow of Control: Loops

Section 7.1
Array Basics

Chapter 5 and 6
Classes and Methods

Chapter 7*
Arrays

Section 9.1
Exception Basics

Chapter 11**
Recursion

Section 10.2
Text Files

Chapter 8**
Inheritance

Chapter 13**
Basic Swing

Chapter 14
Applets
* Note that some sections of these
chapters can be covered sooner.
Those sections are given in this chart.
** These chapters contain sections
that can be covered sooner. See the
chapter’s “Prerequisites” section for
full details.

Section 10.1
Overview of Files

Chapter 9*
Exceptions

Chapter 15
More Swing

Section 10.3
Any Files

Section 10.4
Binary Files

Section 10.5
File I/O for Objects

Chapter 12**
Data Structures, Generics

Section 10.6
Files and Graphics

Features of This Text
Recaps
Summarize Java syntax and other
important concepts.

Remembers
Highlight important ideas that
students should keep in mind.

RECAP Bytes and Memory Locations
A computer’s main memory is divided into numbered units called
bytes. The number of a byte is called its address. Each byte can hold
eight binary digits, or bits, each of which is either 0 or 1. To store a
piece of data that is too largeREMEMBER
to fit into a single
byte, theVariables
computer
Syntactic
uses several adjacent bytes. These adjacent bytes are thought of as a
single, larger memory location
whose
address
is
the
address
the first
When you see something in thisofbook
like Type, Variable_1, or
of the adjacent bytes.
Variable_2 used to describe Java syntax, these words do not literally

Programming Tips
Give students helpful advice about
programming in Java.

appear in your Java code. They are syntactic variables, which are a
kind of blank that you fill in with something from the category that
they describe. For example, Type can be replaced by int, double,
char, or any other type name. Variable_1 and Variable_2 can each be
replaced by any variable name.

■ PROGRAMMING TIP

Initialize Variables

A variable that has been declared, but that has not yet been given a value by an
assignment statement (or in some other way), is said to be uninitialized. If the
variable is a variable of a class type, it literally has no value. If the variable has a
primitive type, it likely has some default value. However, your program will be
clearer if you explicitly give the variable a value, even if you are simply reassigning the
default value. (The exact details on default values have been known to change and
should not be counted on.)
One easy way to ensure that you do not have an uninitialized variable
is to initialize it within the declaration. Simply combine the declaration and an
assignment statement, as in the following examples:
int count = 0;
double taxRate = 0.075;
char grade = 'A';
int balance = 1000, newBalance;

Note that you can initialize some variables and not initialize others in a declaration.
Sometimes the compiler may complain that you have failed to initialize a
variable. In most cases, that will indeed be true. Occasionally, though, the compiler
is mistaken in giving this advice. However, the compiler will not compile your
program until you convince it that the variable in question is initialized. To make the
compiler happy, initialize the variable when you declare it, even if the variable will
be given another value before it is used for anything. In such cases, you cannot argue
with the compiler.
■

Gotchas
Identify potential mistakes in
programming that students might
make and should avoid.

FAQs
Provide students answers to frequently
asked questions within the context of
the chapter.
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GOTCHA

Hidden Errors

Just because your program compiles and runs without any errors and even
produces reasonable-looking output does not mean that your program is
correct. You should always run your program with some test data that gives
predictable output. To do this, choose some data for which you can compute
the correct results, either by using pencil and paper, by looking up the answer, or
by some other means. Even this testing does not guarantee that your program is
correct, but the more testing you do, the more confidence you can have in your
program.
■

FAQ11 FAQ stands for “frequently asked question.” Why just 0s and 1s?
Computers use 0s and 1s because it is easy to make an electrical device
that has only two stable states. However, when you are programming,
you normally need not be concerned about the encoding of data as 0s
and 1s. You can program as if the computer directly stored numbers,
letters, or strings of characters in memory.
There is nothing special about calling the states zero and one. We
could just as well use any two names, such as A and B or true and false.
The important thing is that the underlying physical device has two stable
states, such as on and off or high voltage and low voltage. Calling these
two states zero and one is simply a convention, but it’s one that is almost
universally followed.

FEATURES OF THIS TEXT

Listings
Show students complete programs
with sample output.

Case Studies
Take students from problem statement
to algorithm development to Java code.

LISTING 1.2

Drawing a Happy Face

import javax.swing.JApplet;
import java.awt.Graphics;
public class HappyFace extends JApplet
{
public void paint(Graphics canvas)
{
canvas.drawOval(100, 50, 200, 200);
canvas.fillOval(155, 100, 10, 20);
canvas.fillOval(230, 100, 10, 20);
canvas.drawArc(150, 160, 100, 50, 180, 180);
}
}
Applet Output

CASE STUDY Unit Testing
So far we’ve tested our programs by running them, typing in some input, and
visually checking the results to see if the output is what we expected. This is fine
for small programs but is generally insufficient for large programs. In a large
program there are usually so many combinations of interacting inputs that it
would take too much time to manually verify the correct result for all inputs.
Additionally, it is possible that code changes result in unintended side effects.
For example, a fix for one error might introduce a different error. One way to
attack this problem is to write unit tests. Unit testing is a methodology in which
the programmer tests the correctness of individual units of code. A unit is often a
method but it could be a class or other group of code.
The collection of unit tests becomes the test suite. Each test is generally
automated so that human input is not required. Automation is important
because it is desirable to have tests that run often and quickly. This makes it
possible to run the tests repeatedly, perhaps once a day or every time code is
changed, to make sure that everything is still working. The process of running
tests repeatedly is called regression testing.
Let’s start with a simple test case for the Species class in Listing 5.19. Our
first test might be to verify that the name, initial population, and growth rate
is correctly set in the setSpecies method. We can accomplish this by creating

VideoNotes
Step-by-step video solutions to
programming examples and homework
exercises.

xix

VideoNote
Writing arithmetic
expressions and statements
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Programming Examples
Provide more examples of Java
programs that solve specific problems.

PROGRAMMING EXAMPLE

Nested Loops

The body of a loop can contain any sort of statements. In particular, you
can have a loop statement within the body of a larger loop statement. For
example, the program in Listing 4.4 uses a while loop to compute the
average of a list of nonnegative scores. The program asks the user to enter all
the scores followed by a negative sentinel value to mark the end of the data.
This while loop is placed inside a do-while loop so that the user can repeat
the entire process for another exam, and another, until the user wishes to
end the program.

Self-Test Questions
Provide students with the opportunity
to practice skills learned in the chapter.
Answers at the end of each chapter
give immediate feedback.

S E L F - T EST Q U EST I O N S
28. Given the class Species as defined in Listing 5.19, why does the
following program cause an error message?
public class SpeciesEqualsDemo
{
public static void main(String[] args)
{
Species s1, s2; s1.
setSpecies("Klingon ox", 10, 15);
s2.setSpecies("Klingon ox", 10, 15);
if (s1 == s2)
System.out.println("Match with ==.");
else
System.out.println("Do Notmatchwith ==.")
}
}

29. After correcting the program in the previous question, what output does
the program produce?
30. What is the biggest difference between a parameter of a primitive type
and a parameter of a class type?
31. Given the class Species, as defined in Listing 5.19, and the class

Asides
Give short commentary on relevant
topics.

ASIDE Use of the Terms Parameter and
Argument
Our use of the terms parameter and argument
is consistent with common usage. We use
parameter to describe the definition of the
data type and variable inside the header of
a method and argument to describe items
passed into a method when it is invoked.
However, people often use these terms
interchangeably. Some people use the term
parameter both for what we call a formal
parameter and for what we call an argument.
Other people use the term argument both
for what we call a formal parameter and for
what we call an argument. When you see the
term parameter or argument in other books,
you must figure out its exact meaning from
the context.
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It is by no means hopeless to expect to make a machine for really very difficult mathematical problems. But you would have to proceed step-by-step.
I think electricity would be the best thing to rely on.
$)"3-&44"/%&341&*3$&(1839–1914)

INTRODUCTION
This chapter gives you a brief overview of computer hardware and software. Much
of this introductory material applies to programming in any language, not just to
programming in Java. Our discussion of software will include a description of a
methodology for designing programs known as object-oriented programming.
Section 1.2 introduces the Java language and explains a sample Java program.
Section 1.4 is the first of a number of graphics supplements that end each
of the first ten chapters and provide an introduction to the graphics capabilities
of the Java language. These graphics supplements are interdependent, and each
one uses the Java topics presented in its chapter.

OBJECTIVES
After studying this chapter, you should be able to
t (JWFBCSJFGPWFSWJFXPGDPNQVUFSIBSEXBSFBOETPGUXBSF
t (JWFBOPWFSWJFXPGUIF+BWBQSPHSBNNJOHMBOHVBHF
t %FTDSJCF UIF CBTJD UFDIOJRVFT PG QSPHSBN EFTJHO JO HFOFSBM BOE PCKFDU
oriented programming in particular
t %FTDSJCFBQQMFUTBOETPNFHSBQIJDTCBTJDT

PREREQUISITES
This first chapter does not assume that you have had any previous programming
experience, but it does assume that you have access to a computer. To get the
full value from the chapter, and from the rest of this book, you should have
a computer that has the Java language installed, so that you can try out what
you are learning. Appendix 1 describes how to obtain and install a free copy
of the Java language for your computer.

1.1 COMPUTER BASICS
The Analytical Engine has no pretensions whatever to originate anything. It
can do whatever we know how to order it to perform. It can follow analysis;
but it has no power of anticipating any analytical relations or truths. Its province is to assist us in making available what we are already acquainted with.
—ADA AUGUSTA, COUNTESS OF LOVELACE (1815–1852)

2

1.1 Computer Basics

Computer systems consist of hardware and software. The hardware is the
physical machine. A set of instructions for the computer to carry out is called
a program. All the different kinds of programs used to give instructions to the
computer are collectively referred to as software.*OUIJTCPPL XFXJMMEJTDVTT
software, but to understand software, it helps to know a few basic things
about computer hardware.

3

Hardware and
software make
up a computer
system

Hardware and Memory
Most computers available today have the same basic components, configured
in basically the same way. They all have input devices, such as a keyboard and
a mouse. They all have output devices, such as a display screen and a printer.
They also have several other basic components, usually housed in some sort
of cabinet, where they are not so obvious. These other components store data
and perform the actual computing.
The CPU, or central processing unit, or simply the processor, is the device
inside your computer that follows a program’s instructions. Currently, one of
UIFCFUUFSLOPXOQSPDFTTPSTJTUIF*OUFM¥$PSFJQSPDFTTPS5IFQSPDFTTPSDBO
carry out only very simple instructions, such as moving numbers or other data
from one place in memory to another and performing some basic arithmetic
operations like addition and subtraction. The power of a computer comes
from its speed and the intricacies of its programs. The basic design of the
hardware is conceptually simple.
A computer’s memory holds data for the computer to process, and it
holds the result of the computer’s intermediate calculations. Memory exists
in two basic forms, known as main memory and auxiliary memory. Main
memory holds the current program and much of the data that the program is
manipulating. You most need to be aware of the nature of the main memory
when you are writing programs. The information stored in main memory
typically is volatile, that is, it disappears when you shut down your computer.
*ODPOUSBTU UIFEBUBJOauxiliary memory, or secondary memory, exists even
when the computer’s power is off. All of the various kinds of disks—including
IBSE EJTL ESJWFT  GMBTI ESJWFT  DPNQBDU EJTDT $%T  BOE EJHJUBM WJEFP EJTDT
%7%T BSFBVYJMJBSZNFNPSZ
To make this more concrete, let’s look at an example. You might have
IFBSE B EFTDSJQUJPO PG B QFSTPOBM DPNQVUFS 1$  BT IBWJOH  TBZ   HJHBCZUF
of RAM and a 200-gigabyte hard drive. RAM—short for random access
memory—is the main memory, and the hard drive is the principal—but
OPU UIF POMZGPSN PG BVYJMJBSZ NFNPSZ " CZUF JT B RVBOUJUZ PG NFNPSZ
So 1 gigabyte of RAM is approximately 1 billion bytes of memory, and a
200-gigabyte hard drive has approximately 200 billion bytes of memory.
What exactly is a byte? Read on.
The computer’s main memory consists of a long list of numbered bytes.
The number of a byte is called its address. A byte is the smallest addressable
unit of memory. A piece of data, such as a number or a keyboard character,

The CPU, or
central processing
unit, or processor,
performs the
instructions in a
program

Main memory is
volatile; auxiliary
memory is not
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Main memory
consists of
addressable
eight-bit bytes

Groups of
adjacent bytes
can serve as a
single memory
location

can be stored in one of these bytes. When the computer needs to recover the
data later, it uses the address of the byte to find the data item.
A byte, by convention, contains eight digits, each of which is either 0 or 1.
Actually, any two values will do, but the two values are typically written as 0
and 1. Each of these digits is called a binary digit or, more typically, a bit.
A byte, then, contains eight bits of memory. Both main memory and auxiliary
memory are measured in bytes.
%BUBPGWBSJPVTLJOET TVDIBTOVNCFST MFUUFST BOETUSJOHTPGDIBSBDUFST 
is encoded as a series of 0s and 1s and placed in the computer’s memory. As
it turns out, one byte is just large enough to store a single keyboard character.
This is one of the reasons that a computer’s memory is divided into these
eight-bit bytes instead of into pieces of some other size. However, storing
FJUIFSBTUSJOHPGDIBSBDUFSTPSBMBSHFOVNCFSSFRVJSFTNPSFUIBOBTJOHMFCZUF
When the computer needs to store a piece of data that cannot fit into a single
byte, it uses several adjacent bytes. These adjacent bytes are then considered
to be a single, larger memory location, and the address of the first byte is
used as the address of the entire memory location. Figure 1.1 shows how a
typical computer’s main memory might be divided into memory locations.
The addresses of these larger locations are not fixed by the hardware but
depend on the program using the memory.

FIGURE 1.1 Main Memory
Bytes

Byte addresses 3021

11110000

3022

11001100

3023

10101010

3024

11001110

3025

00110001

3026

11100001

3027

01100011

3028

10100010

3029

01111111

3030

10000001

3031

10111100

2-byte memory location at address 3021
1-byte memory location at address 3023
3-byte memory location at address 3024

2-byte memory location at address 3027

1.1 Computer Basics

Recall that main memory holds the current program and much of its data.
Auxiliary memory is used to hold data in a more or less permanent form.
Auxiliary memory is also divided into bytes, but these bytes are grouped into
much larger units known as files. A file can contain almost any sort of data,
such as a program, an essay, a list of numbers, or a picture, each in an encoded
form. For example, when you write a Java program, you will store the program
in a file that will typically reside in some kind of disk storage. When you
use the program, the contents of the program file are copied from auxiliary
memory to main memory.
You name each file and can organize groups of files into directories, or
folders. Folder and directory are two names for the same thing. Some computer
systems use one name, and some use the other.

FAQ1 Why just 0s and 1s?
Computers use 0s and 1s because it is easy to make an electrical device
that has only two stable states. However, when you are programming,
you normally need not be concerned about the encoding of data as 0s
and 1s. You can program as if the computer directly stored numbers,
letters, or strings of characters in memory.
There is nothing special about calling the states zero and one. We
could just as well use any two names, such as A and B or true and false.
The important thing is that the underlying physical device has two stable
states, such as on and off or high voltage and low voltage. Calling these
two states zero and one is simply a convention, but it’s one that is almost
universally followed.

RECAP Bytes and Memory Locations
A computer’s main memory is divided into numbered units called bytes.
The number of a byte is called its address. Each byte can hold eight
binary digits, or bits, each of which is either 0 or 1. To store a piece of
data that is too large to fit into a single byte, the computer uses several
adjacent bytes. These adjacent bytes are thought of as a single, larger
memory location whose address is the address of the first of the adjacent
bytes.

'"2TUBOETGPSiGSFRVFOUMZBTLFERVFTUJPOw

1

5

A file is a group
of bytes stored in
auxiliary memory

A directory, or
folder, contains
groups of files
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Programs
A program is a
set of computer
instructions

You probably have some idea of what a program is. You use programs all
the time. For example, text editors and word processors are programs. As we
mentioned earlier, a program is simply a set of instructions for a computer
to follow. When you give the computer a program and some data and tell
the computer to follow the instructions in the program, you are running, or
executing, the program on the data.
Figure 1.2 shows two ways to view the running of a program. To see the
first way, ignore the dashed lines and blue shading that form a box. What’s left
JTXIBUSFBMMZIBQQFOTXIFOZPVSVOBQSPHSBN*OUIJTWJFX UIFDPNQVUFS
has two kinds of input. The program is one kind of input; it contains the
instructions that the computer will follow. The other kind of input is the data
GPSUIFQSPHSBN*UJTUIFJOGPSNBUJPOUIBUUIFDPNQVUFSQSPHSBNXJMMQSPDFTT
For example, if the program is a spelling-check program, the data would
be the text that needs to be checked. As far as the computer is concerned,
both the data and the program itself are input. The output is the result—or
SFTVMUTQSPEVDFE XIFO UIF DPNQVUFS GPMMPXT UIF QSPHSBNT JOTUSVDUJPOT *G
the program checks the spelling of some text, the output might be a list of
words that are misspelled.
This first view of running a program is what really happens, but it is not
always the way we think about running a program. Another way is to think of
UIFEBUBBTUIFJOQVUUPUIFQSPHSBN*OUIJTTFDPOEWJFX UIFDPNQVUFSBOE
the program are considered to be one unit. Figure 1.2 illustrates this view by
surrounding the combined program–computer unit with a dashed box and
blue shading. When we take this view, we think of the data as input to the
program and the results as output from the program. Although the computer
is understood to be there, it is presumed just to be something that assists
UIF QSPHSBN 1FPQMF XIP XSJUF QSPHSBNTUIBU JT  programmers—find this
second view to be more useful when they design a program.
Your computer has more programs than you might think. Much of what
ZPVDPOTJEFSUPCFiUIFDPNQVUFSwJTBDUVBMMZBQSPHSBNUIBUJT TPGUXBSF

FIGURE 1.2 Running a Program

Program

Data (input for the
program)

Computer

Output

1.1 Computer Basics

rather than hardware. When you first turn on a computer, you are already
running and interacting with a program. That program is called the operating
system. The operating system is a kind of supervisory program that oversees
UIFFOUJSFPQFSBUJPOPGUIFDPNQVUFS*GZPVXBOUUPSVOBQSPHSBN ZPVUFMM
the operating system what you want to do. The operating system then retrieves
and starts the program. The program you run might be a text editor, a browser
to surf the World Wide Web, or some program that you wrote using the Java
language. You might tell the operating system to run the program by using
a mouse to click an icon, by choosing a menu item, or by typing in a simple
DPNNBOE5IVT XIBUZPVQSPCBCMZUIJOLPGBTiUIFDPNQVUFSwJTSFBMMZUIF
operating system. Some common operating systems are Microsoft Windows,
"QQMFT .BDJOUPTI .BD04 -JOVY BOE6/*9

An operating
system is a
program that
supervises a
computer’s
operation

FAQ What exactly is software?
The word software simply means programs. Thus, a software company
is a company that produces programs. The software on your computer is
just the collection of programs on your computer.

Programming Languages, Compilers,
and Interpreters
Most modern programming languages are designed to be relatively easy for
people to understand and use. Such languages are called high-level languages.
Java is a high-level language. Most other familiar programming languages,
TVDIBT7JTVBM#BTJD $ $ $0#0- 1ZUIPO BOE3VCZ BSFBMTPIJHIMFWFM
MBOHVBHFT6OGPSUVOBUFMZ DPNQVUFSIBSEXBSFEPFTOPUVOEFSTUBOEIJHIMFWFM
languages. Before a program written in a high-level language can be run, it
must be translated into a language that the computer can understand.
The language that the computer can directly understand is called machine
language. Assembly language is a symbolic form of machine language that
is easier for people to read. So assembly language is almost the same thing as
machine language, but it needs some minor additional translation before it
can run on the computer. Such languages are called low-level languages.
The translation of a program from a high-level language, like Java, to a
low-level language is performed entirely or in part by another program. For
some high-level languages, this translation is done as a separate step by a
program known as a compiler. So before you run a program written in a highlevel language, you must first run the compiler on the program. When you
do this, you are said to compile the program. After this step, you can run the
resulting machine-language program as often as you like without compiling it
again.

Java is a highlevel language

Computers
execute a lowlevel language
called machine
language

Compile once,
execute often
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Compilers
translate source
code into object
code

The terminology here can get a bit confusing, because both the input
to the compiler program and the output from the compiler program are
programs. Everything in sight is a program of some kind or other. To help
avoid confusion, we call the input program, which in our case will be a
Java program, the source program, or source code. The machine-language
program that the compiler produces is often called the object program,
or object code. The word code here just means a program or a part of a
program.

RECAP Compiler
A compiler is a program that translates a program written in a high-level
language, such as Java, into a program in a simpler language that the
computer can more or less directly understand.

Interpreters
translate and
execute portions
of code at a time

Some high-level languages are translated not by compilers but rather
by another kind of program called an interpreter. Like a compiler, an
interpreter translates program statements from a high-level language to a
low-level language. But unlike a compiler, an interpreter executes a portion
of code right after translating it, rather than translating the entire program at
PODF6TJOHBOJOUFSQSFUFSNFBOTUIBUXIFOZPVSVOBQSPHSBN USBOTMBUJPO
alternates with execution. Moreover, translation is done each time you run
the program. Recall that compilation is done once, and the resulting object
program can be run over and over again without engaging the compiler
again. This implies that a compiled program generally runs faster than an
interpreted one.

RECAP Interpreter
An interpreter is a program that alternates the translation and execution
of statements in a program written in a high-level language.

One disadvantage of the processes we just described for translating
programs written in most high-level programming languages is that you need
a different compiler or interpreter for each type of language or computer
TZTUFN *G ZPV XBOU UP SVO ZPVS TPVSDF QSPHSBN PO UISFF EJGGFSFOU UZQFT PG
computer systems, you need to use three different compilers or interpreters.
Moreover, if a manufacturer produces an entirely new type of computer
system, a team of programmers must write a new compiler or interpreter

1.1 Computer Basics

for that computer system. This is a problem, because these compilers and
interpreters are large programs that are expensive and time-consuming to
XSJUF%FTQJUFUIJTDPTU NBOZIJHIMFWFMMBOHVBHFDPNQJMFSTBOEJOUFSQSFUFST
work this way. Java, however, uses a slightly different and much more versatile
approach that combines a compiler and an interpreter. We describe Java’s
approach next.

Java Bytecode
The Java compiler does not translate your program into the machine language
GPS ZPVS QBSUJDVMBS DPNQVUFS *OTUFBE  JU USBOTMBUFT ZPVS +BWB QSPHSBN JOUP
a language called bytecode. Bytecode is not the machine language for
BOZ QBSUJDVMBS DPNQVUFS *OTUFBE  CZUFDPEF JT B NBDIJOF MBOHVBHF GPS B
hypothetical computer known as a virtual machine. A virtual machine is not
exactly like any particular computer, but is similar to all typical computers.
Translating a program written in bytecode into a machine-language program
GPSBOBDUVBMDPNQVUFSJTRVJUFFBTZ5IFQSPHSBNUIBUEPFTUIJTUSBOTMBUJPO
is a kind of interpreter called the Java Virtual Machine, or JVM. 5IF +7.
translates and runs the Java bytecode.
To run your Java program on your computer, you proceed as follows:
First, you use the compiler to translate your Java program into bytecode.
5IFOZPVVTFUIFQBSUJDVMBS+7.GPSZPVSDPNQVUFSTZTUFNUPUSBOTMBUFFBDI
bytecode instruction into machine language and to run the machine-language
instructions. The whole process is shown in Figure 1.3.
*UTPVOETBTUIPVHI+BWBCZUFDPEFKVTUBEETBOFYUSBTUFQUPUIFQSPDFTT
Why not write compilers that translate directly from Java to the machine
language for your particular computer system? That could be done, and it
is what is done for many other programming languages. Moreover, that
UFDIOJRVF XPVME QSPEVDF NBDIJOFMBOHVBHF QSPHSBNT UIBU UZQJDBMMZ SVO
faster. However, Java bytecode gives Java one important advantage, namely,
portability. After you compile your Java program into bytecode, you can run
that bytecode on any computer. When you run your program on another
computer, you do not need to recompile it. This means that you can send your
CZUFDPEFPWFSUIF*OUFSOFUUPBOPUIFSDPNQVUFSBOEIBWFJUSVOFBTJMZPOUIBU
computer regardless of the computer’s operating system. That is one of the
SFBTPOT+BWBJTHPPEGPS*OUFSOFUBQQMJDBUJPOT
1PSUBCJMJUZIBTPUIFSBEWBOUBHFTBTXFMM8IFOBNBOVGBDUVSFSQSPEVDFTB
new type of computer system, the creators of Java do not have to design a new
Java compiler. One Java compiler works on every computer. Of course, every
UZQF PG DPNQVUFS NVTU IBWF JUT PXO CZUFDPEF JOUFSQSFUFSUIF +7.UIBU
translates bytecode instructions into machine-language instructions for that
particular computer, but these interpreters are simple programs compared to a
DPNQJMFS5IVT +BWBDBOCFBEEFEUPBOFXDPNQVUFSTZTUFNWFSZRVJDLMZBOE
very economically.

A compiler
translates
Java code into
bytecode

The JVM is an
interpreter
that translates
and executes
bytecode

Java bytecode
runs on any
computer that
has a JVM
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FIGURE 1.3 Compiling and Running a Java Program
Java program

Data for
Java program

Java compiler

Bytecode
program

Bytecode interpreter (JVM)

Machine-language
instructions

Computer execution
of machine-language instructions

Output of
Java program

RECAP Bytecode
The Java compiler translates your Java program into a language called
bytecode. This bytecode is not the machine language for any particular
computer, but it is similar to the machine language of most common
computers. Bytecode is easily translated into the machine language of
a given computer. Each type of computer will have its own translator—
called an interpreter—that translates from bytecode instructions to
machine-language instructions for that computer.

1.1 Computer Basics
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Knowing about Java bytecode is important, but in the day-to-day business
of programming, you will not even be aware that it exists. You normally will
give two commands, one to compile your Java program into bytecode and
one to run your program. The run command tells the bytecode interpreter to
FYFDVUFUIFCZUFDPEF5IJTSVODPNNBOENJHIUCFDBMMFEiSVOwPSTPNFUIJOH
FMTF CVUJUJTVOMJLFMZUPCFDBMMFEiJOUFSQSFUw:PVXJMMDPNFUPUIJOLPGUIF
run command as running whatever the compiler produces, and you will not
even think about the translation of bytecode to machine language.

FAQ Why is it called bytecode?
Programs in low-level languages, such as bytecode and machine-language
code, consist of instructions, each of which can be stored in a few bytes
of memory. Typically, one byte of each instruction contains the operation
code, or opcode, which specifies the operation to be performed. The
notion of a one-byte opcode gave rise to the term bytecode.

Class Loader
"+BWBQSPHSBNJTTFMEPNXSJUUFOBTPOFQJFDFPGDPEFBMMJOPOFGJMF*OTUFBE 
it typically consists of different pieces, known as classes. We will talk about For now, think of
classes in detail later, but thinking of them as pieces of code is sufficient for a class as a piece
now. These classes are often written by different people, and each class is of code
compiled separately. Thus, each class is translated into a different piece of
bytecode. To run your program, the bytecode for these various classes must
be connected together. The connecting is done by a program known as the
class loader. This connecting is typically done automatically, so you normally
OFFEOPUCFDPODFSOFEXJUIJU*OPUIFSQSPHSBNNJOHMBOHVBHFT UIFQSPHSBN
corresponding to the Java class loader is called a linker.

S E L F-TE S T QU E S TIO N S
"OTXFSTUPUIFTFMGUFTURVFTUJPOTBQQFBSBUUIFFOEPGFBDIDIBQUFS
1. What are the two kinds of memory in a computer?
2. What is software?
3. What data would you give to a program that computes the sum of two
numbers?
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4. What data would you give to a program that computes the average of all
the quizzes you have taken in a course?
5. What is the difference between a program written in a high-level language, a
program in machine language, and a program expressed in Java bytecode?
6. Is Java a high-level language or a low-level language?
7. Is Java bytecode a high-level language or a low-level language?
8. What is a compiler?
9. What is a source program?
10. What do you call a program that translates Java bytecode into machinelanguage instructions?

1.2 A SIP OF JAVA
Java n. An island of Indonesia, 48,842 square miles in area, lying between
the Indian Ocean and the Java Sea.
java n. Informal. Brewed coffee. [From Java.]
—THE AMERICAN HERITAGE DICTIONARY OF THE ENGLISH LANGUAGE, FOURTH EDITION*

In this section, we describe some of the characteristics of the Java language
and examine a simple Java program. This introduction is simply an overview
and a presentation of some terminology. We will begin to explore the details
of Java in the next chapter.

History of the Java Language
Java is widely viewed as a programming language for Internet applications.
However, this book, and many other people, views Java as a general-purpose
programming language that can be used without any reference to the Internet.
At its birth, Java was neither of these things, but it eventually evolved into both.
The history of Java goes back to 1991, when James Gosling and his team
at Sun Microsystems began designing the first version of a new programming
language that would become Java—though it was not yet called that. This
new language was intended for programming home appliances, like toasters
and TVs. That sounds like a humble engineering task, but in fact it’s a very
challenging one. Home appliances are controlled by a wide variety of computer
processors (chips). The language that Gosling and his team were designing had
*Full and partial dictionary entries from THE AMERICAN HERITAGE DICTIONARY OF
THE ENGLISH LANGUAGE. Copyright © 2010 by Houghton Mifflin Harcourt Publishing
Company. Adapted and reproduced by permission from THE AMERICAN HERITAGE
DICTIONARY OF THE ENGLISH LANGUAGE, Fourth Edition.
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to work on all of these different processors. Moreover, a home appliance is
typically an inexpensive item, so no manufacturer would be willing to invest
large amounts of time and money into developing complicated compilers
to translate the appliance-language programs into a language the processor
could understand. To solve these challenges, the designers wrote one piece of
software that would translate an appliance-language program into a program
in an intermediate language that would be the same for all appliances and their
processors. Then a small, easy-to-write and hence inexpensive program would
translate the intermediate language into the machine language for a particular
appliance or computer. The intermediate language was called bytecode. The
plan for programming appliances using this first version of Java never caught
on with appliance manufacturers, but that was not the end of the story.
*O (PTMJOHSFBMJ[FEUIBUIJTMBOHVBHFOPXDBMMFE+BWBXPVMECF
JEFBMGPSEFWFMPQJOHB8FCCSPXTFSUIBUDPVMESVOQSPHSBNTPWFSUIF*OUFSOFU
5IF 8FC CSPXTFS XBT QSPEVDFE CZ 1BUSJDL /BVHIUPO BOE +POBUIBO 1BZOF
at Sun Microsystems. Originally called WebRunner and then HotJava, this
browser is no longer supported. But that was the start of Java’s connection
UP UIF *OUFSOFU *O UIF GBMM PG   /FUTDBQF $PNNVOJDBUJPOT $PSQPSBUJPO
decided to make the next release of its Web browser capable of running Java
QSPHSBNT 0UIFS DPNQBOJFT BTTPDJBUFE XJUI UIF *OUFSOFU GPMMPXFE TVJU BOE
have developed software that accommodates Java programs.
FAQ Why is the language named Java?
The question of how Java got its name does not have a very interesting
answer. The current custom is to name programming languages in pretty
much the same way that parents name their children. The creator of the
programming language simply chooses any name that sounds good to
her or him. The original name of the Java language was Oak. Later the
creators realized that there already was a computer language named
Oak, so they needed another name, and Java was chosen. One hears
conflicting explanations of the origin of the name Java. One traditional,
and perhaps believable, story is that the name was thought of during a
long and tedious meeting while the participants drank coffee, and the
rest, as they say, is history.

Applications and Applets
This book focuses on two kinds of Java programs: applications and applets.
An application is just a regular program. An applet sounds as though it
would be a little apple, but the name is meant to convey the idea of a little
application. Applets and applications are almost identical. The difference is
that an application is meant to be run on your computer, like any other
program, whereas an applet is meant to be sent to another location on the
*OUFSOFUBOESVOUIFSF

Applications are
regular programs
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Applets run
within a Web
browser

Once you know how to design and write one of these two kinds of
programs, either applets or applications, it is easy to learn to write the other
kind. This book is organized to allow you to place as much or as little emphasis
POBQQMFUTBTZPVXJTI*ONPTUDIBQUFSTUIFFNQIBTJTJTPOBQQMJDBUJPOT CVU
the graphics supplements at the ends of the first ten chapters give material
on applets. Applets are also covered in detail in Chapter 14, which is on the
book’s Web site. You may choose to learn about applets along the way, by
doing the graphics supplements, or you may wait and cover them in Chapter 14.
*G ZPV XBOU KVTU B CSJFG TBNQMF PG BQQMFUT  ZPV DBO SFBE POMZ UIF HSBQIJDT
supplement for this first chapter.

A First Java Application Program

A user runs and
interacts with a
program

Our first Java program is shown in Listing 1.1. Below the program, we show
a sample of the screen output that might be produced when a person runs
and interacts with the program. The person who interacts with a program is
called the user.5IFUFYUUZQFEJOCZUIFVTFSJTTIPXOJODPMPS*GZPVSVOUIJT
program—and you should do so—both the text displayed by the program and
the text you type will appear in the same color on your computer screen.
The user might or might not be the programmer, that is, the person who
wrote the program. As a student, you often are both the programmer and
the user, but in a real-world setting, the programmer and user are generally
different people. This book is teaching you to be the programmer. One of
the first things you need to learn is that you cannot expect the users of your
program to know what you want them to do. For that reason, your program
must give the user understandable instructions, as we have done in the sample
program.
At this point, we just want to give you a feel for the Java language by
providing a brief, informal description of the sample program shown in
Listing 1.1. Do not worry if some of the details of the program are not completely
clear on this first reading5IJTJTKVTUBQSFWJFXPGUIJOHTUPDPNF*O$IBQUFS 
we will explain the details of the Java features used in the program.
The first line
import java.util.Scanner;

A package is a
library of classes

tells the compiler that this program uses the class Scanner. Recall that for now,
we can think of a class as a piece of software that we can use in a program. This
class is defined in the package java.util XIJDIJTTIPSUGPSi+BWBVUJMJUZw"
package is a library of classes that have already been defined for you.
The remaining lines define the class FirstProgram, extending from the
GJSTUPQFOCSBDF \ UPUIFMBTUDMPTFCSBDF ^ 
public class FirstProgram
{
. . .
}

1.2 A Sip of Java
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LISTING 1.1 A Sample Java Program
Gets the Scanner class from the
package (library) java.util

import java.util.Scanner;

Name of the class—your choice

public class FirstProgram
{
public static void main(String[] args)
{
Sends output to screen
System.out.println("Hello out there.");
System.out.println("I will add two numbers for you.");
System.out.println("Enter two whole numbers on a line:");
int n1, n2;

Says that n1 and n2 are variables
that hold integers (whole numbers)

Readies the program
Scanner keyboard = new Scanner(System.in); for keyboard input
n1 = keyboard.nextInt();
n2 = keyboard.nextInt();

Reads one whole number
from the keyboard

System.out.print1n("The sum of those two numbers is");
System.out.print1n(n1 + n2);
}
}

Sample Screen Output
Hello out there.
I will add two numbers for you.
Enter two whole numbers on a line:
12 30
The sum of those two numbers is
42

Within these braces are typically one or more parts called methods. Every
Java application has a method called main, and often other methods. The definition of the method main extends from another open brace to another close
brace:
public static void main(String[] args)
{
. . .
}

A class contains
methods

Every application
has a main
method
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The words public static void will have to remain a mystery for now, but they
BSFSFRVJSFE$IBQUFSTBOEXJMMFYQMBJOUIFTFEFUBJMT
Any statements, or instructions, within a method define a task and make
up the body of the method. The first three statements in our main method’s
body are the first actions this program performs:
System.out.println("Hello out there.");
System.out.println("I will add two numbers for you.");
System.out.println("Enter two whole numbers on a line:");

Each of these statements begins with System.out.println and causes the
RVPUFEDIBSBDUFSTHJWFOXJUIJOUIFQBSFOUIFTFTUPCFEJTQMBZFEPOUIFTDSFFO
on their own line. For example,
System.out.println("Hello out there.");

causes the line
Hello out there.

Objects perform
actions when you
call its methods

Variables store
data

A data type
specifies a set of
values and their
operations

to be written to the screen.
For now, you can consider System.out.println to be a funny way of
TBZJOH i%JTQMBZ XIBU JT TIPXO JO QBSFOUIFTFTw )PXFWFS  XF DBO UFMM ZPV
a little about what is going on here and introduce some terminology. Java
programs use things called software objects or, more simply, objects to
perform actions. The actions are defined by methods. System.out is an object
used to send output to the screen; println is the method that performs this
action for the object System.out. That is, println sends what is within its
parentheses to the screen. The item or items inside the parentheses are called
arguments and provide the information the method needs to carry out its
BDUJPO *O FBDI PG UIFTF GJSTU UISFF TUBUFNFOUT  UIF BSHVNFOU GPS UIF NFUIPE
println JT B TUSJOH PG DIBSBDUFST CFUXFFO RVPUFT 5IJT BSHVNFOU JT XIBU
println writes to the screen.
An object performs an action when you invoke, or call, one of its methods.
*O B +BWB QSPHSBN  ZPV XSJUF TVDI B method call, or method invocation,
by writing the name of the object, followed by a period—called a dot in
computer jargon—followed by the method name and some parentheses that
might or might not contain arguments.
The next line of the program in Listing 1.1,
int n1, n2;

says that n1 and n2 are the names of variables. A variable is something
that can store a piece of data. The int says that the data must be an integer,
that is, a whole number; int is an example of a data type. A data type
specifies a set of possible values and the operations defined for those
values. The values of a particular data type are stored in memory in the
same format.

1.2 A Sip of Java
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The next line
Scanner keyboard = new Scanner(System.in);

enables the program to accept, or read, data that a user enters at the keyboard.
We will explain this line in detail in Chapter 2.2
Next, the line

A program gets,
or reads, data
from a user

n1 = keyboard.nextInt();

reads a number that is typed at the keyboard and then stores this number in
the variable n1. The next line is almost the same except that it reads another
number typed at the keyboard and stores this second number in the variable
n2. Thus, if the user enters the numbers 12 and 30, as shown in the sample
output, the variable n1 will contain the number 12, and the variable n2 will
contain the number 30.
Finally, the statements
System.out.println("The sum of those two numbers is");
System.out.println(n1 + n2);

display an explanatory phrase and the sum of the numbers stored in the
variables n1 and n2. Note that the second line contains the expression n1 + n2
SBUIFSUIBOBTUSJOHPGDIBSBDUFSTJORVPUFT5IJTFYQSFTTJPODPNQVUFTUIFTVN
of the numbers stored in the variables n1 and n2. When an output statement
like this contains a number or an expression whose value is a number, the
number is displayed on the screen. So in the sample output shown in Listing
1.1, these two statements produce the lines
The sum of those two numbers is
42

Notice that each invocation of println displays a separate line of output.
The only thing left to explain in this first program are the semicolons
at the end of certain lines. The semicolon acts as ending punctuation, like
a period in an English sentence. A semicolon ends an instruction to the
computer.
Of course, Java has precise rules for how you write each part of a program.
These rules form the grammar for the Java language, just as the rules for the
English language make up its grammar. However, Java’s rules are more precise.
The grammatical rules for any language, be it a programming language or a
natural language, are called the syntax of the language.

As you will see in the next chapter, you can use some other name in place of keyboard, but that need not concern us now. Anyway, keyboard is a good word to use
here.
2

Syntax is the set
of grammatical
rules for a
language
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RECAP Invoking (Calling) a Method
A Java program uses objects to perform actions that are defined by
methods. An object performs an action when you invoke, or call, one of
its methods. You indicate this in a program by writing the object name,
followed by a period—called a dot—then the method name, and finally
a pair of parentheses that can contain arguments. The arguments are
information for the method.
EXAMPLES:
System.out.println("Hello out there.");
n1 = keyboard.nextInt();

In the first example, System.out is the object, println is the method,
and "Hello out there." is the argument. When a method requires
more than one argument, you separate the arguments with commas.
A method invocation is typically followed by a semicolon.
In the second example, keyboard is the object and nextInt is the
method. This method has no arguments, but the parentheses are
required nonetheless.

FAQ Why do we need an import for input but not for output?
The program in Listing 1.1 needs the line
import java.util.Scanner;

to enable keyboard input, such as the following:
n1 = keyboard.nextInt();

Why don’t we need a similar import to enable screen output such as
System.out.println("Hello out there.");

The answer is rather dull. The package that includes definitions and code
for screen output is imported automatically into a Java program.

1.2 A Sip of Java
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S E L F-TE S T QU E S TIO N S
11. What would the following statement, when used in a Java program,
display on the screen?
System.out.println("Java is great!");

12. Write a statement or statements that can be used in a Java program to
display the following on the screen:
Java for one.
Java for all.

13. Suppose that mary is an object that has the method increaseAge. This
method takes one argument, an integer. Write an invocation of the
method increaseAge by the object mary, using the argument 5.
14. What is the meaning of the following line in the program in Listing 1.1?
n1 = keyboard.nextInt();

15. Write a complete Java program that uses System.out.println to display
the following to the screen when the program is run:
Hello World!

Your program does nothing else. Note that you do not need to fully
understand all the details of the program in order to write it. You can
simply follow the model of the program in Listing 1.1. (You do want
to understand all the details eventually, but that may take a few more
DIBQUFST

Writing, Compiling, and Running a Java Program
A Java program is divided into smaller parts called classes. Each program
can consist of any number of class definitions. Although we wrote only one
class—FirstProgram—for the program in Listing 1.1, in fact, the program
uses two other classes: System and Scanner. However, these two classes are
provided for you by Java.
You can write a Java class by using a simple text editor. For example, you
could use Notepad in a Windows environment or TextEdit on a Macintosh
system. Normally, each class definition you write is in a separate file.
Moreover, the name of that file must be the name of the class, with .java
added to the end. For example, the class FirstProgram must be in a file
named FirstProgram.java.
Before you can run a Java program, you must translate its classes into a
language that the computer can understand. As you saw earlier in this chapter,

Writing a Java
program

Each class is in a
file whose name
ends in .java
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Compiling a Java
program

Use the command
javac to compile

this translation process is called compiling. As a rule, you do not need to
compile classes like Scanner that are provided for you as part of Java. You
normally need compile only the classes that you yourself write.
5PDPNQJMFB+BWBDMBTTVTJOHUIFGSFF+BWBTZTUFNEJTUSJCVUFECZ0SBDMF¥
for Windows, Linux, or Solaris, you use the command javac followed by
the name of the file containing the class. For example, to compile a class
named MyClass that is in a file named MyClass.java, you give the following
command to the operating system:
javac MyClass.java

Thus, to compile the class in Listing 1.1, you would give the following
command:
javac FirstProgram.java

Bytecode is in a
file whose name
ends in .class

VideoNote
Compiling a Java program

When you compile a Java class, the translated version of the class—
its bytecode—is placed in a file whose name is the name of the class followed by .class. So when you compile a class named MyClass in the file
MyClass.java, the resulting bytecode is stored in a file named MyClass.
class. When you compile the file named FirstProgram.java, the resulting
bytecode is stored in a file named FirstProgram.class.
Although a Java program can involve any number of classes, you run
only the class that you think of as the program. This class will contain a main
method beginning with words identical to or very similar to
public static void main(String[] args)

Use the command
java to execute

These words will likely, but not always, be someplace near the beginning of
the file. The critical words to look for are public static void main. The
remaining portion of the line might use somewhat different wording.
You run a Java program by giving the command java, followed by the
name of the class you think of as the program. For example, to run the
program in Listing 1.1, you would give the following one-line command:
java FirstProgram

Note that you write the class name, such as FirstProgram, not the name of
the file containing the class or its bytecode. That is, you omit any .java or
.class ending. When you run a Java program, you are actually running the
Java bytecode interpreter on the compiled version of your program.
The easiest way to write, compile, and run a Java program is to use an
integrated development environment, or IDE."O*%&DPNCJOFTBUFYUFEJUPS
XJUINFOVDPNNBOETGPSDPNQJMJOHBOESVOOJOHB+BWBQSPHSBN*%&TTVDI
as BlueJ, Eclipse, and NetBeans are free and available for Windows, Mac
04  BOE PUIFS TZTUFNT "QQFOEJY  QSPWJEFT MJOLT UP UIFTF *%&T BOE PUIFS
resources for writing Java programs.
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21

FAQ I tried to run the sample program in Listing 1.1. After I
typed two numbers on a line, nothing happened. Why?
When you type a line of data at the keyboard for a program to read, you
will see the characters you type, but the Java program does not actually
read your data until you press the Enter (Return) key. Always press the
Enter key when you have finished typing a line of input data at the
keyboard.

S E L F-TE S T QU E S TIO N S
16. Suppose you define a class named YourClass in a file. What name should
the file have?
 4VQQPTFZPVDPNQJMFUIFDMBTT YourClass. What will be the name of the
file containing the resulting bytecode?

1.3 PROGRAMMING BASICS
‘The time has come,’ the Walrus said,
‘To talk of many things:
Of shoes–and ships–and sealing wax–
Of cabbages–and kings . . .’
—LEWIS CARROLL, THROUGH THE LOOKING GLASS

1SPHSBNNJOHJTBDSFBUJWFQSPDFTT8FDBOOPUUFMMZPVFYBDUMZIPXUPXSJUFB
program to do whatever task you might want it to perform. However, we can
HJWF ZPV TPNF UFDIOJRVFT UIBU FYQFSJFODFE QSPHSBNNFST IBWF GPVOE UP CF
FYUSFNFMZIFMQGVM*OUIJTTFDUJPO XFEJTDVTTTPNFCBTJDTPGUIFTFUFDIOJRVFT
They apply to programming in almost any programming language and are not
particular to Java.

Object-Oriented Programming
Java is an object-oriented programming language, abbreviated OOP. What is Software objects
001 5IFXPSMEBSPVOEVTJTNBEFVQPGPCKFDUT TVDIBTQFPQMF BVUPNPCJMFT  act and interact
buildings, trees, shoes, ships, sealing wax, cabbages, and kings. Each of these
objects has the ability to perform certain actions, and each action can affect
TPNFPGUIFPUIFSPCKFDUTJOUIFXPSME001JTBQSPHSBNNJOHNFUIPEPMPHZ
that views a program as similarly consisting of objects that can act alone or
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The values of an
object’s attributes
define its state

A class is a
blueprint for
objects

interact with one another. An object in a program—that is, a software object—
might represent a real-world object, or it might be an abstraction.
For example, consider a program that simulates a highway interchange
so that traffic flow can be analyzed. The program would have an object to
represent each automobile that enters the interchange, and perhaps other
objects to simulate each lane of the highway, the traffic lights, and so on. The
interactions among these objects can lead to a conclusion about the design of
the interchange.
Object-oriented programming comes with its own terminology. An object
has characteristics, or attributes. For example, an automobile object might
have attributes such as its name, its current speed, and its fuel level. The values
of an object’s attributes give the object a state. The actions that an object can
take are called behaviors. As we saw earlier, each behavior is defined by a
piece of Java code called a method.
Objects of the same kind are said to have the same data type and belong
to the same class. A class defines a kind of object; it is a blueprint for creating
objects. The data type of an object is the name of its class. For example, in a
highway simulation program, all the simulated automobiles might belong
to the same class—probably called Automobile—and so their data type is
Automobile.
All objects of a class have the same attributes and behaviors. Thus, in
a simulation program, all automobiles have the same behaviors, such as
moving forward and moving backward. This does not mean that all simulated
automobiles are identical. Although they have the same attributes, they can
have different states. That is, a particular attribute can have different values
among the automobiles. So we might have three automobiles having different
makes and traveling at different speeds. All this will become clearer when we
begin to write Java classes.
As you will see, this same object-oriented methodology can be applied
to any sort of computer program and is not limited to simulation programs.
Object-oriented programming is not new, but its use in applications outside
of simulation programs did not become popular until the early 1990s.

RECAP Objects, Methods, and Classes
An object is a program construction that has data—called attributes—
associated with it and that can perform certain actions known as
behaviors. A class defines a type or kind of object. It is a blueprint for
defining the objects. All objects of the same class have the same kinds
of data and the same behaviors. When the program is run, each object
can act alone or interact with other objects to accomplish the program’s
purpose. The actions performed by objects are defined by methods.

1.3 Programming Basics

FAQ What if I know some other programming language?
If Java is your first programming language, you can skip the answer
to this question. If you know some other programming language, the
discussion here may help you to understand objects in terms of things
you already know about. If that other programming language is object
oriented, such as C++, C#, Python, or Ruby, you have a good idea of
what objects, methods, and classes are. They are basically the same
in all object-oriented programming languages, although some other
languages might use another term to mean the same thing as method.
If your familiarity is with an older programming language that does not
use objects and classes, you can think of objects in terms of other, older
programming constructs. For example, if you know about variables and
functions or procedures, you can think of an object as a variable that has
multiple pieces of data and its own functions or procedures. Methods are
really the same thing as what are called functions or procedures in older
programming languages.

Object-oriented programming uses classes and objects, but it does not
use them in just any old way. There are certain design principles that must
be followed. The following are three of the main design principles of objectoriented programming:

OOP design
principles

Encapsulation
1PMZNPSQIJTN
*OIFSJUBODF
Encapsulation sounds as though it means putting things into a capsule
or, to say it another way, packaging things up. This intuition is basically
correct. The most important part of encapsulation, however, is not simply Encapsulation
that things are put into a capsule, but that only part of what is in the capsule packages and
is visible. When you produce a piece of software, you should describe it in a hides detail
way that tells other programmers how to use it, but that omits all the details
of how the software works. Note that encapsulation hides the fine detail of
XIBU JT JOTJEF UIF iDBQTVMFw 'PS UIJT SFBTPO  FODBQTVMBUJPO JT PGUFO DBMMFE
information hiding.
The principles of encapsulation apply to programming in general, not
just to object-oriented programming. But object-oriented languages enable
a programmer not only to realize these principles but also to enforce them.
Chapter 5 will develop the concept of encapsulation further.
Polymorphism DPNFT GSPN B (SFFL XPSE NFBOJOH iNBOZ GPSNTw 5IF
basic idea of polymorphism is that it allows the same program instruction to
NFBO EJGGFSFOU UIJOHT JO EJGGFSFOU DPOUFYUT 1PMZNPSQIJTN DPNNPOMZ PDDVST
in English, and its use in a programming language makes the programming
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Polymorphism
enables objects
to behave
appropriately

Inheritance
organizes related
classes

language more like a human language. For example, the English instruction
i(PQMBZZPVSGBWPSJUFTQPSUwNFBOTEJGGFSFOUUIJOHTUPEJGGFSFOUQFPQMF5PPOF
person, it means to play baseball. To another person, it means to play soccer.
1PMZNPSQIJTN BMTP PDDVST JO FWFSZEBZ UBTLT3 *NBHJOF B QFSTPO XIP
whistles for her pets to come to dinner. Her dog runs, her bird flies, and her
fish swim to the top of their tank. They all respond in their own way. The
come-to-dinner whistle doesn’t tell the animals how to come to dinner, just
UPDPNF-JLFXJTFXIFOZPVQSFTTUIFiPOwCVUUPOPOZPVSMBQUPQ ZPVSJ1PE 
PSZPVSUPPUICSVTI FBDIPGUIFNSFTQPOETBQQSPQSJBUFMZ*OBQSPHSBNNJOH
language such as Java, polymorphism means that one method name, used as
an instruction, can cause different actions, depending on the kinds of objects
that perform the action. For example, a method named showOutput might
display the data in an object. But the number of data items it displays and
their format depend on the kind of object that carries out the action. We will
explain polymorphism more fully in Chapter 8.
Inheritance is a way of organizing classes. You can define common
attributes and behaviors once and have them apply to a whole collection of
classes. By defining a general class, you can use inheritance later to define
specialized classes that add to or revise the details of the general class.
An example of such a collection of classes is shown in Figure 1.4. At
each level, the classifications become more specialized. The class Vehicle has
certain properties, like possessing wheels. The classes Automobile, Motorcycle,
and BusiJOIFSJUwUIFQSPQFSUZPGIBWJOHXIFFMT CVUBEENPSFQSPQFSUJFTPS
restrictions. For example, an Automobile object has four wheels, a Motorcycle
PCKFDUIBTUXPXIFFMT BOEB#VTPCKFDUIBTBUMFBTUGPVSXIFFMT*OIFSJUBODF
enables the programmer to avoid the repetition of programming instructions
for each class. For example, everything that is true of every object of type
Vehicle TVDIBTiIBTXIFFMT wJTEFTDSJCFEPOMZPODF BOEJUJTJOIFSJUFECZ
the classes Automobile, Motorcycle, and Bus. Without inheritance, each of
the classes Automobile, Motorcycle, Bus, SchoolBus, LuxuryBus, and so forth
XPVMEIBWFUPSFQFBUEFTDSJQUJPOTTVDIBTiIBTXIFFMTw$IBQUFSXJMMFYQMBJO
inheritance more fully.
RECAP Object-Oriented Programming
Object-oriented programming, or OOP, is a programming methodology
that defines objects whose behaviors and interactions accomplish a given
task. OOP follows the design principles of encapsulation, polymorphism,
and inheritance.

3
5IFFYBNQMFTIFSFBSFCBTFEPOUIPTFCZ$BSM"MQIPODFJOi1FEBHPHZBOE1SBDUJDFPG
%FTJHO1BUUFSOTBOE0CKFDUT'JSTU"0OF"DU1MBZwACM SIGPLAN Notices 39, 5 (May
 o
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FIGURE 1.4 An Inheritance Hierarchy
Vehicle

Automobile

FamilyCar

Motorcycle

SportsCar

Bus

SchoolBus

LuxuryBus

Algorithms
Objects have behaviors that are defined by methods. You as a programmer
need to design these methods by giving instructions for carrying out the
actions. The hardest part of designing a method is not figuring out how to
express your solution in a programming language. The hardest part is coming
up with a plan or strategy for carrying out the action. This strategy is often
expressed as something called an algorithm.
An algorithmJTBTFUPGEJSFDUJPOTGPSTPMWJOHBQSPCMFN5PRVBMJGZBTBO
algorithm, the directions must be expressed so completely and so precisely that
somebody can follow them without having to fill in any details or make any
decisions that are not fully specified in the instructions. An algorithm can be
written in English, a programming language such as Java, or in pseudocode,
which is a combination of English and a programming language.
An example may help to clarify the notion of an algorithm. Our first
sample algorithm finds the total cost of a list of items. For example, the list
of items might be a shopping list that includes the price of each item. The
algorithm would then compute the total cost of all the items on the list. The
algorithm is as follows:

An algorithm is
like a recipe

Algorithms are
often written in
pseudocode

Algorithm to compute the total cost of a list of items

1. Write the number 0 on the blackboard.
 %PUIFGPMMPXJOHGPSFBDIJUFNPOUIFMJTU
  t "EEUIFDPTUPGUIFJUFNUPUIFOVNCFSPOUIFCMBDLCPBSE
  t 3FQMBDFUIFPMEOVNCFSPOUIFCMBDLCPBSEXJUIUIFSFTVMUPGUIJTBEEJUJPO
3. Announce that the answer is the number written on the blackboard.

VideoNote
Writing an algorithm
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Most algorithms need to store some intermediate results. This algorithm
VTFTBCMBDLCPBSEUPTUPSFJOUFSNFEJBUFSFTVMUT*GUIFBMHPSJUINJTXSJUUFOJO
the Java language and run on a computer, intermediate results are stored in
the computer’s memory.

RECAP Algorithm
An algorithm is a set of directions for solving a problem. To qualify as an
algorithm, the directions must be expressed completely and precisely.

RECAP Pseudocode
Pseudocode is a mixture of English and Java. When using pseudocode,
you simply write each part of the algorithm in whatever language is
easiest for you. If a part is easier to express in English, you use English.
If another part is easier to express in Java, you use Java.

S E L F -TE S T QU ESTI ONS
18. What is a method?
19. What is the relationship between classes and objects?
 %PBMMPCKFDUTPGUIFTBNFDMBTTIBWFUIFTBNFNFUIPET
21. What is encapsulation?
22. What is information hiding?
23. What is polymorphism?
24. What is inheritance?
25. What is an algorithm?
26. What is pseudocode?
 8IBUBUUSJCVUFTXPVMEZPVXBOUGPSBOPCKFDUUIBUSFQSFTFOUTBTPOH
28. Write an algorithm that counts the number of values that are odd in a list
of integers.

1.3 Programming Basics
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Testing and Debugging
The best way to write a correct program is to carefully design the necessary
objects and the algorithms for the objects’ methods. Then you carefully
USBOTMBUF FWFSZUIJOH JOUP B QSPHSBNNJOH MBOHVBHF TVDI BT +BWB *O PUIFS
words, the best way to eliminate errors is to avoid them in the first place.
However, no matter how carefully you proceed, your program might still
contain some errors. When you finish writing a program, you should test it to
see whether it performs correctly and then fix any errors you find.
A mistake in a program is called a bug. For this reason, the process of
eliminating mistakes in your program is called debugging. There are three
commonly recognized kinds of bugs or errors: syntax errors, run-time errors,
and logic errors. Let’s consider them in that order.
A syntax error is a grammatical mistake in your program. You must follow Syntax errors
WFSZTUSJDUHSBNNBUJDBMSVMFTXIFOZPVXSJUFBQSPHSBN7JPMBUJOHPOFPGUIFTF are grammatical
SVMFTGPSFYBNQMF PNJUUJOHBSFRVJSFEQVODUVBUJPONBSLJTBTZOUBYFSSPS mistakes
The compiler will detect syntax errors and provide an error message indicating
XIBUJUUIJOLTUIFFSSPSJT*GUIFDPNQJMFSTBZTZPVIBWFBTZOUBYFSSPS ZPV
probably do. However, the compiler is only guessing at what the error is, so it
could be incorrect in its diagnosis of the problem.
RECAP Syntax
The syntax of a programming language is the set of grammatical rules for
the language—that is, the rules for the correct way to write a program or
part of a program. The compiler will detect syntax errors in your program
and provide its best guess as to what is wrong.

An error that is detected when your program is run is called a run-time
error. Such an error will produce an error message. For example, you might
accidentally try to divide a number by zero. The error message might not
be easy to understand, but at least you will know that something is wrong.
Sometimes the error message can even tell you exactly what the problem is.
*GUIFVOEFSMZJOHBMHPSJUINGPSZPVSQSPHSBNDPOUBJOTBNJTUBLF PSJGZPV
write something in Java that is syntactically correct but logically wrong, your
program could compile and run without any error message. You will have written
a valid Java program, but you will not have written the program you wanted. The
QSPHSBNXJMMSVOBOEQSPEVDFPVUQVU CVUUIFPVUQVUXJMMCFJODPSSFDU*OUIJT
case, your program contains a logic error. For example, if you were to mistakenly
use a plus sign instead of a minus sign, you would make a logic error. You could
compile and run your program with no error messages, but the program would
give the wrong output. Sometimes a logic error will lead to a run-time error that
produces an error message. But often a logic error will not give you any error
messages. For this reason, logic errors are the hardest kind of error to locate.

Run-time errors
occur during
execution

Logic errors
are conceptual
mistakes in the
program or
algorithm
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GOTCHA Coping with “Gotchas”
Don’t let a gotcha
get you

Any programming language has details that can trip you up in ways that
are surprising or hard to deal with. These sorts of problems are often called
pitfalls, but a more colorful term is gotchas. A gotcha is like a trap waiting to
DBUDIZPV8IFOZPVHFUDBVHIUJOUIFUSBQ UIFUSBQIBTiHPUZPVwPS BTJUJT
NPSFDPNNPOMZQSPOPVODFE iHPUDIBw
*OUIJTCPPL XFIBWFi(PUDIBwTFDUJPOTMJLFUIJTPOFUIBUXBSOZPVBCPVU
many of the most common pitfalls and tell you how to avoid them or cope
with them.
■

GOTCHA

VideoNote
Recognizing a hidden error

Hidden Errors

Just because your program compiles and runs without any errors and even
produces reasonable-looking output does not mean that your program is correct.
You should always run your program with some test data that gives predictable
output. To do this, choose some data for which you can compute the correct
results, either by using pencil and paper, by looking up the answer, or by some
other means. Even this testing does not guarantee that your program is correct, but
the more testing you do, the more confidence you can have in your program. ■

S E L F -TE S T QU ESTI ONS
29. What is a syntax error?
30. What is a logic error?
31. What kinds of errors are likely to produce error messages that will alert
you to the fact that your program contains an error?
32. Suppose you write a program that is supposed to compute the day of the
XFFL 4VOEBZ .POEBZ BOETPGPSUI POXIJDIBHJWFOEBUF MJLF%FDFNCFS
    XJMM GBMM /PX TVQQPTF UIBU ZPV GPSHFU UP BDDPVOU GPS MFBQ ZFBST
Your program will then contain an error. What kind of program error is it?

Software Reuse
When you first start to write programs, you can easily get the impression that
you must create each program entirely from scratch. However, typical software
is not produced this way. Most programs contain some components that
BMSFBEZ FYJTU 6TJOH TVDI DPNQPOFOUT TBWFT UJNF BOE NPOFZ 'VSUIFSNPSF 
existing components have probably been used many times, so they likely are
better tested and more reliable than newly created software.

1.3 Programming Basics
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For example, a highway simulation program might include a new highway
object to model a new highway design but would probably model automobiles
by using an automobile class that was already designed for some other program.
To ensure that the classes you use in your programs are easily reusable, you
must design them to be reusable. You must specify exactly how objects of that
class interact with other objects. This is the principle of encapsulation that
we mentioned earlier. But encapsulation is not the only principle you must
follow. You must also design your class so that the objects are general and
OPUTQFDJGJDUPPOFQBSUJDVMBSQSPHSBN'PSFYBNQMF JGZPVSQSPHSBNSFRVJSFT
that all simulated automobiles move only forward, you should still include a
SFWFSTFJOZPVSBVUPNPCJMFDMBTT CFDBVTFTPNFPUIFSTJNVMBUJPONBZSFRVJSF
automobiles to back up. We will return to the topic of reusability after we learn
more details about the Java language and have some examples to work with.
Besides reusing your own classes, you can and will use classes that Java
provides. For example, we have already used the standard classes Scanner Java provides a
and System to perform input and output. Java comes with a collection of library of classes
many classes known as the Java Class Library, sometimes called the Java for you
Application Programming Interface, or API. The classes in this collection are
organized into packages. As you saw earlier, the class Scanner, for example,
is in the package java.util. From time to time we will mention or use
classes within the Java Class Library. You should become familiar with the
EPDVNFOUBUJPO QSPWJEFE GPS UIF +BWB $MBTT -JCSBSZ PO 0SBDMF¥ 8FC TJUF "U
this writing, the link to this documentation is http://download-llnw.oracle.
DPNKBWBTFEPDTBQJ'JHVSFHJWFTBOFYBNQMFPGUIJTEPDVNFOUBUJPO
FIGURE 1.5 The Documentation for the Class Scanner

Package names
Description of
the class
Scanner

Class names
(we clicked
on Scanner)
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1.4 GRAPHICS SUPPLEMENT
Have a nice day.
—COMMON FAREWELL

Each of Chapters 1 through 10 has a graphics section like this one that
describes how to write programs that include various kinds of graphics
displays. We typically will display the graphics inside of an applet because
it is easier to do, especially for beginners. However, sometimes we will use a
windowing interface within an application program to display the graphics.
Chapter 2 will introduce you to this approach.
Since some people prefer to delay coverage of graphics until after a
programmer, such as yourself, has mastered the more elementary material,
you may skip these supplements without affecting your understanding of the
SFTUPGUIFCPPL*OPSEFSUPDPWFSHSBQIJDTUIJTFBSMZ XFXJMMIBWFUPSFTPSU
UPTPNFiNBHJDGPSNVMBTwUIBUJT DPEFUIBUXFXJMMUFMMZPVIPXUPVTFCVU
not fully explain until later in the book. These graphics supplements do build
POFBDIPUIFS*GZPVXBOUUPDPWFSUIFHSBQIJDTTVQQMFNFOUJOPOFDIBQUFS 
you will need to first read all or most of the graphics supplements in previous
chapters.
The material on applets and graphics presented here uses classes, objects,
and methods. You know that objects are entities that store data and can take
BDUJPOT*OUIJTTFDUJPO XFXJMMVTFPCKFDUTPOMZGPSUBLJOHBDUJPOT BOEXFXJMM
use only one kind of object. Our objects will usually be named canvas and
will have various methods that can draw figures—such as ovals—inside an
applet display.

REMEMBER You Can Display Graphics in Applets and
Application Programs
Whether you write an applet or an application program to display
graphics depends on your objective. You would write an applet if you
want to have a graphical feature on a Web page. Otherwise, you would
write an application program.

A Sample Graphics Applet
Listing 1.2 contains an applet that draws a happy face. Let’s examine the code
by going through it line by line.
The line
import javax.swing.JApplet;

1.4 Graphics Supplement
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LISTING 1.2 Drawing a Happy Face
import javax.swing.JApplet;
import java.awt.Graphics;
public class HappyFace extends JApplet
{
public void paint(Graphics canvas)
{
canvas.drawOval(100, 50, 200, 200);
canvas.fillOval(155, 100, 10, 20);
canvas.fillOval(230, 100, 10, 20);
canvas.drawArc(150, 160, 100, 50, 180, 180);
}
}
Applet Output

says that this applet—like all applets—uses the class JApplet that is in the
4XJOHMJCSBSZ QBDLBHF 5IFMJOF
import java.awt.Graphics;

TBZT UIBU UIJT BQQMFU BMTP VTFT UIF DMBTT (SBQIJDT GSPN UIF "85 MJCSBSZ
QBDLBHF "QQMFUTPGUFOVTFDMBTTFTJOUIF"85MJCSBSZJOBEEJUJPOUPDMBTTFT
in the Swing library.
The next line
public class HappyFace extends JApplet

Applets use the
packages Swing
and AWT
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CFHJOTUIFDMBTTEFGJOJUJPOGPSUIFBQQMFU*UJTOBNFE HappyFace. The words
extends JApplet indicate that we are defining an applet, as opposed to some
other kind of class. Although you need not worry about further details yet,
we are using inheritance to create the class HappyFace based upon an existing
class JApplet.
The applet contains one method—paint—whose definition begins with
public void paint(Graphics canvas)
An applet’s paint
method draws its
graphics

The paint method specifies what graphics are drawn in the applet. Each of
the four statements within the body of the method is an instruction to draw
a figure. The paint method is invoked automatically when the applet is run.
We will not discuss the details of method definitions until Chapter 5, but
we will tell you enough here to allow you to define the method paint to do
some simple graphics. The method invocation
canvas.drawOval(100, 50, 200, 200)

draws the big circle that forms the outline of the face. The first two numbers
tell where on the screen the circle is drawn. The method drawOval, as you may
have guessed, draws ovals. The last two numbers give the width and height of
the oval. To obtain a circle, you make the width and height the same size, as
we have done here. The units used for these numbers are called pixels, and we
will describe them shortly.
The two method invocations
canvas.fillOval(155, 100, 10, 20);
canvas.fillOval(230, 100, 10, 20);

ESBXUIFUXPFZFT5IFFZFTBSFiSFBMwPWBMTUIBUBSFUBMMFSUIBOUIFZBSFXJEF
Also notice that the method is called fillOval, not drawOval, which means it
draws an oval that is filled in.
The last invocation
canvas.drawArc(150, 160, 100, 50, 180, 180);

draws the mouth. We will explain the meaning of all of these arguments
next.

Size and Position of Figures
All measurements within a screen display are given not in inches or centimeters
but in pixels. A pixel—short for picture element—is the smallest length your
screen is capable of showing. A pixel is not an absolute unit of length like an
inch or a centimeter. The size of a pixel can be different on different screens,
but it will always be a small unit. You can think of your computer screen as
CFJOHDPWFSFECZTNBMMTRVBSFT FBDIPGXIJDIDBOCFBOZDPMPS:PVDBOOPU
TIPX BOZUIJOH TNBMMFS UIBO POF PG UIFTF TRVBSFT " QJYFM JT POF PG UIFTF
TRVBSFT CVUXIFOVTFEBTNFBTVSFPGMFOHUI BQJYFMJTUIFMFOHUIPGUIFTJEF

1.4 Graphics Supplement

PGPOFPGUIFTFTRVBSFT4*GZPVIBWFTIPQQFEGPSBEJHJUBMDBNFSB ZPVIBWF
undoubtedly heard the term pixel or megapixel. The meaning of the word pixel
when used in Java applets is the same as its meaning when describing pictures
from a digital camera. A megapixel is just a million pixels.
Figure 1.6 shows the coordinate system used to position figures inside of
an applet or other kind of Java window-like display. Think of the large rectangle
as outlining the drawing area that is displayed on the screen. The coordinate
system assigns two numbers to each point inside the rectangle. The numbers
are known as the x-coordinate and the y-coordinate of the point. The
x-coordinate is the number of pixels from the left edge of the rectangle to
the point. The y-coordinate is the number of pixels from the top edge of the
rectangle to the point. The coordinates are usually written within parentheses
and separated by a comma, with the x-coordinate first. So the point marked
XJUI B CMVF EPU JO 'JHVSF  IBT UIF DPPSEJOBUFT      JT UIF
x-coordinate and 50 is the y-coordinate.
&BDI DPPSEJOBUF JO UIJT TZTUFN JT HSFBUFS UIBO PS FRVBM UP [FSP 5IF
xDPPSEJOBUFHFUTMBSHFSBTZPVHPUPUIFSJHIUGSPNQPJOU   5IFy-coordinate
HFUT MBSHFS BT ZPV HP EPXO GSPN QPJOU     *G ZPV IBWF TUVEJFE x- and
yDPPSEJOBUFT JO B NBUI DMBTT  UIFTF BSF UIF TBNF  XJUI POF DIBOHF *O PUIFS
coordinate systems, the y-coordinates increase as they go upGSPNQPJOU   
You position a rectangle in this graphical coordinate system at coordinates
(x, y  CZ QMBDJOH JUT VQQFS MFGU DPSOFS BU UIF QPJOU x, y  'PS FYBNQMF  UIF
SFDUBOHMFHJWFOCZUIFEBTIFECMVFMJOFTJO'JHVSFJTQPTJUJPOFEBUQPJOU
  XIJDIJTNBSLFEXJUIBCMBDL9:PVQPTJUJPOBGJHVSFUIBUJTOPU
FIGURE 1.6 Screen Coordinate System
(0, 0)
50 pixels

Positive x direction

100 pixels

(100, 50)

Positive y direction

4USJDUMZTQFBLJOH BQJYFMOFFEOPUCFBTRVBSFCVUDPVMECFSFDUBOHVMBS)PXFWFS XF
do not need to go into such fine detail here.

4
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A pixel is the
smallest length
shown on a
screen
A coordinate
system positions
points on the
screen
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FIGURE 1.7 The Oval Drawn by canvas.drawOval(100,
50, 90, 50)

50 pixels

(0, 0)

100 pixels

Oval object
drawn

50 pixels

(100, 50)

90 pixels

a rectangle at point (x, y CZGJSTUFODMPTJOHJUJOBOJNBHJOBSZSFDUBOHMFUIBU
is as small as possible but still contains the figure and then by placing the
upper left corner of this enclosing rectangle at (x, y 'PSFYBNQMF JO'JHVSF
UIFPWBMJTBMTPQPTJUJPOFEBUQPJOU   *GUIFBQQMFUDPOUBJOTPOMZ
an oval and no rectangle, only the oval shows on the screen. But an imaginary
rectangle is still used to position the oval.

Drawing Ovals and Circles
5IFPWBMJO'JHVSFJTESBXOCZUIF+BWBTUBUFNFOU
canvas.drawOval(100, 50, 90, 50);

The first two numbers are the x- and y-coordinates of the upper left corner
of the imaginary rectangle that encloses the oval. That is, these two numbers
are the coordinates of the position of the figure drawn by this statement. The
next two numbers give the width and height of the rectangle containing the
PWBM BOEUIVTUIFXJEUIBOEIFJHIUPGUIFPWBMJUTFMG *GUIFXJEUIBOEIFJHIU
BSFFRVBM ZPVHFUBDJSDMF
Now let’s return to the statements in the body of the method paint:
drawOval and
fillOval draw
ovals or circles

canvas.drawOval(100, 50, 200, 200);
canvas.fillOval(155, 100, 10, 20);
canvas.fillOval(230, 100, 10, 20);

*OFBDIDBTF UIFGJSTUUXPOVNCFSTBSFUIFx- and y-coordinates of the upper left
corner of an imaginary rectangle that encloses the figure being drawn. The first
TUBUFNFOUESBXTUIFPVUMJOFPGUIFGBDFBUQPTJUJPO   4JODFUIFXJEUI
and height—as given by the last two arguments—have the same value, 200,
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we get a circle whose diameter is 200. The next two statements draw filled ovals
GPSUIFFZFTQPTJUJPOFEBUUIFQPJOUT   BOE   5IFFZFTBSF
each 10 pixels wide and 20 pixels high. The results are shown in Listing 1.2.
RECAP The Methods drawOval and fillOval
SYNTAX
canvas.drawOval(x, y, Width, Height);
canvas.fillOval(x, y, Width, Height);

The method drawOval draws the outline of an oval that is Width pixels
wide and Height pixels high. The oval is placed so that the upper left
corner of a tightly enclosing rectangle is at the point (x, y).
The method fillOval draws the same oval as drawOval but fills it in.

Drawing Arcs
Arcs, such as the smile on the happy face in Listing 1.2, are specified as a
portion of an oval. For example, the following statement from Listing 1.2
draws the smile on the happy face:
canvas.drawArc(150, 160, 100, 50, 180, 180);

The first two arguments give the position of an invisible rectangle. The upper
MFGUDPSOFSPGUIJTSFDUBOHMFJTBUUIFQPJOU   5IFOFYUUXPBSHVNFOUT
TQFDJGZUIFTJ[FPGUIFSFDUBOHMFJUIBTXJEUIBOEIFJHIU*OTJEFUIJT
invisible rectangle, imagine an invisible oval with the same width and height
as the invisible rectangle. The last two arguments specify the portion of this
JOWJTJCMFPWBMUIBUJTNBEFWJTJCMF*OUIJTFYBNQMF UIFCPUUPNIBMGPGUIFPWBMJT
visible and forms the smile. Let’s examine these last two arguments more closely.
The next-to-last argument of drawArc specifies a start angle in degrees. The drawArc draws
last argument specifies how many degrees of the oval’s arc will be made visible. part of an oval
5IFSJHIUNPTUFOEPGUIFPWBMTIPSJ[POUBMFRVBUPSJTBU[FSPEFHSFFT"TZPV
move along the oval’s edge in a counterclockwise direction, the degrees increase
in value. For example, Figure 1.8a shows a start angle of 0 degrees; we measure
EFHSFFTBMPOHUIFPWBMJOBDPVOUFSDMPDLXJTFEJSFDUJPO NBLJOHPOFRVBSUFS
of the oval visible. Conversely, as you move along the oval in a clockwise
direction, the degrees decrease in value. For example, in Figure 1.8b, we start
BUBOENPWF¦EFHSFFTJOBDMPDLXJTFEJSFDUJPO NBLJOHBEJGGFSFOURVBSUFS
PG UIF PWBM WJTJCMF *G UIF MBTU BSHVNFOU JT   ZPV NPWF DPVOUFSDMPDLXJTF
through 360 degrees, making the entire oval visible, as Figure 1.8c shows.
Finally, Figure 1.8d illustrates an arc that begins at 180 degrees, so it starts
on the left end of the invisible oval. The last argument is also 180, so the arc is
made visible through 180 degrees in the counterclockwise direction, or halfway
around the oval. The smile on the happy face in Listing 1.2 uses this same arc.

36

CHAPTER 1 / Introduction to Computers and Java

FIGURE 1.8 Specifying an Arc
(a)

canvas.drawArc(x, y, width, height, 0, 90);
(x, y)

Sweep through 90 degrees
Height
Start at
0 degrees
Width

(b)

canvas.drawArc(x, y, width, height, 0, -90);

Start at
0 degrees
Sweep through -90 degrees

(c)

canvas.drawArc(x, y, width, height, 0, 360);

Start at
0 degrees
Sweep through 360 degrees

(d)

canvas.drawArc(x, y, width, height, 180, 180);

Start at
180 degrees
Sweep through 180 degrees
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RECAP drawArc
SYNTAX
canvas.drawArc(x, y, Width, Height, StartAngle, ArcAngle);

Draws an arc that is part of an oval placed so the upper left corner of
a tightly enclosing rectangle is at the point (x, y). The oval’s width and
height are Width and Height, both in pixels. The portion of the arc drawn
is given by StartAngle and ArcAngle, both given in degrees. The rightmost
end of the oval’s horizontal equator is at 0 degrees. You measure positive
angles in a counterclockwise direction and negative angles in a clockwise
direction. Beginning at StartAngle, you measure ArcAngle degrees along
the oval to form the arc. Figure 1.8 gives some examples of arcs.

FAQ What is canvas?
The identifier canvas names an object that does the drawing. Note that
canvas is a “dummy variable” that stands for an object that Java supplies
to do the drawing. You need not use the identifier canvas, but you do
need to be consistent. If you change one occurrence of canvas to, say,
pen, you must change all occurrences of canvas to pen. Thus, the method
paint shown in Listing 1.2 could be written as follows:
public void paint (Graphics pen)
{
pen.drawOval(100, 50, 200, 200);
pen.fillOval(155, 100, 10, 20);
pen.fillOval(230, 100, 10, 20);
pen.drawArc(150, 160, 100, 50, 180, 180);
}

This definition and the one given in Listing 1.2 are equivalent.

Running an Applet
You compile an applet in the same way that you compile any other Java class.
However, you run an applet differently from other Java programs. The normal
way to run an applet is as part of a Web page. The applet is then viewed
through a Web browser. We will discuss this means of viewing an applet in
$IBQUFS POUIFCPPLT8FCTJUF 
You need not know how to embed an applet in a Web page to run it, however.
*OTUFBE  ZPV DBO VTF BO applet viewer, a program designed to run applets as
stand-alone programs. The easiest way to do this is to run the applet from an
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An applet viewer
will run an applet
Ending an applet

JOUFHSBUFEEFWFMPQNFOUFOWJSPONFOU *%& TVDIBTUIFPOFTNFOUJPOFEFBSMJFSJO
UIJTDIBQUFS&WFSZ*%&IBTBNFOVDPNNBOETVDIBT3VO"QQMFU 3VO &YFDVUF 
or something similar. Appendix 2 explains how to use Oracle’s applet viewer.
5IFXBZUPFOEBOBQQMFUEFQFOETPOIPXZPVBSFSVOOJOHJU*GZPVBSF
VTJOH BO *%& PS PUIFS BQQMFU WJFXFS  ZPV FOE UIF BQQMFU EJTQMBZ CZ DMJDLJOH
the close-window button with your mouse. The close-window button will
likely be as shown in Listing 1.2, but it might have a different location or
BQQFBSBODF EFQFOEJOHPOZPVSDPNQVUFSBOEPQFSBUJOHTZTUFN*OUIBUDBTF 
the close-window button will probably be like those on other windows on
ZPVSDPNQVUFS*GZPVBSFSVOOJOHUIFBQQMFUGSPNB8FCTJUF UIFBQQMFUTUBZT
until you close or navigate away from the page it is on.

S E L F -TE S T QU ESTI ONS

VideoNote
Another applet example

33. How would you change the applet program in Listing 1.2 so that the eyes
are circles instead of ovals?
34. How would you change the applet program in Listing 1.2 so that the face
frowns? (Hint: Turn the smile upside down by changing the arguments in
the call to the method drawArc

CHAPTER SUMMARY
■

A computer’s main memory holds the program that is currently executing, and it
also holds many of the data items that the program is manipulating. A computer’s
main memory is divided into a series of numbered locations called bytes. This
memory is volatile: The data it holds disappears when the computer’s power is off.

■

A computer’s auxiliary memory is used to hold data in a more or less perNBOFOUXBZ*UTEBUBSFNBJOTFWFOXIFOUIFDPNQVUFSTQPXFSJTPGG)BSE
EJTLESJWFT GMBTIESJWFT $%T BOE%7%TBSFFYBNQMFTPGBVYJMJBSZNFNPSZ

■

A compiler is a program that translates a program written in a high-level language like Java into a program written in a low-level language. An interpreter
is a program that performs a similar translation, but unlike a compiler, an
interpreter executes a portion of code right after translating it, rather than
translating the entire program at once.

■

The Java compiler translates your Java program into a program in the bytecode language. When you give the command to run your Java program, this
bytecode program is both translated into machine-language instructions and
FYFDVUFECZBOJOUFSQSFUFSDBMMFEUIF+BWB7JSUVBM.BDIJOF

■

An object is a program construct that performs certain actions. These actions, or behaviors, are defined by the object’s methods. The characteristics,
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or attributes, of an object are determined by its data, and the values of these
attributes give the object a state.
■

Object-oriented programming is a methodology that views a program as
consisting of objects that can act alone or interact with one another. A software object might represent a real-world object, or it might be an abstraction.

■

Three of the main principles of object-oriented programming are encapsulation, polymorphism, and inheritance.

■

A class is a blueprint for the attributes and behaviors of a group of objects.
The class defines the type of these objects. All objects of the same class have
the same methods.

■

*OB+BWBQSPHSBN BNFUIPEJOWPDBUJPOJTXSJUUFOBTUIFPCKFDUOBNF GPMMPXFECZBQFSJPE DBMMFEBEPU UIFNFUIPEOBNF BOE GJOBMMZ UIFBSHVments in parentheses.

■

"OBMHPSJUINJTBTFUPGEJSFDUJPOTGPSTPMWJOHBQSPCMFN5PRVBMJGZBTBO
algorithm, the directions must be expressed so completely and precisely that
somebody could follow them without having to fill in any details or make
any decisions that are not fully specified in the directions.

■

1TFVEPDPEFJTBDPNCJOBUJPOPG&OHMJTIBOEBQSPHSBNNJOHMBOHVBHF*UJT
used to write an algorithm’s directions.

■

The syntax of a programming language is the set of grammatical rules for the
language. These rules dictate whether a statement in the language is correct.
The compiler will detect errors in a program’s syntax.

■

You can write applets that display pictures on the computer screen. Applets
BSFNFBOUUPCFTFOUPWFSUIF*OUFSOFUBOECFWJFXFEJOB8FCCSPXTFS)PXever, you can use an applet viewer, which is a stand-alone program, instead.

■

The method drawOval draws the outline of an oval. The method fillOval
draws the same oval as drawOval but fills it in. The method drawArc draws
an arc that is part of an oval.

Exercises
1. How does a computer’s main memory differ from its auxiliary memory?
2. After you use a text editor to write a program, will it be in main memory or
auxiliary memory?
3. When a computer executes a program, will it be in main memory or auxiliary memory?
4. How does machine language differ from Java?
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5. How does bytecode differ from machine language?
6. What would the following statements, when used in a Java program, display on the screen?
int age;
age = 20;
System.out.println ("My age is");
System.out.println(age);

  8SJUFBTUBUFNFOUPSTUBUFNFOUTUIBUDBOCFVTFEJOB+BWBQSPHSBNUPEJTplay the following on the screen:
3
2
1

8. Write statements that can be used in a Java program to read your age, as
entered at the keyboard, and display it on the screen.
  (JWFOBQFSTPOTZFBSPGCJSUI UIF#JSUIEBZ8J[BSEDBODPNQVUFUIFZFBS
in which the person’s nth birthday will occur or has occurred. Write statements that can be used in a Java program to perform this computation for
the Birthday Wizard.
10. Write statements that can be used in a Java program to read two integers
and display the number of integers that lie between them, including the integers themselves. For example, four integers are between 3 and 6: 3, 4, 5,
and 6.
11. A single bit can represent two values: 0 and 1. Two bits can represent four
values: 00, 01, 10, and 11. Three bits can represent eight values: 000, 001,
010, 011, 100, 101, 110, and 111. How many values can be represented by
a. 8 bits?

b. 16 bits?

c. 32 bits?

 'JOEUIFEPDVNFOUBUJPOGPSUIF+BWB$MBTT-JCSBSZPOUIF0SBDMF¥8FCTJUF
(At this writing, the link to this documentation is http://download-llnw.oracle
DPNKBWBTFEPDTBQJ 5IFOGJOEUIFEFTDSJQUJPOGPSUIFDMBTT Scanner.
)PXNBOZNFUIPETBSFEFTDSJCFEJOUIFTFDUJPOFOUJUMFEi.FUIPE4VNNBSZw
 4FMG5FTU 2VFTUJPO  BTLFE ZPV UP UIJOL PG TPNF BUUSJCVUFT GPS B TPOH
object. What attributes would you want for an object that represents a play
list containing many songs?
14. What behaviors might a song have? What behaviors might a play list have?
Contrast the difference in behavior between the two kinds of objects.
15. What attributes and behaviors would an object representing a credit card
account have?
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16. Suppose that you have a number x that is greater than 1. Write an algorithm
that computes the largest integer k such that 2kJTMFTTUIBOPSFRVBMUPx.
 8SJUFBOBMHPSJUINUIBUGJOETUIFNBYJNVNWBMVFJOBMJTUPGWBMVFT
18. Write statements that can be used in a Java applet to draw the five interlockJOHSJOHTUIBUBSFUIFTZNCPMPGUIF0MZNQJDT %POUXPSSZBCPVUUIFDPMPS

Graphics

 'JOEUIFEPDVNFOUBUJPOGPSUIFDMBTT(SBQIJDTJOUIF+BWB$MBTT-JCSBSZ
4FF&YFSDJTF -FBSOIPXUPVTFUIFNFUIPEdrawRect. Then write stateNFOUTUIBUDBOCFVTFEJOB+BWBBQQMFUUPESBXBTRVBSFDPOUBJOJOHBDJSDMF Graphics
5IFDJSDMFTEJBNFUFSBOEUIFTRVBSFTTJEFTIPVMECFFRVBMJOTJ[F
20. Write statements that can be used in a Java applet to draw the outline of a
crescent moon.
PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
1. Obtain a copy of the Java program shown in Listing 1.1 from the Web at the
location given in the preface. Name the file FirstProgram.java. Compile the
program so that you receive no compiler error messages. Then run the program.
 .PEJGZUIF+BWBQSPHSBNEFTDSJCFEJO1SPHSBNNJOH1SPKFDUTPUIBUJU
adds three numbers instead of two. Compile the program so that you receive no compiler error messages. Then run the program.
3. Write a Java program that displays the following picture. (Hint: Write a
TFRVFODFPGprintlnTUBUFNFOUTUIBUEJTQMBZMJOFTPGBTUFSJTLTBOECMBOLT

Graphics
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4. Write a complete program for the problem described in Exercise 9.
5. Write a complete program for the problem described in Exercise 10.
VideoNote
Writing an algorithm for
Project 5

Graphics
Graphics
Graphics

6. Write an applet program similar to the one in Listing 1.2 that displays a
picture of a snowman. (Hint:%SBXUISFFDJSDMFT POFBCPWFUIFPUIFS.BLF
the circles progressively smaller from bottom to top. Make the top circle a
IBQQZGBDF
 8SJUFBOBQQMFUQSPHSBNGPSUIFQSPCMFNEFTDSJCFEJO&YFSDJTF
8. Write an applet program that displays the following pattern:

Answers to Self-Test Questions
1. Main memory and auxiliary memory.
2. Software is just another name for programs.
3. The two numbers to be added.
  "MMUIFHSBEFTPOBMMUIFRVJ[[FTZPVIBWFUBLFOJOUIFDPVSTF
5. A high-level-language program is written in a form that is easy for a human
being to write and read. A machine-language program is written in a form the
computer can execute directly. A high-level-language program must be translated into a machine-language program before the computer can execute it.
Java bytecode is a low-level language that is similar to the machine language
PGNPTUDPNNPODPNQVUFST*UJTSFMBUJWFMZFBTZUPUSBOTMBUFBQSPHSBNFYpressed in Java bytecode into the machine language of almost any computer.
6. Java is a high-level language.
  +BWBCZUFDPEFJTBMPXMFWFMMBOHVBHF
8. A compiler translates a high-level-language program into a low-levellanguage program such as a machine-language program or a Java bytecode
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program. When you compile a Java program, the compiler translates your
Java program into a program expressed in Java bytecode.
9. A source program is the high-level-language program that is input to a compiler.
 5IF+BWB7JSUVBM.BDIJOFJTBQSPHSBNUIBUUSBOTMBUFT+BWBCZUFDPEFJOTUSVDUJPOTUPNBDIJOFMBOHVBHFJOTUSVDUJPOT5IF+7.JTBLJOEPGJOUFSQSFUFS
11. Java is great!
12. System.out.println("Java for one.");
System.out.println("Java for all.");

13. mary.increaseAge(5);
14. The statement reads a whole number typed in at the keyboard and stores
it in the variable nl
15. public class Question15
{
public static void main(String[] args)
{
System.out.println("Hello World!");
}
}

Some details, such as identifier names, may be different in your program.
Be sure you compile and run your program.
16. The file containing the class YourClass should be named YourClass.java.
 YourClass.class.
18. A method defines an action that an object is capable of performing.
19. A class is a blueprint for creating objects. All objects in the same class have
the same kind of data and the same methods.
20. Yes, all objects of the same class have the same methods.
21. Encapsulation is the process of hiding all the details of an object that are
VOOFDFTTBSZUPVTJOHUIFPCKFDU1VUBOPUIFSXBZ FODBQTVMBUJPOJTUIFQSPcess of describing a class or object by giving only enough information to
allow a programmer to use the class or object.
 *OGPSNBUJPOIJEJOHJTBOPUIFSUFSNGPSFODBQTVMBUJPO
 *OBQSPHSBNNJOHMBOHVBHF TVDIBT+BWB QPMZNPSQIJTNNFBOTUIBUPOF
method name, used as an instruction, can cause different actions, depending on the kind of object performing the action.
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 *OIFSJUBODFJTBXBZPGPSHBOJ[JOHDMBTTFT:PVDBOEFGJOFBHFOFSBMDMBTT
having common attributes and behaviors, and then use inheritance to define specialized classes that add to or revise the details of the general class.
 "OBMHPSJUINJTBTFUPGEJSFDUJPOTGPSTPMWJOHBQSPCMFN5PRVBMJGZBTBO
algorithm, the directions must be expressed so completely and precisely
that somebody could follow them without having to fill in any details or
make any decisions that are not fully specified in the directions.
 1TFVEPDPEFJTBNJYUVSFPG&OHMJTIBOE+BWBUIBUZPVDBOVTFUPXSJUFUIF
steps of an algorithm.
 "TPOHPCKFDUDPVMEIBWFUIFGPMMPXJOHBUUSJCVUFTUJUMF DPNQPTFS EBUF 
performer, album title.
28. Algorithm to count the odd integers in a list of integers:
1. Write the number 0 on the blackboard.
   %PUIFGPMMPXJOHGPSFBDIPEEJOUFHFSPOUIFMJTU
  

t "EEUPUIFOVNCFSPOUIFCMBDLCPBSE

  

t 3
 FQMBDFUIFPMEOVNCFSPOUIFCMBDLCPBSEXJUIUIFSFTVMUPGUIJTBEEJUJPO

3. Announce that the answer is the number written on the blackboard.
29. A syntax error is a grammatical mistake in a program. When you write a
QSPHSBN ZPVNVTUBEIFSFUPWFSZTUSJDUHSBNNBUJDBMSVMFT*GZPVWJPMBUF
POFPGUIFTFSVMFTCZPNJUUJOHBSFRVJSFEQVODUVBUJPONBSL GPSFYBNQMF
you make a syntax error.
 "MPHJDFSSPSJTBDPODFQUVBMFSSPSJOBQSPHSBNPSJUTBMHPSJUIN*GZPVSQSPgram runs and gives output, but the output is incorrect, you have a logic error.
31. Syntax errors and run-time errors.
32. A logic error.
33. Change the following lines
canvas.fillOval(155, 100, 10, 20);
canvas.fillOval(230, 100, 10, 20);

to
canvas.fillOval(155, 100, 10, 10);
canvas.fillOval(230, 100, 10, 10);

The last two numbers on each line are changed from 10, 20 to 10, 10. You
could also use some other number, such as 20, and write 20, 20 in place
of 10, 10.
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34. Change the following line
canvas.drawArc(150, 160, 100, 50, 180, 180);

to
canvas.drawArc(150, 160, 100, 50, 180, -180);

The last number is changed from positive to negative. Other correct
answers are possible. For example, the following is also acceptable:
canvas.drawArc(150, 160, 100, 50, 0, 180);

You could also change the first number 150 to a larger number in either
of the above statements. Other correct answers are similar to what we
have already described.
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Computers can figure out all kinds of problems, except the things in the
world that just don’t add up.
—JAMES MAGARY

In this chapter, we explain enough about the Java language to allow you to
write simple Java programs. You do not need any programming experience
to understand this chapter. If you are already familiar with some other
programming language, such as Visual Basic, C, C++, or C#, much that is in
Section 2.1 will already be familiar to you. However, even if you know the
concepts, you should learn the Java way of expressing them.

OBJECTIVES
After studying this chapter, you should be able to
t %FTDSJCFUIF+BWBEBUBUZQFTUIBUBSFVTFEGPSTJNQMFEBUBMJLFOVNCFSTBOE
characters
t 8SJUF+BWBTUBUFNFOUTUPEFDMBSFWBSJBCMFTBOEEFGJOFOBNFEDPOTUBOUT
t 8SJUFBTTJHONFOUTUBUFNFOUTBOEFYQSFTTJPOTDPOUBJOJOHWBSJBCMFTBOEDPOTUBOUT
t %FGJOFTUSJOHTPGDIBSBDUFSTBOEQFSGPSNTJNQMFTUSJOHQSPDFTTJOH
t 8SJUF+BWBTUBUFNFOUTUIBUBDDPNQMJTILFZCPBSEJOQVUBOETDSFFOPVUQVU
t "EIFSFUPTUZMJTUJDHVJEFMJOFTBOEDPOWFOUJPOT
t 8SJUFNFBOJOHGVMDPNNFOUTXJUIJOBQSPHSBN
t 6TFUIFDMBTT JFrame to produce windowing interfaces within Java application programs
t 6TFUIFDMBTTJOptionPane to perform window-based input and output

PREREQUISITES
If you have not read Chapter 1, you should read at least the section of
Chapter 1 entitled “A First Java Application Program” to familiarize yourself
with the notions of class, object, and method. Also, material from the graphics
supplement in Chapter 1 is used in the section “Style Rules Applied to a
Graphics Applet” in the graphics supplement of this chapter.

2.1 VARIABLES AND EXPRESSIONS
Once a person has understood the way variables are used in programming, he
has understood the quintessence of programming.
—E. W. DIJKSTRA (1930–2002), NOTES ON STRUCTURED PROGRAMMING (1969)

primitive adj. 1. Not derived from something else; primary or basic.
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In this section, we explain how simple variables and arithmetic expressions
are used in Java programs. Some of the terms used here were introduced in
$IBQUFS8FXJMM IPXFWFS SFWJFXUIFNBHBJO

Variables
Variables in a program are used to store data such as numbers and letters.
They can be thought of as containers of a sort. The number, letter, or other
data item in a variable is called its value. This value can be changed, so that at
one time the variable contains, say, 6, and at another time, after the program
has run for a while, the variable contains a different value, such as 4.
For example, the program in Listing 2.1 uses the variables numberOfBaskets,
eggsPerBasket, and totalEggs8IFOUIJTQSPHSBNJTSVO UIFTUBUFNFOU

A variable is
a program
component
used to store or
represent data

eggsPerBasket = 6;

sets the value of eggsPerBasket to 6.
Variables
In Java, variables are implemented as memory locations, which we represent
EFTDSJCFEJO$IBQUFS&BDIWBSJBCMFJTBTTJHOFEPOFNFNPSZMPDBUJPO8IFO memory locations

LISTING 2.1 A Simple Java Program
public class EggBasket
{
public static void main(String[] args)
{
int numberOfBaskets, eggsPerBasket, totalEggs;
numberOfBaskets = 10;
eggsPerBasket = 6;

Variable
declarations

Assignment statement

totalEggs = numberOfBaskets * eggsPerBasket;
System.out.println("If you have");
System.out.println(eggsPerBasket + " eggs per basket and");
System.out.println(numberOfBaskets + " baskets, then");
System.out.println("the total number of eggs is " + totalEggs);
}
}

Sample Screen Output
If you have
6 eggs per basket and
10 baskets, then
the total number of eggs is 60
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Choose
meaningful
variable names

the variable is given a value, the value is encoded as a string of 0s and 1s and is
placed in the variable’s memory location.
You should choose variable names that are helpful. The names should
suggest the variables’ use or indicate the kind of data they will hold. For
example, if you use a variable to count something, you might name it count.
If the variable is used to hold the speed of an automobile, you might call the
variable speed. You should almost never use single-letter variable names like
x and y. Somebody reading the statement
x = y + z;

would have no idea of what the program is really adding. The names of
variables must also follow certain spelling rules, which we will detail later in
the section “Java Identifiers.”
Before you can use a variable in your program, you must state some basic
information about each one. The compiler—and so ultimately the computer—
needs to know the name of the variable, how much computer memory to
reserve for the variable, and how the data item in the variable is to be coded as
strings of 0s and 1s. You give this information in a variable declaration. Every
variable in a Java program must be declared before it is used for the first time.
A variable declaration tells the computer what type of data the variable
will hold. That is, you declare the variable’s data type. Since different types
of data are stored in the computer’s memory in different ways, the computer
must know the type of a variable so it knows how to store and retrieve
the value of the variable from the computer’s memory. For example, the
following line from Listing 2.1 declares numberOfBaskets, eggsPerBasket,
and totalEggs to be variables of data type int:
int numberOfBaskets, eggsPerBasket, totalEggs;

Declare variables
before using
them

A variable declaration consists of a type name, followed by a list of variable
names separated by commas. The declaration ends with a semicolon. All the
variables named in the list are declared to have the same data type, as given at
the start of the declaration.
If the data type is int, the variable can hold whole numbers, such as 42,
−99, 0, and 2001. A whole number is called an integer. The word int is an
abbreviation of integer. If the type is double, the variable can hold numbers
having a decimal point and a fractional part after the decimal point. If the
type is char, the variables can hold any one character that appears on the
computer keyboard.
Every variable in a Java program must be declared before the variable can
be used. Normally, a variable is declared either just before it is used or at the
start of a section of your program that is enclosed in braces {}. In the simple
programs we have seen so far, this means that variables are declared either just
before they are used or right after the lines
public static void main(String[] args)
{

2.1 Variables and Expressions

RECAP Variable Declarations
In a Java program, you must declare a variable before it can be used.
A variable declaration has the following form:
SYNTAX
Type Variable_1, Variable_2, ...;

EXAMPLES
int styleNumber, numberOfChecks, numberOfDeposits;
double amount, interestRate;
char answer;

Data Types
As you have learned, a data type specifies a set of values and their operations.
In fact, the values have a particular data type because they are stored in
memory in the same format and have the same operations defined for them.

A data type
specifies a set
of values and
operations

REMEMBER Syntactic Variables
When you see something in this book like Type, Variable_1, or Variable_2
used to describe Java syntax, these words do not literally appear in your
Java code. They are syntactic variables, which are a kind of blank that you
fill in with something from the category that they describe. For example,
Type can be replaced by int, double, char, or any other type name.
Variable_1 and Variable_2 can each be replaced by any variable name.

Java has two main kinds of data types: class types and primitive types.
As the name implies, a class type is a data type for objects of a class. Since a
class is like a blueprint for objects, the class specifies how the values of its type
are stored and defines the possible operations on them. As we implied in the
previous chapter, a class type has the same name as the class. For example,
quoted strings such as "Java is fun" are values of the class type String,
which is discussed later in this chapter.
Variables of a primitive type are simpler than objects (values of a class
type), which have both data and methods. A value of a primitive type is an
indecomposable value, such as a single number or a single letter. The types
int, double, and char are examples of primitive types.

Class types and
primitive types
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FIGURE 2.1 Primitive Type
Type Name Kind of Value

Memory Used Range of Values

byte

Integer

1 byte

128 to 127

short

Integer

2 bytes

32,768 to 32,767

int

Integer

4 bytes

2,147,483,648 to 2,147,483,647

long

Integer

8 bytes

9,223,372,036,8547,75,808 to
9,223,372,036,854,775,807

float

Floating-point

4 bytes

±3.40282347 × 10+38 to
±1.40239846 × 10−45

double

Floating-point

8 bytes

±1.79769313486231570 × 10+308 to
±4.94065645841246544 × 10−324

char

Single character
(Unicode)

2 bytes

All Unicode values from 0 to 65,535

1 bit

True or false

boolean

A floating-point
number has a
fractional part

Figure 2.1 lists all of Java’s primitive types. Four types are for integers,
namely, byte, short, int, and long. The only differences among the various
integer types are the range of integers they represent and the amount of
computer memory they use. If you cannot decide which integer type to use,
use the type int.
A number having a fractional part—such as the numbers 9.99, 3.14159,
−5.63, and 5.0—is called a floating-point number. Notice that 5.0 is a
floating-point number, not an integer. If a number has a fractional part, even
if the fractional part is zero, it is a floating-point number. As shown in Figure
2.1, Java has two data types for floating-point numbers, float and double.
For example, the following code declares two variables, one of type float and
one of type double:
float cost;
double capacity;

As with integer types, the differences between float and double involve the
range of their values and their storage requirements. If you cannot decide
between the types float and double, use double.
The primitive type char is used for single characters, such as letters, digits,
or punctuation. For example, the following declares the variable symbol to be
of type char, stores the character for uppercase A in symbol, and then displays
A on the screen:
char symbol;
symbol = 'A';
System.out.println(symbol);

2.1 Variables and Expressions

In a Java program, we enclose a single character in single quotes, as in 'A'. Single quotes
Note that there is only one symbol for a single quote. The same quote symbol enclose a
is used on both sides of the character. Finally, remember that uppercase letters character
and lowercase letters are different characters. For example, 'a' and 'A' are
two different characters.
The last primitive type we have to discuss is the type boolean. This data
UZQFIBTUXPWBMVFT USVFBOEGBMTF8FDPVME GPSFYBNQMF VTFBWBSJBCMFPG
type boolean to store the answer to a true/false question such as “Is eggCount
MFTTUIBO w8FXJMMIBWFNPSFUPTBZBCPVUUIFEBUBUZQF boolean in the
next chapter.
All primitive type names in Java begin with a lowercase letter. In the next
section, you will learn about a convention in which class type names—that is,
the names of classes—begin with an uppercase letter.
Although you declare variables for class types and primitive types in
the same way, these two kinds of variables store their values using different
mechanisms. Chapter 5 will explain class type variables in more detail.
In this chapter and the next two, we will concentrate on primitive types.
8F XJMM PDDBTJPOBMMZ VTF WBSJBCMFT PG B DMBTT UZQF CFGPSF $IBQUFS   CVU
only in contexts where they behave pretty much the same as variables of a
primitive type.

Java Identifiers
The technical term for a name in a programming language, such as the name
of a variable, is an identifier. In Java, an identifier (a name) can contain
only letters, digits 0 through 9, and the underscore character (_). The first
character in an identifier cannot be a digit.1 In particular, no name can
contain a space or any other character such as a dot (period) or an asterisk
5IFSFJTOPMJNJUUPUIFMFOHUIPGBOJEFOUJGJFS8FMM JOQSBDUJDF UIFSF
is a limit, but Java has no official limit and will accept even absurdly long
names. Java is case sensitive. That is, uppercase and lowercase letters are
considered to be different characters. For example, Java considers mystuff, Java is case
myStuff, and MyStuff to be three different identifiers, and you could have sensitive
three different variables with these three names. Of course, writing variable
names that differ only in their capitalization is a poor programming practice,
CVUUIF+BWBDPNQJMFSXPVMEIBQQJMZBDDFQUUIFN8JUIJOUIFTFDPOTUSBJOUT 
you can use any name you want for a variable, a class, or any other item you
define in a Java program. But there are some style guidelines for choosing
names.

Java does allow the dollar sign $ to appear in an identifier, treating it as a letter. But
such identifiers have a special meaning. It is intended to identify code generated by a
machine, so you should not use the $ symbol in your identifiers.

1

53

54

CHAPTER 2 / Basic Computation

Our somewhat peculiar use of uppercase and lowercase letters, such as
numberOfBaskets, deserves some explanation. It would be perfectly legal to
use NumberOfBaskets or number_of_baskets instead of numberOfBaskets,

but these other names would violate some well-established conventions
BCPVU IPX ZPV TIPVME VTF VQQFSDBTF BOE MPXFSDBTF MFUUFST 6OEFS UIFTF
DPOWFOUJPOT XFXSJUFUIFOBNFTPGWBSJBCMFTVTJOHPOMZMFUUFSTBOEEJHJUT8F
“punctuate” multiword names by using uppercase letters—since we cannot
use spaces. The following are all legal names that follow these conventions:
Legal identifiers

inputStream YourClass CarWash hotCar theTimeOfDay

Notice that some of these legal names start with an uppercase letter and
others, such as hotCar TUBSUXJUIBMPXFSDBTFMFUUFS8FXJMMBMXBZTGPMMPXUIF
convention that the names of classes start with an uppercase letter, and the
names of variables and methods start with a lowercase letter.
The following identifiers are all illegal in Java, and the compiler will
complain if you use any of them:
Illegal identifiers

Java keywords
have special
meanings

prenhall.com go-team Five* 7eleven

The first three contain illegal characters, either a dot, a hyphen, or an asterisk.
The last name is illegal because it starts with a digit.
Some words in a Java program, such as the primitive types and the word
if, are called keywords or reserved words. They have a special predefined
meaning in the Java language and cannot be used as the names of variables,
classes, or methods, or for anything other than their intended meaning. All
Java keywords are entirely in lowercase. A full list of these keywords appears
on the inside cover of this book, and you will learn them as we go along. The
program listings in this book show keywords, such as public, class, static,
and void  JO B TQFDJBM DPMPS 5IF UFYU FEJUPST XJUIJO BO *%& PGUFO JEFOUJGZ
keywords in a similar manner.
Some other words, such as main and println, have a predefined meaning
but are not keywords. That means you can change their meaning, but it is
a bad idea to do so, because it could easily confuse you or somebody else
reading your program.

RECAP Identifiers (Names)
The name of something in a Java program, such as a variable, class, or
method, is called an identifier. It must not start with a digit and may
contain only letters, digits 0 through 9, and the underscore character (_).
Uppercase and lowercase letters are considered to be different characters.
(The symbol $ is also allowed, but it is reserved for special purposes, and
so you should not use $ in a Java name.)

2.1 Variables and Expressions
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Although it is not required by the Java language, the common practice, and
the one followed in this book, is to start the names of classes with uppercase
letters and to start the names of variables and methods with lowercase letters.
These names are usually spelled using only letters and digits.

GOTCHA

Java Is Case Sensitive

%POPUGPSHFUUIBU+BWBJTDBTFTFOTJUJWF*GZPVVTFBOJEFOUJGJFS MJLFmyNumber,
and then in another part of your program you use the spelling MyNumber, Java
will not recognize them as being the same identifier. To be seen as the same
identifier, they must use exactly the same capitalization.
■

FAQ Why should I follow naming conventions? And who sets
the rules?
By following naming conventions, you can make your programs easier
to read and to understand. Typically, your supervisor or instructor
determines the conventions that you should follow when writing Java
programs. However, the naming conventions that we just gave are
almost universal among Java programmers. We will mention stylistic
conventions for other aspects of a Java program as we go forward. Sun
Microsystems provides its own conventions on its Web site. While the
company suggests that all Java programmers follow these conventions,
not everyone does.

Assignment Statements
The most straightforward way to give a variable a value or to change its value is to
use an assignment statement. For example, if answer is a variable of type int and
you want to give it the value 42, you could use the following assignment statement:
answer = 42;

The equal sign, =, is called the assignment operator when it is used in an
assignment statement. It does not mean what the equal sign means in other
contexts. The assignment statement is an order telling the computer to change
the value stored in the variable on the left side of the assignment operator to
the value of the expression on the right side. Thus, an assignment statement
always consists of a single variable followed by the assignment operator (the
equal sign) followed by an expression. The assignment statement ends with a
semicolon. So assignment statements take the form
Variable = Expression;

An assignment
statement gives
a value to a
variable
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The expression can be another variable, a number, or a more complicated
expression made up by using arithmetic operators, such as + and -, to
combine variables and numbers. For example, the following are all examples
of assignment statements:
amount = 3.99;
firstInitial = 'B';
score = numberOfCards + handicap;
eggsPerBasket = eggsPerBasket − 2;

All the names, such as amount, score, and numberOfCards BSFWBSJBCMFT8F
are assuming that the variable amount is of type double, firstInitial is of
type char, and the rest of the variables are of type int.
8IFOBOBTTJHONFOUTUBUFNFOUJTFYFDVUFE UIFDPNQVUFSGJSTUFWBMVBUFT
the expression on the right side of the assignment operator (=) to get the value
of the expression. It then uses that value to set the value of the variable on the
left side of the assignment operator. You can think of the assignment operator
as saying, “Make the value of the variable equal to what follows.”
For example, if the variable numberOfCards has the value 7 and handicap
has the value 2, the following assigns 9 as the value of the variable score:
score = numberOfCards + handicap;

In the program in Listing 2.1, the statement
* means multiply

totalEggs = numberOfBaskets * eggsPerBasket;

is another example of an assignment statement. It tells the computer to set
the value of totalEggs equal to the number in the variable numberOfBaskets
multiplied by the number in the variable eggsPerBasket. The asterisk
character (*) is the symbol used for multiplication in Java.
Note that a variable can meaningfully occur on both sides of the
assignment operator and can do so in ways that might at first seem a little
strange. For example, consider
The same variable
can occur on both
sides of the =

count = count + 10;

This does not mean that the value of count is equal to the value of count plus
10, which, of course, is impossible. Rather, the statement tells the computer to
add 10 to the old value of count and then make that the new value of count.
In effect, the statement will increase the value of count by 10. Remember that
when an assignment statement is executed, the computer first evaluates the
expression on the right side of the assignment operator and then makes that
result the new value of the variable on the left side of the assignment operator.
As another example, the following assignment statement will decrease the
value of eggsPerBasket by 2:
eggsPerBasket = eggsPerBasket − 2;

2.1 Variables and Expressions
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RECAP Assignment Statements Involving Primitive Types
An assignment statement that has a variable of a primitive type on
the left side of the equal sign causes the following action: First, the
expression on the right side of the equal sign is evaluated, and then the
variable on the left side of the equal sign is set to this value.
SYNTAX
Variable = Expression;

EXAMPLE
score = goals – errors;
interest = rate * balance;
number = number + 5;

■ PROGRAMMING TIP

Initialize Variables

A variable that has been declared, but that has not yet been given a value by
an assignment statement (or in some other way), is said to be uninitialized. If
the variable is a variable of a class type, it literally has no value. If the variable
has a primitive type, it likely has some default value. However, your program
will be clearer if you explicitly give the variable a value, even if you are simply
reassigning the default value. (The exact details on default values have been
known to change and should not be counted on.)
One easy way to ensure that you do not have an uninitialized variable is
to initialize it within the declaration. Simply combine the declaration and an
assignment statement, as in the following examples:
int count = 0;
double taxRate = 0.075;
char grade = 'A';
int balance = 1000, newBalance;

Note that you can initialize some variables and not initialize others in a
declaration.
Sometimes the compiler may complain that you have failed to initialize
a variable. In most cases, that will indeed be true. Occasionally, though, the
compiler is mistaken in giving this advice. However, the compiler will not
compile your program until you convince it that the variable in question is
initialized. To make the compiler happy, initialize the variable when you
declare it, even if the variable will be given another value before it is used for
anything. In such cases, you cannot argue with the compiler.
■

You can initialize
a variable when
you declare it

58

CHAPTER 2 / Basic Computation

RECAP Combining a Variable Declaration and an Assignment
You can combine the declaration of a variable with an assignment
statement that gives the variable a value.
SYNTAX
Type Variable_1 = Expression_1, Variable_2 = Expression_2,
. . .;

EXAMPLES
int numberSeen = 0, increment = 5;
double height = 12.34, prize = 7.3 + increment;
char answer = 'y';

Simple Input

Use the standard
class Scanner to
accept keyboard
input

In Listing 2.1, we set the values of the variables eggsPerBasket and
numberOfBaskets to specific numbers. It would make more sense to obtain the
values needed for the computation from the user, so that the program could be
run again with different numbers. Listing 2.2 shows a revision of the program
in Listing 2.1 that asks the user to enter numbers as input at the keyboard.
8FVTFUIFDMBTT Scanner, which Java supplies, to accept keyboard input.
Our program must import the definition of the Scanner class from the package
java.util. Thus, we begin the program with the following statement:
import java.util.Scanner;

The following line sets things up so that data can be entered from the keyboard:
Scanner keyboard = new Scanner(System.in);

This line must appear before the first statement that takes input from the
keyboard. That statement in our example is
eggsPerBasket = keyboard.nextInt();

This assignment statement gives a value to the variable eggsPerBasket. The
expression on the right side of the equal sign, namely
keyboard.nextInt()

reads one int value from the keyboard. The assignment statement makes this
int value the value of the variable eggsPerBasket, replacing any value that
UIFWBSJBCMFNJHIUIBWFIBE8IFOFOUFSJOHOVNCFSTBUUIFLFZCPBSE UIFVTFS
must either separate multiple numbers with one or more spaces or place each
number on its own line. Section 2.3 will explain such keyboard input in detail.
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LISTING 2.2 A Program with Keyboard Input
import java.util.Scanner;

Gets the Scanner class from
the package (library) java.util

public class EggBasket2
{
public static void main(String[] args)
{
int numberOfBaskets, eggsPerBasket, totalEggs;

Sets up things so the program

can accept keyboard input
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter the number of eggs in each basket:");
eggsPerBasket = keyboard.nextInt();
Reads one whole number
System.out.println("Enter the number of baskets:");
from the keyboard
numberOfBaskets = keyboard.nextInt();
totalEggs = numberOfBaskets * eggsPerBasket;
System.out.println("If you have");
System.out.println(eggsPerBasket + " eggs per basket and");
System.out.println(numberOfBaskets + " baskets, then");
System.out.println("the total number of eggs is " + totalEggs);
System.out.println("Now we take two eggs out of each basket.");
eggsPerBasket = eggsPerBasket - 2;
totalEggs = numberOfBaskets * eggsPerBasket;
System.out.println("You now have");
System.out.println(eggsPerBasket + " eggs per basket and");
System.out.println(numberOfBaskets + " baskets.");
System.out.println("The new total number of eggs is " + totalEggs);
}
}

Sample Screen Output
Enter the number of eggs in each basket:
6
Enter the number of baskets:
10
If you have
6 eggs per basket and
10 baskets, then
the total number of eggs is 60
Now we take two eggs out of each basket.
You now have
4 eggs per basket and
10 baskets.
The new total number of eggs is 40
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Simple Screen Output
Now we will give you a brief overview of screen output—just enough to allow
you to write and understand programs like the one in Listing 2.2. System is a
class that is part of the Java language, and out is a special object within that
class. The object out has println as one of its methods. It may seem strange
to write System.out.println to call a method, but that need not concern you
at this point. Chapter 6 will provide some details about this notation.
So
System.out.println(eggsPerBasket + "eggs per basket.");

displays the value of the variable eggsPerBasket followed by the phrase
eggs per basket. Notice that the ! symbol does not indicate arithmetic here. It
denotes another kind of “and.” You can read the preceding Java statement as
an instruction to display the value of the variable eggsPerBasket and then to
display the string "eggs per basket."
Section 2.3 will continue the discussion of screen output.

Constants

A constant does
not change in
value

A variable can have its value changed. That is why it is called a variable: Its
value varies. A number like 2 cannot change. It is always 2. It is never 3. In
Java, terms like 2 or 3.7 are called constants, or literals, because their values
do not change.
Constants need not be numbers. For example, 'A', 'B', and '$' are three
constants of type char. Their values cannot change, but they can be used in
an assignment statement to change the value of a variable of type char. For
example, the statement
firstInitial = 'B';

Java’s e notation
is like scientific
notation

changes the value of the char variable firstInitial to 'B'.
There is essentially only one way to write a constant of type char, namely,
by placing the character between single quotes. On the other hand, some
of the rules for writing numeric constants are more involved. Constants of
integer types are written the way you would expect them to be written, such
as 2, 3, 0, "3, or 752. An integer constant can be prefaced with a plus sign or
a minus sign, as in !12 and "72. Numeric constants cannot contain commas.
The number 1,000 is not correct in Java. Integer constants cannot contain a
decimal point. A number with a decimal point is a floating-point number.
Floating-point constant numbers may be written in either of two forms.
The simple form is like the everyday way of writing numbers with digits
after the decimal point. For example, 2.5 is a floating-point constant. The
other, slightly more complicated form is similar to a notation commonly used
in mathematics and the physical sciences, scientific notation. For instance,
consider the number 865000000.0. This number can be expressed more
clearly in the following scientific notation:
8.65 × 10^8

2.1 Variables and Expressions

Java has a similar notation, frequently called either e notation or floatingpoint notation. Because keyboards have no way of writing exponents, the 10 is
omitted and both the multiplication sign and the 10 are replaced by the letter e.
So in Java, 8.65 # 108 is written as 8.65e8. The e stands for exponent, since it is
followed by a number that is thought of as an exponent of 10. This form and the
less convenient form 865000000.0 are equivalent in a Java program. Similarly,
the number 4.83 # 10"4, which is equal to 0.000483, could be written in Java
as either 0.000483 or 4.83e-4. Note that you also could write this number as
0.483e-3 or 48.3e-5. Java does not restrict the position of the decimal point.
The number before the e may contain a decimal point, although it doesn’t
have to. The number after the e cannot contain a decimal point. Because
multiplying by 10 is the same as moving the decimal point in a number, you
can think of a positive number after the e as telling you to move the decimal
point that many digits to the right. If the number after the e is negative, you
move the decimal point that many digits to the left. For example, 2.48e4 is
the same number as 24800.0, and 2.48e-2 is the same number as 0.0248.
FAQ What is “floating” in a floating-point number?
Floating-point numbers got their name because, with the e notation
we just described, the decimal point can be made to “float” to a new
location by adjusting the exponent. You can make the decimal point in
0.000483 float to after the 4 by expressing this number as the equivalent
expression 4.83e-4. Computer language implementers use this trick to
store each floating-point number as a number with exactly one digit
before the decimal point (and some suitable exponent). Because the
implementation always floats the decimal point in these numbers, they
are called floating-point numbers. Actually, the numbers are stored
in another base, such as 2 or 16, rather than as the decimal (base 10)
numbers we used in our example, but the principle is the same.

FAQ Is there an actual difference between the constants 5 and
5.0?
The numbers 5 and 5.0 are conceptually the same number. But Java
considers them to be different. Thus, 5 is an integer constant of type
int, but 5.0 is a floating-point constant of type double. The number 5.0
contains a fractional part, even though the fraction is 0. Although you
might see the numbers 5 and 5.0 as having the same value, Java stores
them differently. Both integers and floating-point numbers contain a
finite number of digits when stored in a computer, but only integers
are considered exact quantities. Because floating-point numbers have a
fractional portion, they are seen as approximations.

61

VideoNote
Another sample program

62

CHAPTER 2 / Basic Computation

GOTCHA

Imprecision in Floating-Point Numbers

Floating-point numbers are stored with a limited amount of precision and so
are, for all practical purposes, only approximate quantities. For example, the
fraction one third is equal to
0.3333333 . . .

where the three dots indicate that the 3s go on forever. The computer stores
numbers in a format somewhat like the decimal representation on the
previously displayed line, but it has room for only a limited number of digits.
If it can store only ten digits after the decimal, then one third is stored as
0.3333333333 (and no more 3s)

This number is slightly smaller than one third and so is only approximately
equal to one third. In reality, the computer stores numbers in binary notation,
rather than in base 10, but the principles are the same and the same sorts of
things happen.
Not all floating-point numbers lose accuracy when they are stored in the
computer. Integral values like 29.0 can be stored exactly in floating-point
notation, and so can some fractions like one half. Even so, we usually will not
LOPXXIFUIFSBGMPBUJOHQPJOUOVNCFSJTFYBDUPSBOBQQSPYJNBUJPO8IFO
in doubt, assume that floating-point numbers are stored as approximate
quantities.
■

Named Constants
Java provides a mechanism that allows you to define a variable, initialize it,
and moreover fix the variable’s value so that it cannot be changed. The syntax is
Name important
constants

public static final Type Variable = Constant;

For example, we can give the name PI to the constant 3.14159 as follows:
public static final double PI = 3.14159;

You can simply take this as a long, peculiarly worded way of giving a name
(like PI) to a constant (like 3.14159), but we can explain most of what is on
this line. The part
double PI = 3.14159;

simply declares PI as a variable and initializes it to 3.14159. The words that
precede this modify the variable PI in various ways. The word public says
that there are no restrictions on where you can use the name PI. The word
static will have to wait until Chapter 6 for an explanation; for now, just be
sure to include it. The word final means that the value 3.14159 is the final
value assigned to PI or, to phrase it another way, that the program is not
allowed to change the value of PI.

2.1 Variables and Expressions

The convention for naming constants is to use all uppercase letters, with
an underscore symbol _ between words. For example, in a calendar program,
you might define the following constant:
public static final int DAYS_PER_WEEK = 7;

Although this convention is not required by the definition of the Java
language, most programmers adhere to it. Your programs will be easier to read
if you can readily identify variables, constants, and so forth.

RECAP Named Constants
To define a name for a constant, write the keywords public static
final in front of a variable declaration that includes the constant as the
initializing value. Place this declaration within the class definition but
outside of any method definitions, including the main method.
SYNTAX
public static finalType Variable = Constant;

EXAMPLES
public static final int MAX_STRIKES = 3;
public static final double MORTGAGE_INTEREST_RATE = 6.99;
public static final String MOTTO =
"The customer is right!";
public static final char SCALE = 'K';

Although it is not required, most programmers spell named constants
using all uppercase letters, with an underscore to separate words.

Assignment Compatibilities
As the saying goes, “You can’t put a square peg in a round hole,” and you
can’t put a double value like 3.5 in a variable of type int. You cannot even
put the double value 3.0 in a variable of type int. You cannot store a value of
one type in a variable of another type unless the value is somehow converted
to match the type of the variable. However, when dealing with numbers, this
conversion will sometimes—but not always—be performed automatically for
you. The conversion will always be done when you assign a value of an integer
type to a variable of a floating-point type, such as
double doubleVariable = 7;
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Slightly more subtle assignments, such as the following, also perform the
conversion automatically:
int intVariable = 7;
double doubleVariable = intVariable;
A value can be
assigned to a
variable whose
type allows more
precision

More generally, you can assign a value of any type in the following list to a
variable of any type that appears further down in the list:
byte → short → int → long → float → double

For example, you can assign a value of type long to a variable of type float
or to a variable of type double (or, of course, to a variable of type long), but
you cannot assign a value of type long to a variable of type byte, short, or
int. Note that this is not an arbitrary ordering of the types. As you move
down the list from left to right, the types become more precise, either because
they allow larger values or because they allow decimal points in the numbers.
Thus, you can store a value into a variable whose type allows more precision
than the type of the value allows.
In addition, you can assign a value of type char to a variable of type int or
to any of the numeric types that follow int in our list of types. This particular
assignment compatibility will be important when we discuss keyboard input.
However, we do not advise assigning a value of type char to a variable of type
int except in certain special cases.2
If you want to assign a value of type double to a variable of type int, you
must change the type of the value using a type cast, as we explain in the next
section.

RECAP Assignment Compatibilities
You can assign a value of any type on the following list to a variable of
any type that appears further down on the list:
byte → short → int → long → float → double

In particular, note that you can assign a value of any integer type to a
variable of any floating-point type.
It is also legal to assign a value of type char to a variable of type int
or to any of the numeric types that follow int in our list of types.

Readers who have used certain other languages, such as C or C++, may be surprised
to learn that you cannot assign a value of type char to a variable of type byte. This is
because Java reserves two bytes of memory for each value of type char but naturally
reserves only one byte of memory for values of type byte.
2

2.1 Variables and Expressions
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Type Casting
The title of this section has nothing to do with the Hollywood notion of
typecasting. In fact, it is almost the opposite. In Java—and in most
programming languages—a type cast changes the data type of a value from its
normal type to some other type. For example, changing the type of the value
2.0 from double to int involves a type cast. The previous section described
when you can assign a value of one type to a variable of another type and
have the type conversion occur automatically. In all other cases, if you want
to assign a value of one type to a variable of another type, you must perform a
type cast. Let’s see how this is done in Java.
Suppose you have the following:
double distance = 9.0;
int points = distance;

This assignment is illegal.

As the note indicates, the last statement is illegal in Java. You cannot assign a
value of type double to a variable of type int, even if the value of type double
happens to have all zeros after the decimal point and so is conceptually a
whole number.
In order to assign a value of type double to a value of type int, you
must place (int) in front of the value or the variable holding the value. For
example, you can replace the preceding illegal assignment with the following
and get a legal assignment:
intpoints = (int)distance;

This assignment is legal.

The expression (int)distance is called a type cast. Neither distance
nor the value stored in distance is changed in any way. But the value
stored in points is the “int version” of the value stored in distance.
If the value of distance is 25.36, the value of (int)distance is 25. So
points contains 25, but the value of distance is still 25.36. If the value
of distance is 9.0, the value assigned to points is 9, and the value of
distance remains unchanged.
An expression like (int) 25.36 or (int)distance is an expression that
produces an int value. A type cast does not change the value of the source
variable. The situation is analogous to computing the number of (whole)
dollars you have in an amount of money. If you have $25.36, the number of
dollars you have is 25. The $25.36 has not changed; it has merely been used
to produce the whole number 25.
For example, consider the following code:
double dinnerBill = 25.36;
int dinnerBillPlusTip = (int)dinnerBill + 5;
System.out.println("The value of dinnerBillPlusTip is " +
dinnerBillPlusTip);

A type cast
changes the data
type of a value
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Truncation
discards the
fractional part

The expression (int)dinnerBill produces the value 25, so the output of this
code would be
The value of dinnerBillPlusTip is 30

But the variable dinnerBill still contains the value 25.36.
Be sure to note that when you type cast from a double to an int—or from
any floating-point type to any integer type—the amount is not rounded. The
part after the decimal point is simply discarded. This is known as truncating.
For example, the following statements
double dinnerBill = 26.99;
int numberOfDollars = (int)dinnerBill;

set numberOfDollars to 26, not 27. The result is not rounded.
As we mentioned previously, when you assign an integer value to a variable
of a floating-point type—double, for example—the integer is automatically
type cast to the type of the variable. For example, the assignment statement
double point = 7;

is equivalent to
double point = (double)7;

The type cast (double) is implicit in the first version of the assignment. The
second version, however, is legal.

RECAP Type Casting
In many situations, you cannot store a value of one type in a variable
of another type unless you use a type cast that converts the value to an
equivalent value of the target type.
SYNTAX
(Type_Name)Expression

EXAMPLES
double guess = 7.8;
int answer = (int)guess;

The value stored in answer will be 7. Note that the value is truncated, not
rounded. Note also that the variable guess is not changed in any way;
it still contains 7.8. The last assignment statement affects only the value
stored in answer.

2.1 Variables and Expressions

■ PROGRAMMING TIP

Type Casting a Character to an Integer

Java sometimes treats values of type char as integers, but the assignment of
integers to characters has no connection to the meaning of the characters. For
example, the following type cast will produce the int value corresponding to
the character '7':
char symbol = '7';
System.out.println((int)symbol);

You might expect the preceding to display 7, but it does not. It displays the
number 55. Java, like all other programming languages, uses an arbitrary
numbering of characters to encode them. Thus, each character corresponds
to an integer. In this correspondence, the digits 0 through 9 are characters
just like the letters or the plus sign. No effort was made to have the digits
correspond to their intuitive values. Basically, they just wrote down all the
characters and then numbered them in the order they were written down.
The character '7' just happened to get 55. This numbering system is called
UIF6OJDPEFTZTUFN XIJDIXFEJTDVTTMBUFSJOUIFDIBQUFS*GZPVIBWFIFBSE
PGUIF"4$**OVNCFSJOHTZTUFN UIF6OJDPEFTZTUFNJTUIFTBNFBTUIF"4$**
system for the characters in the English language.
■

S E L F-TE S T QU E S TIO N S
  8IJDIPGUIFGPMMPXJOHNBZCFVTFEBTWBSJBCMFOBNFTJO+BWB
rate1, 1stPlayer, myprogram.java, long, TimeLimit,
numberOfWindows

2. Can a Java program have two different variables with the names aVariable
and avariable?
3. Give the declaration for a variable called count of type int. The variable
should be initialized to zero in the declaration.
4. Give the declaration for two variables of type double. The variables are to
be named rate and time. Both variables should be initialized to zero in
the declaration.
  8SJUF UIF EFDMBSBUJPO GPS UXP WBSJBCMFT DBMMFE miles and flowRate.
%FDMBSF UIF WBSJBCMF miles to be of type int and initialize it to zero in
UIFEFDMBSBUJPO%FDMBSFUIFWBSJBCMF flowRate to be of type double and
initialize it to 50.56 in the declaration.
  8IBUJTUIFOPSNBMTQFMMJOHDPOWFOUJPOGPSOBNFEDPOTUBOUT
7. Give a definition for a named constant for the number of hours in a day.
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  8SJUFB+BWBBTTJHONFOUTUBUFNFOUUIBUXJMMTFUUIFWBMVFPGUIFWBSJBCMF
interest to the value of the variable balance multiplied by 0.05.
 8SJUFB+BWBBTTJHONFOUTUBUFNFOUUIBUXJMMTFUUIFWBMVFPGUIFWBSJBCMF
interest to the value of the variable balance multiplied by the value of
the variable rate. The variables are of type double.
 8SJUF B +BWB BTTJHONFOU TUBUFNFOU UIBU XJMM JODSFBTF UIF WBMVF PG UIF
variable count by 3. The variable is of type int.
 8IBUJTUIFPVUQVUQSPEVDFECZUIFGPMMPXJOHMJOFTPGQSPHSBNDPEF
char a, b;
a = 'b';
System.out.println(a);
b = 'c';
System.out.println(b);
a = b;
System.out.println(a);

12. In the Programming Tip entitled “Type Casting a Character to an Integer,”
you saw that the following does not display the integer 7:
char symbol = '7';
System.out.println((int)symbol);

Thus, (int)symbol does not produce the number corresponding to the
digit in symbol. Can you write an expression that will work to produce
the integer that intuitively corresponds to the digit in symbol, assuming
that symbol contains one of the ten digits 0 through 9? (Hint: The digits
do correspond to consecutive integers, so if (int)'7' is 55, then (int)'8'
is 56.)

Arithmetic Operators

An arithmetic
expression
combines
operands,
operators, and
parentheses

In Java, you can perform arithmetic involving addition, subtraction,
multiplication, and division by using the arithmetic operators !, ", *, and
/, respectively. You indicate arithmetic in basically the same way that you do
in ordinary arithmetic or algebra. You can combine variables or numbers—
known collectively as operands—with these operators and parentheses to
form an arithmetic expression. Java has a fifth arithmetic operator, %, that
we will define shortly.
The meaning of an arithmetic expression is basically what you expect it to
be, but there are some subtleties about the type of the result and, occasionally,
even about the value of the result. All five of the arithmetic operators can be
used with operands of any of the integer types, any of the floating-point types,
and even with operands of differing types. The type of the value produced
depends on the types of the operands being combined.

2.1 Variables and Expressions

Let’s start our discussion with simple expressions that combine only two
operands, that is, two variables, two numbers, or a variable and a number.
If both operands are of the same type, the result is of that type. If one of the
operands is of a floating-point type and the other is of an integer type, the
result is of the floating-point type.
For example, consider the expression
amount + adjustment

If the variables amount and adjustment are both of type int, the result—that
is, the value returned by the operation—is of type int. If either amount or
adjustment, or both, are of type double, the result is of type double. If you
replace the addition operator, !, with any of the operators ", *, /, or %, the
type of the result is determined in the same way.
Larger expressions using more than two operands can always be viewed as
a series of steps, each of which involves only two operands. For example, to
evaluate the expression
balance + (balance * rate)

you (or the computer) evaluate balance * rate and obtain a number, and
then you form the sum of that number and balance. This means that the same
rule we used to determine the type of an expression containing two operands
can also be used for more complicated expressions: If all of the items being
combined are of the same type, the result is of that type. If some of the items
being combined are of integer types and some are of floating-point types, the
result is of a floating-point type.
Knowing whether the value produced has an integer type or a floatingpoint type is typically all that you need to know. However, if you need to
know the exact type of the value produced by an arithmetic expression, you
can find out as follows: The type of the result produced is one of the types
used in the expression. Of all the types used in the expression, it is the one
that appears rightmost in the following list:
byte → short → int → long → float → double

Note that this is the same sequence as the one used to determine automatic
type conversions.
The division operator (/) deserves special attention, because the type of
UIFSFTVMUDBOBGGFDUUIFWBMVFQSPEVDFEJOBESBNBUJDXBZ8IFOZPVDPNCJOF
two operands with the division operator and at least one of the operands is
of type double—or of some other floating-point type—the result is what you
would normally expect of a division. For example, 9.0/2 has one operand
of type double, namely, 9.0. Hence, the result is the type double number
4.5. However, when both operands are of an integer type, the result can be
surprising. For example, 9/2 has two operands of type int, so it yields the
type int result 4, not 4.5. The fraction after the decimal point is simply lost.
Be sure to notice that when you divide two integers, the result is not rounded;

69

Operands in
an arithmetic
expression can
have mixed data
types
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Integer division
truncates the
result

The % operator
gets the
remainder after
division

the part after the decimal point is discarded—that is, truncated—no matter
how large it is. So 11/3 is 3, not 3.6666. . . . Even if the fractional portion
after the decimal point is zero, that decimal point and zero are still lost.
Surprisingly, this seemingly trivial difference can be of some significance.
For example, 8.0/2 evaluates to the type double value 4.0, which is only an
approximate quantity. However, 8/2 evaluates to the int value 4, which is an
exact quantity. The approximate nature of 4.0 can affect the accuracy of any
further calculation that is performed using this result.
Java’s fifth arithmetic operator is the remainder operator, or modulus
operator,EFOPUFECZ8IFOZPVEJWJEFPOFOVNCFSCZBOPUIFS ZPVHFU
a result (which some call a quotient) and a remainder—that is, the amount
left over. The % operator gives you the remainder. Typically, the % operator
is used with operands of integer types to recover something equivalent to the
fraction after the decimal point. For example, 14 divided by 4 yields 3 with a
remainder of 2, that is, with 2 left over. The % operation gives the remainder
after doing the division. So 14/4 evaluates to 3, and 14 % 4 evaluates to 2,
because 14 divided by 4 is 3 with 2 left over.
The % operator has more applications than you might at first suspect. It
allows your program to count by 2s, 3s, or any other number. For example,
if you want to perform a certain action only on even integers, you need to
know whether a given integer is even or odd. An integer n is even if n % 2
is equal to 0, and the integer is odd if n % 2 is equal to 1. Similarly, if you
want your program to do something with every third integer, you can have it
step through all the integers, using an int variable n to store each one. Your
program would then perform the action only when n % 3 is equal to 0.

FAQ How does the % operator behave with floating-point
numbers?
The remainder operator is usually used with integer operands, but Java
does allow you to use it with floating-point operands. If n and d are
floating-point numbers, n % d equals n − (d *q), where q is the integer
portion of n /d. Note that the sign of q is the same as the sign of n / d. For
example, 6.5 % 2.0 is 0.5, −6.5 % 2.0 is −0.5, and 6.5 % -2.0 is 0.5.

Finally, notice that sometimes we use ! and " as the sign of a number,
while at other times ! and " indicate addition and subtraction. In fact, Java
always treats ! and " as operators. A unary operator is an operator that has
only one operand (one thing that it applies to), such as the operator " in the
assignment statement
bankBalance = -cost;

2.1 Variables and Expressions

A binary operator has two operands, such as the operators ! and * in
total = cost + (tax * discount);

Note that the same operator symbol can sometimes be used as both a unary
operator and a binary operator. For example, the " and ! symbols can serve
as either binary or unary operators.

FAQ Do spaces matter in an arithmetic expression?
The spaces in any Java statement usually do not matter. The only
exception is when spaces appear within a pair of double quotes or
single quotes. However, adding spaces in other situations can make
a Java statement easier to read. For example, you should add a space
both before and after any binary operator, as we have done in our
examples.

Parentheses and Precedence Rules
Parentheses can be used to group items in an arithmetic expression in the
TBNF XBZ UIBU ZPV VTF QBSFOUIFTFT JO BMHFCSB BOE BSJUINFUJD 8JUI UIF BJE
of parentheses, you can tell the computer which operations to perform first,
second, and so forth. For example, consider the following two expressions
that differ only in the positioning of their parentheses:
(cost + tax) * discount
cost + (tax * discount)

To evaluate the first expression, the computer first adds cost and tax and
then multiplies the result by discount. To evaluate the second expression, it
multiplies tax and discount and then adds the result to cost. If you evaluate
these expressions, using some numbers for the values of the variables, you will
see that they produce different results.
If you omit the parentheses, the computer will still evaluate the expression.
For example, the following assignment statement
total = cost + tax * discount;

is equivalent to
total = cost + (tax * discount);

8IFOQBSFOUIFTFTBSFPNJUUFE UIFDPNQVUFSQFSGPSNTNVMUJQMJDBUJPOCFGPSF
addition. More generally, when the order of operations is not determined by
parentheses, the computer will perform the operations in an order specified by
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FIGURE 2.2 Precedence Rules

Highest Precedence

First: the unary operators +, -, !, ++, and -Second: the binary arithmetic operators *, /, and %
Third: the binary arithmetic operators + and
Lowest Precedence

Precedence rules
and parentheses
determine
the order of
operations

the precedence rules shown in Figure 2.2.3 Operators that are higher on the
list are said to have higher precedence.8IFOUIFDPNQVUFSJTEFDJEJOHXIJDI
of two operations to perform first and the order is not dictated by parentheses,
it begins with the operation having higher precedence and then performs
the one having lower precedence. Some operators have equal precedence,
in which case the order of operations is determined by where the operators
appear in the expression. Binary operators of equal precedence are performed
JO MFGUUPSJHIU PSEFS 6OBSZ PQFSBUPST PG FRVBM QSFDFEFODF BSF QFSGPSNFE JO
right-to-left order.
These precedence rules are similar to the rules used in algebra. Except for some
very standard cases, it is best to include the parentheses, even if the intended order
of operations is the one indicated by the precedence rules, because the parentheses
can make the expression clearer to a person reading the program code. Too many
unnecessary parentheses can have the opposite effect, however. One standard case in
which it is normal to omit parentheses is a multiplication within an addition. Thus,
balance = balance + (interestRate * balance);

would usually be written
VideoNote
Writing arithmetic
expressions and statements

balance = balance + interestRate * balance;

Both forms are acceptable, and the two forms have the same meaning.
Figure 2.3 shows some examples of how to write arithmetic expressions in
Java and indicates in color some of the parentheses that you can normally omit.

Specialized Assignment Operators
You can precede the simple assignment operator ($) with an arithmetic
operator, such as !, to produce a kind of special-purpose assignment operator.

3
Figure 2.2 shows all the operators we will use in this chapter. More precedence rules
will be given in Chapter 3, and an even more complete list of precedence rules is given
on an inside cover of the book.

2.1 Variables and Expressions
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FIGURE 2.3 Some Arithmetic Expressions in Java
Ordinary Math

Java (Preferred Form)

Java (Parenthesized)

rate + delta

rate * rate + delta

(rate * rate) + delta

2 ( salary + bonus )

2 * (salary + bonus)

2 * (salary + bonus)

1 / (time + 3 * mass)

1 / (time + (3 * mass))

(a – 7) / (t + 9 * v)

(a – 7) / (t + (9 * v))

2

1
---------------------------------time + 3mass
a–7
-------------t + 9v

For example, the following will increase the value of the variable amount
by 5:
amount += 5;

This statement is really just shorthand for
amount = amount + 5;

This is hardly a big deal, but it can sometimes be handy.
You can do the same thing with any of the other arithmetic operators, −, *, /,
and %. For example, you could replace the line
amount = amount * 25;

with
amount *= 25;

Although you might not care to use these special assignment operators
right now, many Java programmers do use them, so you are likely to encounter
them in other programmers’ code.

S E L F-TE S T QU E S TIO N S
 8IBUJTUIFPVUQVUQSPEVDFECZUIFGPMMPXJOHMJOFTPGQSPHSBNDPEF
int quotient = 7 / 3;
int remainder = 7 % 3;
System.out.println("quotient = " + quotient);
System.out.println("remainder = " + remainder);

 8IBUJTUIFPVUQVUQSPEVDFECZUIFGPMMPXJOHMJOFTPGQSPHSBNDPEF
double result = (1 / 2) * 2;
System.out.println("(1 / 2) * 2 equals " + result);

You can combine
an arithmetic
operator with =
as a shorthand
notation
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 8IBUJTUIFPVUQVUQSPEVDFECZUIFGPMMPXJOHDPEF
int result = 3 * 7 % 3 - 4 - 6;
System.out.println("result is " + result);

 8IBUJTUIFPVUQVUQSPEVDFECZUIFGPMMPXJOHDPEF
int result = 11;
result /= 2;
System.out.println("result is " + result);

CASE STUDY Vending Machine Change

Specify the task

Write down a
sample dialogue
with the user

Vending machines often have small computers to control their operation.
In this case study, we will write a program that handles one of the tasks
that such a computer would need to perform. The input and output will
be performed via the keyboard and screen. To integrate this program into a
vending machine computer, you would have to embed the code into a larger
program that takes its data from someplace other than the keyboard and
sends its results to someplace other than the screen, but that’s another story.
In this case study, the user enters an amount of change from 1 to 99 cents. The
program responds by telling the user one combination of coins that equals
that amount of change.
For example, if the user enters 55 for 55 cents, the program tells the user
that 55 cents can be given as two quarters and one nickel—that is, two 25-cent
coins and one 5-cent coin. Suppose we decide that the interaction between the
user and the program should be like this:
Enter a whole number from 1 to 99.
I will find a combination of coins
that equals that amount of change.
87
87 cents in coins:
3 quarters
1 dime
0 nickels and
2 pennies

Actually writing a sample dialogue, as we did here, before coding the program
will help us to solve our problem.
The program will need variables to store the amount of change and the
number of each type of coin. So it will need at least the following variables:
int amount, quarters, dimes, nickels, pennies;

Pseudocode (first
try)

That takes care of some routine matters; now we are ready to tackle the heart
of the problem.
8F OFFE BO BMHPSJUIN UP DPNQVUF UIF OVNCFS PG FBDI LJOE PG DPJO
Suppose we come up with the following pseudocode:

2.1 Variables and Expressions

Algorithm to compute the number of coins in amount cents:

1. Read the amount into the variable amount.
2. Set the variable quarters equal to the maximum number of quarters in amount.
3. Reset amount to the change left after giving out that many quarters.
4. Set the variable dimes equal to the maximum number of dimes in amount.
5. Reset amount to the change left after giving out that many dimes.
6. Set the variable nickels equal to the maximum number of nickels in amount.
7. Reset amount to the change left after giving out that many nickels.
8. pennies = amount;
  %JTQMBZUIFPSJHJOBMBNPVOUBOEUIFOVNCFSTPGFBDIDPJO
These steps look reasonable, but before we rush into code, let’s try an
example. If we have 87 cents, we set amount to 87. How many quarters are
in 87? Three, so quarters becomes 3, and we have 87 − 3 * 25, or 12, cents
left in amount8FFYUSBDUPOFEJNFBOEBSFMFGUXJUIDFOUTJOamount. Thus,
dimes is 1, nickels is 0, and pennies is 2.
-FUTEJTQMBZPVSSFTVMUT)PXNVDIEJEXFIBWFPSJHJOBMMZ 8FMPPLJOamount
BOEGJOE8IBUIBQQFOFEUPPVS 5IFBMHPSJUINDIBOHFTUIFWBMVFPGamount,
but we need the original amount at the end so that we can display it. To fix the
algorithm, we could either display the original value in amount before we change
it or copy the original value into one more variable—called originalAmount. If
we choose the latter approach, we can modify our pseudocode as follows:
Algorithm to compute the number of coins in amount cents:

1. Read the amount into the variable amount.
2. originalAmount = amount;
3. Set the variable quarters equal to the maximum number of quarters in amount.
4. Reset amount to the change left after giving out that many quarters.
5. Set the variable dimes equal to the maximum number of dimes in amount.
6. Reset amount to the change left after giving out that many dimes.
7. Set the variable nickels equal to the maximum number of nickels in amount.
8. Reset amount to the change left after giving out that many nickels.
9. pennies = amount;
 %JTQMBZoriginalAmount and the numbers of each coin.
8F OPX OFFE UP QSPEVDF +BWB DPEF UIBU EPFT UIF TBNF UIJOH BT PVS
pseudocode. Much of it is routine. The first line of pseudocode simply calls for

Pseudocode
(revised)
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Convert the
pseudocode to
Java code

prompting the user and then reading input from the keyboard. The following
Java code corresponds to this first line of pseudocode:
System.out.println("Enter a whole number from 1 to 99.");
System.out.println("I will find a combination of coins");
System.out.println("that equals that amount of change.");
Scanner keyboard = new Scanner(System.in);
amount = keyboard.nextInt();

The next line of pseudocode, which sets the value of originalAmount, is
already Java code, so you need not do any translating.
Thus far, the main part of our program reads as follows:
public static void main(String[] args)
{
int amount, originalAmount,
quarters, dimes, nickels, pennies;
System.out.println("Enter a whole number from 1 to 99.");
System.out.println("I will find a combination of coins");
System.out.println("that equals that amount of change.");
Scanner keyboard = new Scanner(System.in);
amount = keyboard.nextInt();
originalAmount = amount;

Next, we need to translate the following to Java code:
3. Set the variable quarters equal to the maximum number of quarters in amount.
4. Reset amount to the change left after giving out that many quarters.
Let’s think. In our earlier example, we had 87 cents. To get the number of
quarters in 87 cents, we see how many times 25 goes into 87. That is, we divide
87 by 25 to get 3 with 12 left over. So quarters is 3. Since the remainder, 12, is
MFTTUIBO XFEPOUIBWFGPVSRVBSUFSTJODFOUT POMZUISFF"I8FSFBMJ[F
that we can use the operators / and % for this kind of division. For example,
Use / and % with
integers to solve
our problem

87 / 25 is 3 (the maximum number of 25s in 87)
87 % 25 is 12 (the remainder)

6TJOHamount instead of 87 gives us the following two statements:
quarters = amount / 25;
amount = amount % 25;

8FDBOUSFBUEJNFTBOEOJDLFMTJOBTJNJMBSXBZ TPXFHFUUIFGPMMPXJOHDPEF
dimes = amount / 10;
amount = amount % 10;
nickels = amount / 5;
amount = amount % 5;

The rest of the program coding is straightforward. Our final program is shown
in Listing 2.3.

2.1 Variables and Expressions

LISTING 2.3 A Change-Making Program
import java.util.Scanner;
public class ChangeMaker
{
public static void main(String[] args)
{
int amount, originalAmount,
quarters, dimes, nickels, pennies;
System.out.println("Enter a whole number from 1 to 99.");
System.out.println("I will find a combination of coins");
System.out.println("that equals that amount of change.");
Scanner keyboard = new Scanner(System.in);
amount = keyboard.nextInt();
originalAmount = amount;
quarters = amount / 25;
amount = amount % 25;
dimes = amount / 10;
amount = amount % 10;
nickels = amount / 5;
amount = amount % 5;
pennies = amount;

25 goes into 87 three times
with 12 left over.
87 / 25 is 3.
87 % 25 is 12.
87 cents is three quarters
with 12 cents left over.

System.out.println(originalAmount +
" cents in coins can be given as:");
System.out.println(quarters + " quarters");
System.out.println(dimes + " dimes");
System.out.println(nickels + " nickels and");
System.out.println(pennies + " pennies");
}
}

Sample Screen Output
Enter a whole number from 1 to 99.
I will find a combination of coins
that equals that amount of change.
87
87 cents in coins can be given as:
3 quarters
1 dimes
0 nickels and
2 pennies
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Test your
program using
data that
produces as many
different kinds of
results as you can
think of

After writing a program, you need to test it on a number of different
kinds of data. For our program, we should try data values that give zero for
all possible coins, as well as other data, such as 25 and 26 cents, that produce
results ranging from all quarters to quarters and another coin. For example,
we could test our program on each of the following inputs: 0, 4, 5, 6, 10, 11,
25, 26, 35, 55, 65, 75, 76, and a number of other cases.
Although all our tests will be successful, the output does not exactly use
correct grammar. For example, an input of 26 cents produces the output
26 cents in coins:
1 quarters
0 dimes
0 nickels and
1 pennies

The numbers are correct, but the labels would be better if they said
1 quarter instead of 1 quarters and 1 penny instead of 1 pennies. The

techniques you need to produce this nicer-looking output will be presented in
the next chapter. For now, let’s end this project here. The output is correct and
understandable.

■ PROGRAMMING TIP

The Basic Structure of a Program

Many application programs, including the one we just wrote in the previous
case study, have a similar basic structure. Their fundamental steps are like the
BEWJDFPODFHJWFOUPQVCMJDTQFBLFSTCZ%BMF$BSOFHJF o i5FMMUIF
audience what you’re going to say, say it; then tell them what you’ve said.”
Programs often take the following steps:
1.
2.
3.
4.

PSFQBSF%FDMBSFWBSJBCMFTBOEFYQMBJOUIFQSPHSBNUPUIFVTFS
Input: Prompt for and get input from the user.
Process: Perform the task at hand.
OVUQVU%JTQMBZUIFSFTVMUT

This structure, which we can abbreviate as PIPO, is particularly true of our
initial programs. Keeping these steps in mind can help you to organize your
thoughts as you design and code your programs.
■

S E L F -TE S T QU ESTI ON
17. Consider the following statement from the program in Listing 2.3:
System.out.println(originalAmount +
" cents in coins can be given as:");

2.1 Variables and Expressions

Suppose that you replaced the preceding line with the following:
System.out.println(amount +
"cents in coins can be given as:");

How would this change the sample output given in Listing 2.3?

Increment and Decrement Operators
Java has two special operators that are used to increase or decrease the value
of a variable by 1. Since these operators are so specialized, both you and Java
could easily get along without them. But they are sometimes handy, and they
are of cultural significance because programmers use them. So to be “in the
club,” you should know how they work, even if you do not want to use them
in your own programs.
The increment operator is written as two plus signs (++). For example,
the following will increase the value of the variable count by 1:

Increment
operator ++

count++;

This is a Java statement. If the variable count has the value 5 before this
statement is executed, it will have the value 6 after the statement is executed.
The statement is equivalent to
count = count + 1;

The decrement operator is similar, except that it subtracts 1 rather than adds
1 to the value of the variable. The decrement operator is written as two minus
signs (−-). For example, the following will decrease the value of the variable
count by 1:
count−−;

If the variable count has the value 5 before this statement is executed, it will
have the value 4 after the statement is executed. The statement is equivalent
to
count = count − 1;

You can use the increment operator and the decrement operator with variables
of any numeric type, but they are used most often with variables of integer
types, such as the type int.
As you can see, the increment and decrement operators are really very
TQFDJBMJ[FE8IZEPFT+BWBIBWFTVDITQFDJBMJ[FEPQFSBUPST *UJOIFSJUFEUIFN
from C++, and C++ inherited them from C. In fact, this increment operator is
where the ++ came from in the name of the C++QSPHSBNNJOHMBOHVBHF8IZ
was it added to the C and C++ languages? Because adding or subtracting 1 is a
very common thing to do when programming.

Decrement
operator − −
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More About the Increment and
Decrement Operators

Be careful if you
use the operators
++ and −− in
expressions

Although we do not recommend doing so, the increment and decrement
PQFSBUPST DBO CF VTFE JO FYQSFTTJPOT 8IFO VTFE JO BO FYQSFTTJPO  UIFTF
operators both change the value of the variable they are applied to and return,
or produce, a value.
In expressions, you can place the ++ or −- either before or after the
variable, but the meaning is different, depending on where the operator is
placed. For example, consider the code
int n = 3;
int m = 4;
int result = n * (++m);

After this code is executed, the value of n is unchanged at 3, the value of m is
5, and the value of result is 15. Thus, ++m both changes the value of m and
returns that changed value to be used in the arithmetic expression.
In the previous example, we placed the increment operator before
the variable. If we place it after the variable m, something slightly different
happens. Consider the code
int n = 3;
int m = 4;
int result = n * (m++);

In this case, after the code is executed, the value of n is 3 and the value of m is
5, just as in the previous case, but the value of resultJT OPU8IBUJT
the story?
The two expressions n*(++m) and n*(m++) both increase the value of
m by 1, but the first expression increases the value of m before it does the
multiplication, whereas the second expression increases the value of m after it
does the multiplication. Both ++m and m++ have the same effect on the final
value of m, but when you use them as part of an arithmetic expression, they
give a different value to the expression.
The −− operator works in the same way when it is used in an arithmetic
expression. Both --m and m-− have the same effect on the final value of m, but
when you use them as part of an arithmetic expression, they give a different
value to the expression. For −-m, the value of m is decreased before its value is
used in the expression, but for m-−, the value of m is decreased after its value is
used in the expression.
8IFO BO JODSFNFOU PS EFDSFNFOU PQFSBUPS JT QMBDFE CFGPSF B WBSJBCMF 
we get what is called the prefix form.8IFOJUJTQMBDFEBGUFSBWBSJBCMF XF
get a postfix form. Note that the increment and decrement operators can be
applied only to variables. They cannot be applied to constants or to more
complicated arithmetic expressions.

2.2 The Class String
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S E L F-TE S T QU E S TIO N
 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHMJOFTPGQSPHSBNDPEF
int n = 2;
n++;
System.out.println("n is " + n);
n——;
System.out.println("n is " + n);

2.2 THE CLASS String
string n. 1. A cord usually made of fiber, used for fastening, tying, or lacing.
. . . 4. A set of objects threaded together. . . . 6. Computer Science. A set of
consecutive characters.
—THE AMERICAN HERITAGE DICTIONARY OF THE ENGLISH LANGUAGE, FOURTH EDITION*

Words, words, mere words, no matter from the heart.
—WILLIAM SHAKESPEARE, TROILUS AND CRESSIDA

Strings of characters, such as "Enter the amount:" are treated slightly differently than values of the primitive types. Java has no primitive type for strings.
However, Java supplies a class called String that can be used to create and
process strings of characters. In this section, we introduce you to the class String.
Classes are central to Java, and you will soon define and use your own classes.
However, this discussion of the class String gives us an opportunity to review
some of the notation and terminology used for classes that Chapter 1 introduced.

String Constants and Variables
You have already been using constants of type String. The quoted string
"Enter a whole number from 1 to 99."

which appears in the following statement from the program in Listing 2.3, is
a string constant:
System.out.println("Enter a whole number from 1 to 99.");

A value of type String is one of these quoted strings. That is, a value of type
String is a sequence of characters treated as a single item. A variable of type
String can name one of these string values.
The following declares greeting to be the name for a String variable:
String greeting;

'VMMBOEQBSUJBMEJDUJPOBSZFOUSJFTGSPN5)&".&3*$"/)&3*5"(&%*$5*0/"3:0'
5)&&/(-*4)-"/(6"(&$PQZSJHIUªCZ)PVHIUPO.JGGMJO)BSDPVSU1VCMJTIJOH
Company. Adapted and reproduced by permission from THE AMERICAN HERITAGE
%*$5*0/"3:0'5)&&/(-*4)-"/(6"(& 'PVSUI&EJUJPO

The class String
comes with Java
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The next statement sets the value of greeting to the String value "Hello!":
greeting = "Hello!";

These two statements are often combined into one, as follows:
String greeting = "Hello!";

Once a String variable, such as greeting, has been given a value, you can
display it on the screen as follows:
System.out.println(greeting);

This statement displays
Hello!

assuming that the value of greeting has been set as we just described.
A string can have any number of characters. For example, "Hello" has
five characters. A string can even have zero characters. Such a string is called
the empty string and is written as a pair of adjacent double quotes, like so:"".
You will encounter the empty string more often than you might think. Note
that the string " " is not empty: It consists of one blank character.

Concatenation of Strings
You can connect—or join or paste—two strings together to obtain a larger
string. This operation is called concatenation and is performed by using the
PQFSBUPS8IFOUIJTPQFSBUPSJTVTFEXJUITUSJOHT JUJTTPNFUJNFTDBMMFEUIF
concatenation operator. For example, consider the following code:
String greeting, sentence;
greeting = "Hello";
You can use
+ to join, or
concatenate,
strings together

sentence = greeting + "my friend";
System.out.println(sentence);

This code sets the variable sentence to the string "Hellomy friend" and will
write the following on the screen:
Hellomy friend

Notice that no spaces are added when you concatenate two strings by
means of the + operator. If you wanted sentence set to "Hello my friend",
you could change the assignment statement to
sentence = greeting + "my friend";

Notice the space before the word my.
You can concatenate any number of String objects by using the +
operator. You can even use + to connect a String object to any other type
of object. The result is always a String object. Java will figure out some way

2.2 The Class String
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to express any object as a string when you connect it to a string using the +
operator. For simple things like numbers, Java does the obvious thing. For
example,
String solution = "The answer is " + 42;

will set the String variable solution to the string "The answer is 42".
This is so natural that it may seem as though nothing special is happening,
but a conversion from one type to another does occur. The constant 42 is a
number—not even an object—whereas "42" is a String object consisting
of the character '4' followed by the character '2'. Java converts the number
constant 42 to the string constant "42" and then concatenates the two strings
"The answer is" and "42" to obtain the longer string "The answer is 42".

RECAP Using the + Symbol with Strings
You can concatenate two strings by connecting them with the + operator.
EXAMPLE
String name = "Chiana";
String greeting = "Hi " + name;
System.out.println(greeting);

This sets greeting to the string "Hi Chiana" and then displays the
following on the screen:
Hi Chiana

Note that we added a space at the end of "Hi" to separate the words in
the output.

String Methods
A String variable is not a simple variable, as a variable of type int is. A
String variable is a variable of a class type that names a String object. Recall
that an object has methods as well as data. For example, objects of the class
String store data consisting of strings of characters, such as "Hello". The
methods provided by the class String can be used to manipulate this data.
Most of the String methods return some value. For example, the method
length returns the number of characters in a String object. So "Hello".
length( ) returns the integer 5. That is, the value of "Hello".length( ) is 5,
which we can store in an int variable as follows:
int n = "Hello".length( );

Call the method
length to get
the length of a
string
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As you have learned, you call, or invoke, a method into action by writing
the name of the object, followed by a dot, followed by the method name,
and ending with parentheses. Although the object can be a constant, such
as "Hello", it is more common to use a variable that names the object, as
illustrated by the following:
String greeting = "Hello";
int n = greeting.length( );

For some methods—such as length—no arguments are needed, so the
parentheses are empty. For other methods, as you will see soon, some
information must be provided inside the parentheses.
All objects of a class have the same methods, but each object can have
different data. For example, the two String objects "Hello" and "Good-bye"
have different data— that is, different strings of characters. However, they
have the same methods. Thus, since we know that the String object "Hello"
has the method length, we know that the String object "Good-bye" must
also have the method length. All string objects have this method.
Spaces, special symbols, and repeated characters are all counted when
computing the length of a string. For example, suppose we declare String
variables as follows:
String command = "Sit Fido!";
String answer = "bow-wow";

Then command.length( ) returns 9 and answer.length( ) returns 7.
You can use a call to the method length anywhere that you can
use a value of type int. For example, all of the following are legal Java
statements:
Positions, or
indices, in a string
begin with 0

int count = command.length( );
System.out.println("Length is " + command.length( ));
count = command.length( ) + 3;

Many of the methods for the class String depend on counting positions
in the string. Positions in a string begin with 0, not with 1. In the string "Hi
Mom", 'H' is in position 0, 'i' is in position 1, the blank character is in position
2, and so forth. A position is usually referred to as an index in computer
parlance. So it would be more normal to say that 'H' is at index 0, 'i' is at
index 1, and so on. Figure 2.4 illustrates how index positions are numbered in
a string. The 12 characters in the string "Java is fun." have indices 0 through
11. The index of each character is shown above it in the figure.
A substring is simply a portion of a string. For example, the string defined by
A substring is
a portion of a
string

String phrase = "Java is fun.";

has a substring "fun" that begins at index 8. The method indexOf returns
the index of a substring given as its argument. The invocation phrase.
indexOf("fun") will return 8 because the 'f' in "fun" is at index 8. If the
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FIGURE 2.4 String Indices
Indices

0

1

2

3

J

a

v

a

4

5

6

i

s

7

8

9

10

11

f

u

n

.

Note that the blanks and the period
count as characters in the string.

substring occurs more than once in a string, indexOf returns the index of the
first occurrence of its substring argument.
Figure 2.5 describes some of the methods for the class String. In the
next chapter, you will learn how to make use of methods such as equals
and compareTo that compare strings. Other methods listed in this figure may
become more useful to you in subsequent chapters. You can learn about
additional String methods by consulting the documentation for the Java
$MBTT-JCSBSZPOUIF0SBDMF8FCTJUF

FAQ When calling a method, we write the name of an object
and a dot before the method’s name. What term do we
use to refer to this object?
An object has methods. When you invoke one of these methods, the object
receives the call and performs the actions of the method. Thus, the object
is known as a receiving object, or receiver. Documentation, such as that in
Figure 2.5, often describes the receiving object simply as this object.

FAQ What is whitespace?
Any characters that are not visible when displayed are collectively known as
whitespace. Such characters include blanks, tabs, and new-line characters.

String Processing
Technically, objects of type String cannot be changed. Notice that none of
the methods in Figure 2.5 changes the value of a String object. The class
String has more methods than those shown in Figure 2.5, but none of them
lets you write statements that do things like “Change the fifth character in this
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FIGURE 2.5 Some Methods in the Class String
charAt (Index)
Returns the character at Index in this string. Index numbers begin at 0.
compareTo(A_String)
Compares this string with A_String to see which string comes first in the lexicographic
ordering. (Lexicographic ordering is the same as alphabetical ordering when both strings
are either all uppercase letters or all lowercase letters.) Returns a negative integer if this
string is first, returns zero if the two strings are equal, and returns a positive integer if
A_String is first.
concat(A_String)
Returns a new string having the same characters as this string concatenated with the
characters in A_String. You can use the + operator instead of concat.
equals(Other_String)
Returns true if this string and Other_String are equal. Otherwise, returns false.
equalsIgnoreCase(Other_String)
Behaves like the method equals, but considers uppercase and lowercase versions of a
letter to be the same.
indexOf(A_String)
Returns the index of the first occurrence of the substring A_String within this string.
Returns -1 if A_String is not found. Index numbers begin at 0.
lastIndexOf(A_String)
Returns the index of the last occurrence of the substring A_String within this string.
Returns -1 if A_String is not found. Index numbers begin at 0.
length()
Returns the length of this string.
toLowerCase()
Returns a new string having the same characters as this string, but with any uppercase
letters converted to lowercase.
toUpperCase()
Returns a new string having the same characters as this string, but with any lowercase
letters converted to uppercase.
replace(OldChar, NewChar)
Returns a new string having the same characters as this string, but with each occurrence
of OldChar replaced by NewChar.
substring(Start)
Returns a new string having the same characters as the substring that begins at index
Start of this string through to the end of the string. Index numbers begin at 0.
substring(Start,End)
Returns a new string having the same characters as the substring that begins at index
Start of this string through, but not including, index End of the string. Index numbers
begin at 0.
trim()
Returns a new string having the same characters as this string, but with leading and
trailing whitespace removed.

2.2 The Class String

string to 'z'”. This was done intentionally to make the implementation of
the String class more efficient—that is, to make the methods execute faster
and use less computer memory. Java has another string class, StringBuilder,
that has methods for altering its objects. But we will not discuss this class here
because we do not need it.
Although you cannot change the value of a String object, such as "Hello",
you can still write programs that change the value of a String variable, which
is probably all you want to do anyway. To make the change, you simply use
an assignment statement, as in the following example:
String name = "D'Aargo";
name = "Ka " + name;

The assignment statement in the second line changes the value of the name
variable from "D' Aargo" to "Ka D'Aargo". Listing 2.4 shows a sample program
that performs some simple string processing and changes the value of a String
variable. The backslash that appears within the argument to the println method
is explained in the next section.
LISTING 2.4 Using the String Class
The meaning of \” is discussed

in the section entitled “Escape
public class StringDemo
Characters.”
{
public static void main(String[] args)
{
String sentence = "Text processing is hard!";
int position = sentence.indexOf("hard");
System.out.println(sentence);
System.out.println("012345678901234567890123");
System.out.println("The word \"hard\" starts at index "
+ position);
sentence = sentence.substring(0, position) + "easy!";
sentence = sentence.toUpperCase();
System.out.println("The changed string is:");
System.out.println(sentence);
}
}
Screen Output
Text processing is hard!
012345678901234567890123
The word "hard" starts at index 19
The changed string is:
TEXT PROCESSING IS EASY!

VideoNote
Processing strings
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GOTCHA

String Index Out of Bounds

The first character in a string is at index 0, not 1. So if a string contains n characters,
the last character is at index n¦8IFOFWFSZPVDBMMBTUSJOHNFUIPETVDIBT
charAt—that takes an index as an argument, the value of that index must be
valid. That is, the index value must be greater than or equal to zero and less than
the length of the string. An index value outside of this range is said to be out of
bounds or simply invalid. Such an index will cause a run-time error.
■

Escape Characters
Suppose you want to display a string that contains quotation marks. For
example, suppose you want to display the following on the screen:
Quotes within
quotes

The word "Java" names a language, not just a drink!

The following statement will not work:
System.out.println("The word "Java" names a language, " +
"not just a drink!");

This will produce a compiler error message. The problem is that the compiler sees
"The word "

as a perfectly valid quoted string. Then the compiler sees Java", which is not
anything valid in the Java language (although the compiler might guess that
it is a quoted string with one missing quote or guess that you forgot a + sign).
The compiler has no way to know that you mean to include the quotation
marks as part of the quoted string, unless you tell it that you mean to do so.
You tell the compiler that you mean to include the quote in the string by
placing a backslash (\) before the troublesome character, like so:
System.out.println("The word \"Java\" names a language, " +
"not just a drink!");

An escape
character requires
two symbols to
represent it

Figure 2.6 lists some other special characters that are indicated with a
backslash. These are often called escape sequences or escape characters,
because they escape from the usual meaning of a character, such as the usual
meaning of the double quote.
It is important to note that each escape sequence represents one character,
even though it is written as two symbols. So the string "\"Hi"\" contains four
characters—a quote, H, i, and another quote—not six characters. This point is
significant when you are dealing with index positions.
Including a backslash in a quoted string is a little tricky. For example,
the string "abc\def" is likely to produce the error message “Invalid escape
character.” To include a backslash in a string, you need to use two backslashes.
The string "abc\\def", if displayed on the screen, would produce
abc\def

2.2 The Class String
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FIGURE 2.6 Escape Characters
\"
\'
\\
\n
\r
\t

Double quote.
Single quote.
Backslash.
New line. Go to the beginning of the next line.
Carriage return. Go to the beginning of the current line.
Tab. Add whitespace up to the next tab stop.

The escape sequence \n indicates that the string starts a new line at the \n.
For example, the statement
System.out.println("The motto is\nGo for it!");

will write the following two lines to the screen:
The motto is
Go for it!

Including a single quote inside a quoted string, such as "How's this", is
perfectly valid. But if you want to define a single quote as a constant, you need
to use the escape character \', as in
char singleQuote = '\'';

The Unicode Character Set
A character set is a list of characters, each associated with a standard number.
The ASCII character set includes all the characters normally used on an
English-language keyboard. (ASCII stands for American Standard Code for
Information Interchange.) Each character in ASCII is represented as a 1-byte
binary number. This encoding provides for up to 256 characters. Many
programming languages other than Java use the ASCII character set.
The Unicode character set includes the entire ASCII character set, plus many
PG UIF DIBSBDUFST VTFE JO MBOHVBHFT PUIFS UIBO &OHMJTI " 6OJDPEF DIBSBDUFS Unicode includes
occupies 2 bytes. This encoding provides more than 65,000 different characters. ASCII as a subset
To appeal to international users, the developers of Java adopted the
6OJDPEFDIBSBDUFSTFU"TJUUVSOTPVU UIJTJTOPUMJLFMZUPCFBCJHJTTVFJGZPV
are using an English-language keyboard. Normally, you can just program as
though Java were using the ASCII character set, because the ASCII character
TFU JT B TVCTFU PG UIF 6OJDPEF DIBSBDUFS TFU 5IF BEWBOUBHF PG UIF 6OJDPEF
character set is that it makes it easy to handle languages other than English.
The disadvantage is that it sometimes requires more computer memory to
store each character than it would if Java used only the ASCII character set.
:PVDBOTFFUIFTVCTFUPGUIF6OJDPEFDIBSBDUFSTFUUIBUJTTZOPOZNPVTXJUI
the ASCII character set in the appendix of this book.
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S E L F -TE S T QU ESTI ONS
 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHTUBUFNFOUT
String greeting = "How do you do";
System.out.println(greeting + "Seven of Nine.");

 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHTUBUFNFOUT
String test = "abcdefg";
System.out.println(test.length());
System.out.println(test.charAt(1));

 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHTUBUFNFOUT
String test = "abcdefg";
System.out.println(test.substring(3));

 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHTUBUFNFOU
System.out.println("abc\ndef");

 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHTUBUFNFOU
System.out.println("abc\\ndef");

 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHTUBUFNFOUT
String test = "Hello John";
test = test.toUpperCase();
System.out.println(test);

 8IBU JT UIF WBMVF PG UIF FYQSFTTJPO s1.equals(s2) after the following
statements execute?
String s1 = "Hello John";
String s2 = "hello john";

 8IBU JT UIF WBMVF PG UIF FYQSFTTJPO s1.equals(s2) after the following
statements execute?
String s1 = "Hello John";
String s2 = "hello john";
s1 = s1.toUpperCase();
s2 = s2.toUpperCase();

2.3 Keyboard and Screen I/O
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2.3 KEYBOARD AND SCREEN I/O
Garbage in, garbage out.
—PROGRAMMER’S SAYING

Input and output of program data are usually referred to as I/O. A Java program
can perform I/O in many different ways. This section presents some very
simple ways to handle text as either input typed at the keyboard or output sent
to the screen. In later chapters, we will discuss more elaborate ways to do I/O.

Screen Output
8FIBWFCFFOVTJOHTJNQMFPVUQVUTUBUFNFOUTTJODFUIFCFHJOOJOHPGUIJTCPPL5IJT
section will summarize and explain what we have already been doing. In Listing
2.3, we used statements such as the following to send output to the display screen:
System.out.println("Enter a whole number from 1 to 99.");
. . .
System.out.println(quarters + "quarters");

Earlier in this chapter, we noted that System is a standard class, out is a special
object within that class, and out has println as one of its methods. Of course,
you need not be aware of these details in order to use these output statements.
You can simply consider System.out.println to be one peculiarly spelled
statement. However, you may as well get used to this dot notation and the
notion of methods and objects.
To use output statements of this form, simply follow the expression
System.out.println with what you want to display, enclosed in parentheses,
and then follow that with a semicolon. You can output strings of text in
double quotes, like "Enter a whole number from 1 to 99" or "quarters";
variables, like quarters; numbers, like 5 or 7.3; and almost any other object
or value. If you want to display more than one thing, simply place a + between
the things you want to display. For example,
System.out.println("Lucky number = " + 13 +
"Secret number = " + number);

If the value of number is 7, the output will be
Lucky number = 13Secret number = 7

Notice that no spaces are added. If you want a space between the 13 and
the word Secret in the preceding output—and you probably do—you should
add a space at the beginning of the string
"Secret number = "

so that it becomes
"Secret number = "

Use + to join the
things you want
to display
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Notice that you use double quotes, not single quotes, and that the left
and right quotes are the same symbol. Finally, notice that you can place the
statement on several lines if it is too long. However, you cannot break a line
in the middle of a variable name or a quoted string. For readability, you
should break the line before or after a + operator, and you should indent the
continuation line.
You can also use the println method to display the value of a String
variable, as illustrated by the following:
String greeting = "Hello Programmers!";
System.out.println(greeting);

This will cause the following to be written on the screen:
Hello Programmers!

Every invocation of println ends a line of output. For example, consider
the following statements:
System.out.println("One, two, buckle my shoe.");
System.out.println("Three, four, shut the door.");

These two statements will cause the following output to appear on the screen:
One, two, buckle my shoe.
Three, four, shut the door.
print versus
println

If you want two or more output statements to place all of their output on
a single line, use print instead of println. For example,
System.out.print("One, two,");
System.out.print(" buckle my shoe.");
System.out.print(" Three, four,");
System.out.println("shut the door.");

will produce the following output:
One, two, buckle my shoe. Three, four, shut the door.

Notice that a new line is not started until you use a println instead of a
print. Notice also that the new line starts after the items specified in the
println have been displayed. This is the only difference between print and
println.
That is all you need to know in order to write programs with this sort of
output, but we can still explain a bit more about what is happening. Consider
the following statement:
System.out.println("The answer is " + 42);

The expression inside the parentheses should look familiar:
"The answer is " + 42

2.3 Keyboard and Screen I/O

In our discussion of the class String in Section 2.2, we said that you could
use the + operator to concatenate a string, such as "The answer is", and
another item, such as the number constant 42. The + operator within a
System.out.println statement is the same + operator that performs string
concatenation. In the preceding example, Java converts the number constant
42 to the string "42" and then uses the + operator to obtain the string "The
answer is 42". The System.out.println statement then displays this string.
The println method always outputs strings. Technically speaking, it never
outputs numbers, even though it looks as though it does.
RECAP println
You can display lines of text using the method System.out.println.
The items of output can be quoted strings, variables, constants such as
numbers, or almost any object you can define in Java.
SYNTAX
System.out.println (Output_1 + Output_2 + ... + Output_Last);

EXAMPLES
System.out.println("Hello out there!");
System.out.println("Area = " + theArea + " square inches");

RECAP println Versus print
System.out.println and System.out.print are almost the same
method. The println method advances to a new line after it displays its
output, whereas the print method does not. For example,
System.out.print("one");
System.out.print("two");
System.out.println("three");
System.out.print("four");

produces the following output:
one two three
four

The output would look the same whether the last statement involved
print or println. However, since our last statement uses print,
subsequent output will appear on the same line as four.
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Keyboard Input
As we mentioned earlier in this chapter, you can use the class Scanner for
handling keyboard input. This standard class is in the package java.util. To
make Scanner available to your program, you write the following line near
the beginning of the file containing your program:
import java.util.Scanner;

You use an object of the class Scanner to perform keyboard input. You
create such an object by writing a statement in the following form:
Scanner Scanner_Object_Name = new Scanner(System.in);

where Scanner_Object_Name is any Java variable. For example, in Listing 2.3,
we used the identifier keyboard for the Scanner_Object_Name, as follows:
Scanner keyboard = new Scanner(System.in);

8FPGUFOVTFUIFJEFOUJGJFSkeyboard for our Scanner object because it suggests
keyboard input. However, you may use other names instead. For example,
you could use the variable scannerObject everywhere we use keyboard.
After you define a Scanner object, you can use methods of the class Scanner
to read data typed at the keyboard. For example, the method invocation
nextInt reads an
int value

keyboard.nextInt()

reads one int value typed at the keyboard and returns that int value. You can
assign that value to a variable of type int, as follows:
int n1 = keyboard.nextInt();
nextDouble
reads a double
value

next reads a
word

8IBUJGZPVXBOUUPSFBEBOVNCFSPGTPNFUZQFPUIFSUIBOint? The method
nextDouble works in exactly the same way as nextInt, except that it reads a
value of type double. Scanner has similar methods for reading values of other
numeric types.
The method next reads a word, as illustrated by the following statements:
String s1 = keyboard.next();
String s2 = keyboard.next();

If the input line is
plastic spoons

A delimiter is a
separator in input
data; by default,
it is whitespace

the string "plastic" is assigned to s1 and the string "spoons" is assigned to
s2. Note that any two input values entered at the keyboard must be separated
by whitespace characters such as one or more blanks or one or more line
breaks or some combination of blanks and line breaks. In this context, the
separators are called delimiters. For the method next, a word is any string of
nonwhitespace characters delimited by whitespace characters.
If you want to read an entire line, you would use the method nextLine.
For example,
String sentence = keyboard.nextLine();

2.3 Keyboard and Screen I/O
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reads in one line of input and places the resulting string into the variable sentence.
The end of an input line is indicated by the escape character '\n' 8IFO ZPV
press the Enter (Return) key at the keyboard, you enter the '\n' character. On the nextLine reads
TDSFFO IPXFWFS ZPVTJNQMZTFFPOFMJOFFOEBOEBOPUIFSCFHJO8IFOnextLine an entire line
reads a line of text, it reads this '\n'character, but the '\n' does not become part
of the string value returned. So in the previous example, the string named by the
variable sentence does not end with the '\n' character.
Listing 2.5 shows a program that demonstrates the Scanner methods that
we just introduced.
LISTING 2.5 A Demonstration of Keyboard Input (part 1 of 2)
import java.util.Scanner;

Gets the Scanner
class from the package
(library) java.util

public class ScannerDemo
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);

Sets things up
so the program
can accept
keyboard input

System.out.println("Enter two whole numbers");
System.out.println("separated by one or more spaces:");
int n1, n2;
Reads one int value
n1 = keyboard.nextInt();
from the keyboard
n2 = keyboard.nextInt();
System.out.println("You entered " + n1 + " and " + n2);
System.out.println("Next enter two numbers.");
System.out.println("A decimal point is OK.");
double d1, d2;
Reads one double
d1 = keyboard.nextDouble();
value from the keyboard
d2 = keyboard.nextDouble();
System.out.println("You entered " + d1 + " and " + d2);
System.out.println("Next enter two words:");
String s1, s2;
Reads one word from
s1 = keyboard.next();
the keyboard
s2 = keyboard.next();
System.out.println("You entered \"" +
s1 + "\" and \"" + s2 + "\"");
s1 = keyboard.nextLine(); //To get rid of '\n'

This line is explained in
the next Gotcha section.

System.out.println("Next enter a line of text:");
s1 = keyboard.nextLine();
Reads an entire line
System.out.println("You entered: \"" + s1 + "\"");
}
}

(continued)
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LISTING 2.5 A Demonstration of Keyboard Input (part 2 of 2)
Sample Screen Output
Enter two whole numbers
separated by one or more spaces:
42

43

You entered 42 and 43
Next enter two numbers.
A decimal point is OK.
9.99

21

You entered 9.99 and 21.0
Next enter two words:
plastic spoons
You entered "plastic" and "spoons"
Next enter a line of text:
May the hair on your toes grow long and curly.
You entered "May the hair on your toes grow long and curly."

RECAP Keyboard Input Using the Class Scanner
You can use an object of the class Scanner to read input from the
keyboard. To set things up, you place the following statement at the
beginning of your program file:
import java.util.Scanner;

You also need a statement in the following form before the first
statement involving keyboard input:
Scanner Scanner_Object_Name = new Scanner(System.in);

where Scanner_Object_Name is any Java identifier that is not a keyword.
For example,
Scanner scannerObject = new Scanner(System.in);

The methods nextInt, nextDouble, and next read and return,
respectively, a value of type int, a value of type double, and a word as
the value of a String object. The method nextLine reads and returns
the remainder of the current input line as a string. The terminating '\n'
is read but not included in the string value returned.
(continued)
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SYNTAX
Int_Variable= Scanner_Object_Name.nextInt();
Double_Variable= Scanner_Object_Name.nextDouble();
String_Variable= Scanner_Object_Name.next();
String_Variable= Scanner_Object_Name.nextLine();

EXAMPLES
int count = scannerObject.nextInt();
double distance = scannerObject.nextDouble();
String word = scannerObject.next();
String wholeLine = scannerObject.nextLine();

Figure 2.7 lists some other methods in the class Scanner.

REMEMBER Prompt for Input
Your program should always display a prompt when it needs the user to
enter some data as input, as in the following example:
System.out.println("Enter a whole number:");

VideoNote
Pitfalls involving
nextLine()

GOTCHA

Problems with the Methods next and nextLine

The methods next and nextLine of the class Scanner read text starting
wherever the last keyboard reading left off. For example, suppose you create
an object of the class Scanner as follows:
Scanner keyboard = new Scanner(System.in);

and suppose you continue with the following code:
int n = keyboard.nextInt();
String s1 = keyboard.nextLine();
String s2 = keyboard.nextLine();

Finally, assume that the corresponding input is typed at the keyboard, as
follows:
42 is the answer
and don't you
forget it.

This will set the value of the variable n to 42, the variable s1 to "is the
answer", and the variable s2 to "and don't you".
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FIGURE 2.7 Some Methods in the Class Scanner
Scanner_Object_Name.next()

Returns the String value consisting of the next keyboard characters up to, but not including, the first delimiter character. The default delimiters are whitespace characters.
Scanner_Object_Name.nextLine()

Reads the rest of the current keyboard input line and returns the characters read as a
value of type String. Note that the line terminator '\n' is read and discarded; it is
not included in the string returned.
Scanner_Object_Name.nextInt()

Returns the next keyboard input as a value of type int.
Scanner_Object_Name.nextDouble()

Returns the next keyboard input as a value of type double.
Scanner_Object_Name.nextFloat()

Returns the next keyboard input as a value of type float.
Scanner_Object_Name.nextLong()

Returns the next keyboard input as a value of type long.
Scanner_Object_Name.nextByte()

Returns the next keyboard input as a value of type byte.
Scanner_Object_Name.nextShort()

Returns the next keyboard input as a value of type short.
Scanner_Object_Name.nextBoolean()

Returns the next keyboard input as a value of type boolean. The values of true and
false are entered as the words true and false. Any combination of uppercase and lowercase letters is allowed in spelling true and false.
Scanner_Object_Name.useDelimiter(Delimiter_Word);

Makes the string Delimiter_Word the only delimiter used to separate input. Only the
exact word will be a delimiter. In particular, blanks, line breaks, and other whitespace
will no longer be delimiters unless they are a part of Delimiter_Word.
This is a simple case of the use of the useDelimiter method. There are many
ways to set the delimiters to various combinations of characters and words, but we
will not go into them in this book.
So far it may not seem as though there is any potential for problems, but
suppose the input were instead
42
and don't you
forget it.
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6OEFS UIFTF DJSDVNTUBODFT  ZPV NJHIU FYQFDU UIBU n is set to 42, s1 to "and
don't you", and s2 to "forget it". But that is not what happens.
Actually, the value of the variable n is set to 42, the variable s1 is set to the
empty string, and the variable s2 is set to "and don't you". The method nextInt
reads the 42 but does not read the end-of-line character '\n'. So the first nextLine
invocation reads the rest of the line that contains the 42. There is nothing more
on that line, except for '\n'. Thus, nextLine reads and discards the end-of-line
character '\n' and then returns the empty string, which is assigned to s1. The next
invocation of nextLine begins on the next line and reads "and don't you".
8IFO DPNCJOJOH NFUIPET UIBU SFBE OVNCFST GSPN UIF LFZCPBSE XJUI
methods that read strings, you sometimes have to include an extra invocation
of nextLine to get rid of the end-of-line character '\n'. This problem is
illustrated near the end of the program in Listing 2.5.
■

REMEMBER The Empty String
Recall that an empty string has zero characters and is written as "". If
the nextLine method executes, and the user simply presses the Enter
(Return) key, the nextLine method returns the empty string.

Other Input Delimiters (Optional)
8IFO VTJOH UIF Scanner class for keyboard input, you can change the
delimiters that separate keyboard input to almost any combination of
characters and strings, but the details are a bit involved. In this book we will
EFTDSJCFPOMZPOFTJNQMFLJOEPGEFMJNJUFSDIBOHF8FXJMMUFMMZPVIPXUP
change the delimiters from whitespace to one specific delimiter string.
For example, suppose you create a Scanner object as follows:
Scanner keyboard2 = new Scanner(System.in);

You can change the delimiter for the object keyboard2 to "##" as follows:
keyboard2.useDelimiter("##");

After this invocation of the useDelimiter method, "##" will be the only input
delimiter for the input object keyboard2. Note that whitespace will no longer be
a delimiter for keyboard input involving keyboard2. So given the keyboard input
funny wo##rd

##

the following code would read the two strings "funny wo" and "rd":
System.out.println("Enter two words as a line of text:");
String s1 = keyboard2.next();
String s2 = keyboard2.next();
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Note that no whitespace characters, not even line breaks, serve as an input
delimiter once this change is made to keyboard2. Also note that you can have
two different objects of the class Scannerwith different delimiters in the same
program. These points are illustrated by the program in Listing 2.6.
LISTING 2.6 Changing Delimiters (Optional)
import java.util.Scanner;
public class DelimitersDemo
{
public static void main(String[] args)
{
keyboard1 and
Scanner keyboard1 = new Scanner(System.in);
keyboard2 have
Scanner keyboard2 = new Scanner(System.in);
different delimiters.
keyboard2.useDelimiter("##");
//The delimiters for keyboard1 are the whitespace
//characters.
//The only delimiter for keyboard2 is ##.
String s1, s2;
System.out.println("Enter a line of text with two words:");
s1 = keyboard1.next();
s2 = keyboard1.next();
System.out.println("The two words are \"" + s1 +
"\" and \"" + s2 + "\"");
System.out.println("Enter a line of text with two words");
System.out.println("delimited by ##:");
s1 = keyboard2.next();
s2 = keyboard2.next();
System.out.println("The two words are \"" + s1 +
"\" and \"" + s2 + "\"");
}
}

Sample Screen Output
Enter a line of text with two words:
funny wo##rd##
The two words are "funny" and "wor##rd##"
Enter a line of text with two words
delimited by ##:
funny wor##rd##
The two words are "funny wo" and "rd"
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Formatted Output with printf (Optional)
Starting with version 5.0, Java includes a method named printf that can be
used to give output in a specific format. It is used in the same manner as the
printf function in the C programming language. The method works like the
print method except it allows you to add formatting instructions that specify
things such as the number of digits to include after a decimal point. For
example, consider the following:
double price = 19.5;
System.out.println("Price using println:" + price);
System.out.printf("Price using printf formatting:%6.2f",
price);

This code outputs the following lines:
Price using println:19.5
Price using printf formatting: 19.50

6TJOH println the price is output as "19.5" immediately after the colon
CFDBVTFXFEJEOPUBEEBOBEEJUJPOBMTQBDF6TJOHprintf the string after the
colon is " 19.50" with a blank preceding the 19.50. In this simple example,
the first argument to printf is a string known as the format specifier and the
second argument is the number or other value to be output in that format.
The format specifier %6.2f says to output a floating-point number in a
field (number of spaces) of width six (room for six characters) and to show
exactly two digits after the decimal point. So, 19.5 is expressed as "19.50" in a
field of width six. Because "19.50" only has five characters, a blank character
is added to obtain the six-character string " 19.50". Any extra blank space is
added to the front of the value output. If the output requires more characters
than specified in the field (e.g., if the field in this case was set to 1 via %1.2f),
then the field is automatically expanded to the exact size of the output (five
in our example). The f in %6.2f means the output is a floating-point number,
that is, a number with a decimal point.
Figure 2.8 summarizes some of the common format specifiers.
8FDBODPNCJOFNVMUJQMFGPSNBUTQFDJGJFSTJOUPBTJOHMFTUSJOH'PSFYBNQMF 
given
double price = 19.5;
int quantity = 2;
String item = "Widgets";
System.out.printf("%10s sold:%4d at $%5.2f. Total = $%1.2f",
item, quantity, price, quantity * price);

the output is: " Widgets sold:2 at $19.50. Total = $39.00". There are
three blank spaces in front of "Widgets" to make a field of ten characters.
Similarly, there are three blank spaces in front of the 2 to make a field of four
characters. The 19.50 fits in exactly five characters and the last field for the
total is expanded to five from one so it will fit the 39.00.
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FIGURE 2.8 Selected Format Specifiers for System.out.printf
Format
Specifier

Type of Output

Examples

%c

Character

A single character: %c
A single character in a field
of two spaces: %2c

%d

Decimal integer number

An integer: %d
An integer in a field of 5
spaces: %5d

%f

Floating-point number

A floating-point number: %f
A floating-point number with
2 digits after the decimal:
%1.2f
A floating-point number with
2 digits after the decimal in a
field of 6 spaces: %6.2f

%e

Exponential floatingpoint number

A floating-point number in
exponential format: %e

%s

String

A string formatted to a field
of 10 spaces: %10s

S E L F -TE S T QU ESTI ONS
 8SJUF+BWBTUBUFNFOUTUIBUXJMMDBVTFUIFGPMMPXJOHUPCFXSJUUFOUPUIFTDSFFO
Once upon a time,
there were three little programmers.

 8IBU JT UIF EJGGFSFODF CFUXFFO UIF NFUIPET System.out.println and
System.out.print?
 8SJUF B DPNQMFUF +BWB QSPHSBN UIBU SFBET B MJOF PG LFZCPBSE JOQVU
containing two values of type int—separated by one or more spaces—and
then displays the two numbers.
 8SJUF B DPNQMFUF +BWB QSPHSBN UIBU SFBET POF MJOF PG UFYU DPOUBJOJOH
exactly three words—separated by any kind or amount of whitespace—
and then displays the line with spacing corrected as follows: The output
has no space before the first word and exactly two spaces between each
pair of adjacent words.

2.4 Documentation and Style
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 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHTUBUFNFOUT
String s = "Hello" + "" + "Joe";
System.out.println(s);

2.4 DOCUMENTATION AND STYLE
“Don’t stand there chattering to yourself like that,” Humpty Dumpty said,
looking at her for the first time, “but tell me your name and your business.”
“My name is Alice, but—”
“It’s a stupid name enough!” Humpty Dumpty interrupted impatiently. “What
does it mean?”
“Must a name mean something?” Alice asked doubtfully.
“Of course it must,” Humpty Dumpty said with a short laugh: “my name
means the shape I am—and a good handsome shape it is too. With a name
like yours, you might be any shape, almost.”
—LEWIS CARROLL, THROUGHTHE LOOKING GLASS

A program that gives the correct output is not necessarily a good program.
Obviously, you want your program to give the correct output, but that is not
the whole story. Most programs are used many times and are changed at some
point either to fix bugs or to accommodate new demands by the user. If the
program is not easy to read and understand, it will not be easy to change, and
it might even be impossible to change with any realistic effort. Even if the
program will be used only once, you should pay some attention to readability.
After all, you will have to read the program to debug it.
In this section, we discuss four aspects of a program that help to make it more
readable: meaningful names, comments, indentation, and named constants.

Meaningful Variable Names
As we mentioned earlier in this chapter, the names x and y are almost never
good variable names. The name you give to a variable should be suggestive of
its intended use. If the variable holds a count of something, you might name
it count. If the variable holds a tax rate, you might name it taxRate.
In addition to giving variables meaningful names and giving them names
that the compiler will accept, you should choose names that follow the
normal practice of programmers. That way, your code will be easier for others
to read and to combine with their code, should you work on a project with
more than one programmer. Typically, variable names are made up entirely of
letters and digits. You start each name with a lowercase letter, as we have been Name your
doing so far. The practice of starting with a lowercase letter may look strange variables to
suggest their use
at first, but it is a convention that is commonly used, and you will quickly get
VTFEUPJU8FVTFOBNFTUIBUTUBSUXJUIBOVQQFSDBTFMFUUFSGPSTPNFUIJOHFMTF 
namely, for class names like String.
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If the name consists of more than one word, “punctuate” it by using
capital letters at the word boundaries, as in taxRate, numberOfTries, and
timeLeft.

Comments
Write programs
that are selfdocumenting

Use comments to
explain details

// comment

The documentation for a program tells what the program does and how it
does it. The best programs are self-documenting. This means that, thanks to
a very clean style and very well-chosen identifiers, what the program does and
how it does it will be obvious to any programmer who reads the program. You
should strive for such self-documenting programs, but your programs may
also need a bit of additional explanation to make them completely clear. This
explanation can be given in the form of comments.
Comments are notes that you write into your program to help a person
understand the program but that are ignored by the compiler. You can insert
comments into a Java program in three ways. The first way is to use the two
symbols // at the beginning of a comment. Everything after these symbols up
to the end of the line is treated as a comment and is ignored by the compiler.
This technique is handy for short comments, such as
String sentence; //Spanish version

If you want a comment of this form to span several lines, each line must
contain the symbols // at the beginning of the comment.
The second kind of comment can more easily span multiple lines.
Anything written between the matching symbol pairs /* and */ is a comment
and is ignored by the compiler.
For example,
/* */ comment

/*
This program should only
be used on alternate Thursdays,
except during leap years, when it should
only be used on alternate Tuesdays.
*/

This is not a very likely comment, but it does illustrate the use of /* and */.
Many text editors automatically highlight comments by showing them in
a special color. In this book, we will also write comments in a different color,
as illustrated by the following comment

/** */ comment

/**
This program should only
be used on alternate Thursdays,
except during leap years, when it should
only be used on alternate Tuesdays.
*/

2.4 Documentation and Style

Notice that this comment uses two asterisks rather than one in the opening
/**. This is not required to make it a comment, but it is needed when we use a
program named javadoc that automatically extracts documentation from Java
TPGUXBSF8FXJMMEJTDVTTIPXUPVTF javadoc later in this book, but we will
start using the double asterisks now.
It is difficult to explain just when you should and should not insert a
DPNNFOU 5PP NBOZ DPNNFOUT DBO CF BT CBE BT UPP GFX DPNNFOUT 8JUI
too many comments, the really important information can be lost in a sea of
comments that just state the obvious. As we show you more Java features, we
will mention likely places for comments. For now, you should normally need
them in only two situations.
First, every program file should have an explanatory comment at its
beginning. This comment should give all the important information about
the file: what the program does, the name of the author, how to contact the
author, and the date the file was last changed, as well as other information
particular to your situation, such as course assignment number. This comment
should be similar to the one shown at the top of Listing 2.7.
Second, you should write comments that explain any nonobvious details.
For example, look at the program in Listing 2.7. Note the two variables named
radius and area. Obviously, these two variables will hold the values for the
radius and area of a circle, respectively. You should not include comments like
the following:
double radius; //the radius of a circle

A poor comment

)PXFWFS TPNFUIJOHJTOPUPCWJPVT8IBUVOJUTBSFVTFEGPSUIFSBEJVT 
Inches? Feet? Meters? Centimeters? You should add a comment that explains
the units used, as follows:
double radius; //in inches
double area; //in square inches

These two comments are also shown in Listing 2.7.

REMEMBER Write Self-Documenting Code
Self-documenting code uses well-chosen names and has a clear
style. The program’s purpose and workings should be obvious to any
programmer who reads the program, even if the program has no
comments. To the extent that it is possible, you should strive to make
your programs self-documenting.
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LISTING 2.7 Comments and Indentation
import java.util.Scanner;
/**
Program to compute area of a circle.
Author: Jane Q. Programmer.
E-mail Address: janeq@somemachine.etc.etc.
Programming Assignment 2.
Last Changed: October 7, 2008.
*/
public class CircleCalculation
{

}

This import c an go after the
big comment if you prefer.

The vertical lines indicate
the indenting pattern.

public static void main(String[] args)
{
double radius; //in inches
double area;
//in square inches
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter the radius of a circle in inches:");
radius = keyboard.nextDouble();
area = 3.14159 * radius * radius;
System.out.println("A circle of radius " + radius + " inches");
System.out.println("has an area of " + area + " square inches.");
}
Later in this chapter,

we will give an improved
version of this program.

Sample Screen Output
Enter the radius of a circle in inches:
2.5
A circle of radius 2.5 inches
has an area of 19.6349375 square inches.

RECAP Java Comments
There are three ways to add comments in Java:
t &WFSZUIJOHBGUFSUIFUXPTZNCPMTUPUIFFOEPGUIFMJOFJTBDPNNFOUBOEJT
ignored by the compiler.
t "OZUIJOHXSJUUFOCFUXFFOUIFTZNCPMQBJST BOE JTBDPNNFOUBOEJT
ignored by the compiler.
t "OZUIJOHXSJUUFOCFUXFFOUIFTZNCPMQBJST BOE JTBDPNNFOUUIBUJTQSPcessed by the documentation program javadoc but is ignored by the compiler.
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Indentation
A program has a lot of structure. There are smaller parts within larger parts.
For example, one part starts with
public static void main(String[] args)
{

The body of this main method begins with an open brace { and ends with a
DMPTJOHCSBDF^8JUIJOUIFTFCSBDFTBSF+BWBTUBUFNFOUT XIJDIXFJOEFOUCZB
consistent number of spaces.
The program in Listing 2.7 has three levels of indentation—as indicated
by the vertical lines—that clearly show its nested structure. The outermost
structure, which defines the class CircleCalculation, is not indented at all.
The next level of nested structure—the main method—is indented. The body
of that method is indented yet again.
8FQSFGFSUPJOEFOUCZGPVSTQBDFTGPSFBDIMFWFMPGJOEFOUJOH*OEFOUJOH
more than that leaves too little room on the line for the statement itself,
whereas a smaller indent might not show up well. Indenting two or three
spaces is not unreasonable, but we find four spaces to be the clearest. If you
are in a course, follow the rules given by your instructor. On a programming
project, you likely will have a style sheet that dictates the number of spaces
you should indent. In any event, you should indent consistently within any
one program.
If a statement does not fit on one line, you can write it on two or more lines.
However, when you write a single statement on more than one line, indent the
second and all subsequent continuation lines more than the first line.
Although the levels of nesting shown in Listing 2.7 are delimited by
braces, {}, that is not always the case. Regardless of whether there are any
braces, you should still indent each level of nesting.

Using Named Constants
Look again at the program in Listing 2.7. You probably recognize the number
3.14159 as the approximate value of pi, the number that is used in many
calculations involving a circle and that is often written as. However, you
might not be sure that 3.14159 is pi and not some other number. Somebody
other than you might have no idea as to where the number 3.14159 came
from. To avoid such confusion, you should always give a name to constants
such as 3.14159 and use the name instead of writing out the number.
For example, you might give the number 3.14159 the name PI and define
it as follows:
public static final double PI = 3.14159;

Then the assignment statement
area = 3.14159 * radius * radius;

Use consistent
indentation to
show a program’s
structure

Indent each level
of nesting
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could be written more clearly as
area = PI * radius * radius;

In Listing 2.8, we have rewritten the program from Listing 2.7 so that it
uses the name PI as a defined name for the constant 3.14159. Note that
the definition of PI is placed outside of the main method. Although named
constants need not be defined near the beginning of a file, it is a good practice
to place them there. That way, they will be handy if you need to correct their
LISTING 2.8 Naming a Constant
import java.util.Scanner;
/**
Program to compute area of a circle.
Author: Jane Q. Programmer.
E-mail Address: janeq@somemachine.etc.etc.
Programming Assignment 2.
Last Changed: October 7, 2008.
*/
public class CircleCalculation2
{
public static final double PI = 3.14159;
public static void main(String[] args)
{
double radius; //in inches
double area; //in square inches
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter the radius of a circle in inches:");
radius = keyboard.nextDouble();
area = PI * radius * radius;
System.out.println("A circle of radius " + radius + " inches");
System.out.println("has an area of " + area + " square inches.");
}
}

Although it would not be as clear, it
is legal to place the definition of PI
here instead.

Sample Screen Output
Enter the radius of a circle in inches:
2.5
A circle of radius 2.5 inches
has an area of 19.6349375 square inches.
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values. For example, suppose you have a banking program that contains the
named constant
public static final double MORTGAGE_INTEREST_RATE = 6.99;

and suppose the interest rate changes to 8.5 percent. You can simply change
the value of the named constant to
public static final double MORTGAGE_INTEREST_RATE = 8.5;

You would then need to recompile your program, but you need not change
anything else in it.
6TJOHBOBNFEDPOTUBOU MJLFMORTGAGE_INTEREST_RATE, can save you a lot
of work. To change the mortgage interest rate from 6.99 percent to 8.5 percent,
you change only one number. If the program did not use a named constant,
you would have to change every occurrence of 6.99 to 8.5. Although a text
editor makes this task easy, this change might not be right. If some occurrences
of 6.99 represent the mortgage interest rate, while other occurrences of 6.99
represent something else, you would have to decide just what each 6.99 means.
That would surely produce confusion and probably introduce errors.

S E L F-TE S T QU E S TIO N S
 8IBUBSFUIFLJOETPGDPNNFOUTJO+BWB
 8IBUJTUIFPVUQVUQSPEVDFECZUIFGPMMPXJOH+BWBDPEF
/**
Code for Question 33 .
*/
System.out.println("One");
//System.out.println("Two");
System.out.println("And hit it!");

34. Although it is kind of silly, state legislatures have been known to pass
laws that “change” the value of pi. Suppose you live in a state where, by
law, the value of pi is exactly 3.14. How must you change the program in
Listing 2.8 to make it comply with the law?

2.5 GRAPHICS SUPPLEMENT
It ain’t over till it’s over.
—YOGI BERRA

This section begins with an applet from Chapter 1 redone following the style
rules discussed in this chapter. However, the rest of the section is devoted to the
classes JFrame and JOptionPane. These classes provide you with a way to use
graphics in a Java application and windowing for I/O in your Java programs.

Name your
constants to make
your program
clearer and easier
to maintain
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Chapter 3 also has a small amount of material on JOptionPane. All the
material on JOptionPane in this chapter and in Chapter 3 is independent of
the other material in this book. You may cover the material on JOptionPane
whether you cover the other material in the other graphics supplements or
not. You can also omit the material on JOptionPane and still cover the other
material in the graphics supplements.

Style Rules Applied to a Graphics Applet
Listing 2.9 revises the applet program that appears in Listing 1.2 of Chapter 1,
adding named constants for all the integer arguments as well as explanatory
comments. At first glance it may seem that all these named constants simply
complicate the code. However, they make writing and changing the code
much easier.
8SJUJOHTVDIDPOTUBOUTIFMQTZPVUPQMBOBOEPSHBOJ[FZPVSESBXJOH5IF
named constants enable you to clearly and explicitly specify constraints. For
example, the statement
public static final int Y_LEFT_EYE = Y_RIGHT_EYE;

ensures that the two eyes appear at the same level.
A graphics program like this one often needs to be tuned by adjusting the
various integer values. Finding the right value to change when you need to
adjust, say, the mouth width is much easier when you use named constants.

■ PROGRAMMING TIP

Use Named Constants in a
Graphics Applet

8IFO EFTJHOJOH B ESBXJOH  JEFOUJGZ UIF DPNQPOFOUT BOE UIFJS EJNFOTJPOT
Give names to these dimensions and define them as named constants. As
much as possible and reasonable, make these constants interdependent. That
is, since it is likely that certain dimensions are related to others, define one
named constant in terms of another one. Fine-tuning the values of these
constants is easier if you can describe the relationships among the various
dimensions symbolically by using named constants.
■

Creating a Java GUI Application with the JFrame Class
Use the class
JFrame when
creating a GUI for
an application
program

A graphical user interface or GUI is simply a windowing interface for a
QSPHSBN "O BQQMFU JT B LJOE PG (6* UIBU SVOT GSPN B 8FC QBHF 5P PCUBJO
(6*T XJOEPXJOH JOUFSGBDFT  UIBU DBO CF SVO BT SFHVMBS +BWB BQQMJDBUJPOT 
you use the class JFrame rather than JApplet. An application built using
the JFrame class is very similar to one using JApplet. In this chapter we will
provide a template to turn an applet into an application, but a full explanation
of how the code works is not covered until Chapter 8.
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LISTING 2.9 Revision of Listing 1.2 Using Comments and
Named Constants
import javax.swing.JApplet;
import java.awt.Graphics;

These can go after the big
comment if you prefer

/**
Applet that displays a happy face.
Author: Jane Q. Programmer.
Revision of Listing 1.2.
*/
public class HappyFace extends JApplet
{
public static final int FACE_DIAMETER = 200;
public static final int X_FACE = 100;
public static final int Y_FACE = 50;
public
public
public
public
public
public

static
static
static
static
static
static

final
final
final
final
final
final

int
int
int
int
int
int

EYE_WIDTH = 10;
EYE_HEIGHT = 20;
X_RIGHT_EYE = 155;
Y_RIGHT_EYE = 100;
X_LEFT_EYE = 230;
Y_LEFT_EYE = Y_RIGHT_EYE;

public
public
public
public
public
public

static
static
static
static
static
static

final
final
final
final
final
final

int
int
int
int
int
int

MOUTH_WIDTH = 100;
MOUTH_HEIGHT = 50;
X_MOUTH = 150;
Y_MOUTH = 160;
MOUTH_START_ANGLE = 180;
MOUTH_EXTENT_ANGLE = 180;

public void paint(Graphics canvas)
{
//Draw face outline:
canvas.drawOval(X_FACE, Y_FACE, FACE_DIAMETER, FACE_DIAMETER);
//Draw eyes:
canvas.fillOval(X_RIGHT_EYE, Y_RIGHT_EYE, EYE_WIDTH, EYE_HEIGHT);
canvas.fillOval(X_LEFT_EYE, Y_LEFT_EYE, EYE_WIDTH, EYE_HEIGHT);
//Draw mouth:
canvas.drawArc(X_MOUTH, Y_MOUTH, MOUTH_WIDTH, MOUTH_HEIGHT,
MOUTH_START_ANGLE, MOUTH_EXTENT_ANGLE);
}
}

The applet drawing is the same as
the one shown in Listing 1.2.
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For the applets we’ve covered so far there are four changes to convert
an applet to an application. Let’s make an application out of the happy face
applet in Listing 2.9. Note that the name of the class is HappyFace.
1. Replace the line
import javax.swing.JApplet

with
import javax.swing.JFrame

2. Replace the text
extends JApplet

with
extends JFrame

3. Add a constructor with the following code. If your class is not named
HappyFace, then the actual class name should be substituted in place of
HappyFace. Constructors are explained in Chapter 6.
public HappyFace()
{
setSize(600,400);
setDefaultCloseOperation(EXIT_ON_CLOSE);
}

setSize sets the
dimensions of a
JFrame window

The constructor is a place where we can place initialization code. The
line setSize(600,400) creates a window that is 600 pixels wide and 400
pixels tall. You can change these numbers if you would like a different
window size. The method setSize also works for applets, but it is more
common to set the size of an applet as part of the code that displays the
BQQMFU PO B 8FC QBHF :PV XJMM TFF UIJT EFUBJM JO $IBQUFS   XIJDI
JT PO UIF 8FC  "O BQQMFU WJFXFS TFUT UIF TJ[F PG BO BQQMFU UP B EFGBVMU
size, so while it is legal to use setSize with applets, there is little reason
to do so. On the other hand, if you do not use setSize XJUI B (6*
derived from JFrame  UIF (6* NBZ CF VOSFBTPOBCMZ TNBMM 5IF TFDPOE
line, setDefaultCloseOperation(EXIT_ON_CLOSE) tells Java to exit the
program if the window is closed.
4. Add a main method that displays the window. Replace HappyFace with
the name of your class. Once again, the nuances of what the code is doing
will be explained in later chapters.
public static void main(String[] args)
{
HappyFace guiWindow = new HappyFace();
guiWindow.setVisible(true);
}
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A complete conversion of the applet from Listing 2.9 to an application
is given in Listing 2.10. The name of the class has been changed to
HappyFaceJFrame to distinguish it from the applet version and the
changes from the applet version are highlighted.
The graphics supplements in the next several chapters focus on applets.
8IJMFXFIBWFOUZFUFYQMBJOFEIPXBMMPGUIFDPEFGPSBOBQQMJDBUJPOXPSLT 
ZPVDBOVTFUIFCBTJDUFNQMBUFEFTDSJCFEIFSFUPDPOTUSVDUB(6*BQQMJDBUJPO
rather than an applet if you wish.
RECAP The setSize Method
The method setSize resizes a JFrame window to the specified width and
height.
SYNTAX
JFrame_Object.setSize(Width, Height);

EXAMPLE
this.setSize(400, 300);

The method setSize is used most often within a constructor of a class
derived from JFrame. The this is typically omitted. So a more typical
example looks like the following:
setSize(400, 300);

FAQ What units are used for the width and height in setSize?
When using setSize, the arguments for the width and height are given
in pixels. Pixels are discussed in the graphics supplement of Chapter 1.

Introducing the Class JOptionPane
Listing 2.11 contains a very simple Java application program that has a
windowing interface. The program produces three windows, one at a time.
5IFGJSTUXJOEPXUPBQQFBSJTMBCFMFE%JBMPHJO-JTUJOH5IFVTFSFOUFST Any application
a number in the text field of this window and then clicks the OK button program can use
with the mouse. The first window then goes away and the second window windows for I/O
BQQFBST5IFVTFSIBOEMFTUIFTFDPOEXJOEPXJOBTJNJMBSXBZ8IFOUIFVTFS
clicks the OK button in the second window, the second window goes away
and the third window appears. Let’s look at the details.
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LISTING 2.10 A Java GUI Application using the JFrame Class
import javax.swing.JFrame;
import java.awt.Graphics;
public class HappyFaceJFrame extends JFrame
{
public static finalint FACE_DIAMETER = 200;
public static final int X_FACE = 100;
public static final int Y_FACE = 50;
public
public
public
public
public
public

static
static
static
static
static
static

final
final
final
final
final
final

int
int
int
int
int
int

EYE_WIDTH = 10;
EYE_HEIGHT = 20;
X_RIGHT_EYE = 155;
Y_RIGHT_EYE = 100;
X_LEFT_EYE = 230;
Y_LEFT_EYE = Y_RIGHT_EYE;

public
public
public
public
public
public

static
static
static
static
static
static

final
final
final
final
final
final

int
int
int
int
int
int

MOUTH_WIDTH = 100;
MOUTH_HEIGHT = 50;
X_MOUTH = 150;
Y_MOUTH = 160;
MOUTH_START_ANGLE = 180;
MOUTH_DEGREES_SHOWN = 180;

public void paint(Graphics canvas)
{
//Draw face outline:
canvas.drawOval(X_FACE, Y_FACE, FACE_DIAMETER, FACE_DIAMETER);
//Draw eyes:
canvas.fillOval(X_RIGHT_EYE, Y_RIGHT_EYE, EYE_WIDTH, EYE_HEIGHT);
canvas.fillOval(X_LEFT_EYE, Y_LEFT_EYE, EYE_WIDTH, EYE_HEIGHT);
//Draw mouth:
canvas.drawArc(X_MOUTH, Y_MOUTH, MOUTH_WIDTH, MOUTH_HEIGHT,
MOUTH_START_ANGLE, MOUTH_DEGREES_SHOWN);
}
public HappyFaceJFrame()
{
setSize(600,400);
setDefaultCloseOperation(EXIT_ON_CLOSE);
}
public static void main(String[] args)
{
HappyFaceJFrame guiWindow = new HappyFaceJFrame();
guiWindow.setVisible(true);
}
}

This application draws the same Happy
Face image as the applet in Listing 2.9
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LISTING 2.11 Program Using JOptionPane for I/O (part 1 of 2)
import javax.swing.JOptionPane;
public class JOptionPaneDemo
{
public static void main(String[] args)
{
String appleString =
JOptionPane.showInputDialog("Enter number of apples:");
int appleCount = Integer.parseInt(appleString);
String orangeString =
JOptionPane.showInputDialog("Enter number of oranges:");
int orangeCount = Integer.parseInt(orangeString);
int totalFruitCount = appleCount + orangeCount;
JOptionPane.showMessageDialog(null,
"The total number of fruits = " + totalFruitCount);
System.exit(0);
}
}

%JBMPH

%JBMPH

(continued)
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LISTING 2.11 Program Using JOptionPane for I/O (part 2 of 2)
%JBMPH

REMEMBER Running a JOptionPane Program
You run a program that uses JOptionPane, such as the one in Listing 2.11,
in the same way you run any application program. You do not run it as if
it were an applet.

This program uses the class JOptionPane to construct the windows
that interact with the user. JOptionPane is a standard, predefined class that
comes with every installation of Java. To make it available to your program,
you write
Import
JOptionPane
from the Swing
package

import javax.swing.JOptionPane;

This statement tells the computer where to find the definition of the
JOptionPane class. You may recall that we mentioned a library called
Swing, which is the library of classes that we will use for windowing
interfaces. These libraries are called packages, and in a Java program the
Swing package is denoted javax.swing, with a lowercase s. The class
JOptionPane is in this package. The previous import statement indicates
this fact. You put this statement at the start of any program file that uses
the class JOptionPane.
The first program instruction for the computer is
String appleString =
JOptionPane.showInputDialog("Enter number of apples:");

It declares appleString to be a variable of type String and then starts the
windowing action. The two lines are a single statement, or instruction, and
would normally be written on one line, except that doing so would make the
line inconveniently long.

2.5 Graphics Supplement
JOptionPane is a class used for producing special windows—called dialog
windows, dialog boxes, or simply dialogs—that either obtain input or
display output from your program. The method showInputDialog produces
a dialog for obtaining input. The string argument, in this case "Enter number
of apples:", is written in the window to tell the user what to enter. You the
programmer choose this string, depending on what sort of input you want.
This invocation of the method showInputDialog will produce the first dialog
shown in Listing 2.11. The user clicks the mouse in the text field and then
types in some input. The user can use the backspace key to back up and
change the input if necessary. Once the user is happy with the input, the
user clicks the OK button and the window goes away. As an alternative, the
user can press the Enter (Return) key instead of clicking the OK button. That
takes care of the responsibility of the user, but how does this input get to
your program? Read on.
The method invocation
JOptionPane.showInputDialog("Enter number of apples:");
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Defining a dialog
for input

returns—that is, produces—the input that the user typed into the text field.
This invocation is within an assignment statement that stores this input.
Specifically, the string input is stored in the variable appleString8IFOZPV
use JOptionPane to read user input, only string values are read. If you want
numbers, your program must convert the input string to a number.
The next statement begins by declaring the variable appleCount as an
int. The int says that the data stored in the variable appleCount must
be an integer. The programmer who wrote this program wants the user
to enter an integer into that first input window and wants the program
to store this integer in the variable appleCount. Because JOptionPane
reads only strings, this means converting the string to a value of type int.
To see why this conversion is necessary, let’s say that the user types 10
JOUP UIF EJBMPH CPY  JOEJDBUJOH UIBU UIFSF BSF  BQQMFT 8IBU IF PS TIF
has actually typed is the character '1' followed by the character '0' to
produce the string "10"8IFOVTJOHUIFTFJOQVUXJOEPXT ZPVNVTUCF
aware of the fact that all program input from
the user—and all output to the user for that
ASIDE All Input and Output Are Strings
matter—consists of strings of characters. If you
All program input from the user and
want your program to think of the input from
all output to the user consist of strings
an input window as a number, your program
of characters. When using the class
JOptionPane to read numeric input, you
must convert the string, such as "10", into
must convert the string that is read to the
the corresponding number, in this case 10.
desired numeric value, as you will see next.
To computers, "10" and 10 are very different
Even the class Scanner reads user input as
things. (In real life they are also different, but
a string. However, when you call a method
we usually ignore that difference.) "10" is a
like nextInt or nextDouble, for example,
string consisting of two characters, while 10 is
the conversion from string input to numeric
a number that can, for example, be added to or
input is done for you.
subtracted from another number.
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In Listing 2.11, the string typed in by the user is stored in the variable

parseInt is a
method of the
class Integer

appleString. Since we expect the user to type the digits of an integer, our
program needs to convert this string to an int 8F TUPSF UIF SFTVMUJOH int
value in the variable appleCount, as follows:
int appleCount = Integer.parseInt(appleString);
Integer is a class provided by Java, and parseInt is a method of the class
Integer. The method invocation Integer.parseInt(appleString) converts
the string stored in the variable appleString into the corresponding integer
number. For example, if the string stored in appleString is "10", this

method invocation will return the integer 10.

FAQ Why do you invoke some methods using a class name
instead of an object name?
Normally, a method invocation uses an object name. For example, if
greeting is a variable of type String, we write greeting.length()
to invoke the method length. However, when we call the methods of
the class JOptionPane, we use the class name JOptionPane in place of
an object name. The same is true of the method parseInt in the class
Integer. What is the story? Some special methods do not require an object
to be invoked and, instead, are called using the class name. These methods
are called static methods and are discussed in Chapter 6. Although static
methods are only a very small fraction of all methods, they are used for
certain fundamental tasks, such as I/O, and so we have encountered them
early. You can tell whether a standard method in the Java Class Library is
static by looking at the documentation for its class on the Oracle Web site.

GOTCHA

A crash is an
abnormal end
to a program’s
execution

Inappropriate Input

A program is said to crash when it ends abnormally, usually because
TPNFUIJOH XFOU XSPOH 8IFO B QSPHSBN VTFT UIF NFUIPE JOptionPane.
showInputDialog to get input—as in Listing 2.11—the user must enter the
input in the correct format, or else the program is likely to crash. If your
program expects an integer to be entered, and the user enters 2,000 instead
of 2000, your program will crash, because integers in Java cannot contain a
comma. Later you will learn how to write more robust windowing programs
UIBUEPOPUSFRVJSFUIBUUIFVTFSCFTPLOPXMFEHFBCMFBOEDBSFGVM6OUJMUIFO 
you will have to simply tell the user to be very careful.
■
The next few statements in Listing 2.11 are only a slight variation on what
we have just discussed. A dialog box—the second one in Listing 2.11—is
produced and gets an input string from the user. The string is converted to the
corresponding integer and stored in the variable orangeCount.
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The next line of the program contains nothing new to you:
int totalFruitCount = appleCount + orangeCount;

It declares totalFruitCount as a variable of type int and sets its value to the
sum of the int values in the two variables appleCount and orangeCount.
The program now should display the number stored in the variable
totalFruitCount. This output is accomplished by the following statement:
JOptionPane.showMessageDialog(null,
"The total number of fruits = " + totalFruitCount);

This statement calls the method showMessageDialog, which is another
method in the class JOptionPane. This method displays a dialog window that
shows some output. The method has two arguments, which are separated
by a comma. For now the first argument will always be written as null. You
will have to wait for an explanation of what this nullJT6OUJMUIFO ZPVXJMM
not go too far wrong in thinking of null as a place holder that is being used
because we do not need any “real” first argument. The second argument is easy
to explain; it is the string that is written in the output dialog. So the previous
method invocation produces the third dialog shown in Listing 2.11. This
dialog stays on the screen until the user clicks the OK button with the mouse
or presses the Enter (Return) key, at which time the window disappears.
Note that you can give the method showMessageDialog its string argument
using the plus symbol in the same way you do when you give a string as an
argument to System.out.println. That is, you can append the integer value
stored in totalFruitCount to a string literal. Moreover, Java will automatically
convert the integer value stored in totalFruitCount to the corresponding string.

GOTCHA

Displaying Only a Number

In Listing 2.11 the final program output is sent to an output window by the
following statement:
JOptionPane.showMessageDialog(null,
"The total number of fruits = " + totalFruitCount);

It is good style to always label any output. So displaying the string
"The total number of fruits = "

is very important to the style and understandability of the program. Moreover,
the invocation of the method showMessageDialog will not even compile unless
you include a string in the output. For example, the following will not compile
JOptionPane.showMessageDialog(null, totalFruitCount);
//Illegal

The method showMessageDialog will not accept an int value—or a value
of any other primitive type—as its second argument. But if you connect
the variable or number to a string by using the plus symbol, the number is
converted to a string, and the argument will then be accepted.
■

Defining a dialog
for output
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System.exit(0)
must end a
program that
uses dialogs

The last program statement in Listing 2.11,
System.exit(0);

simply says that the program should end. System is a predefined Java class
that is automatically provided by Java, and exit is a method in the class
System. The method exit ends the program as soon as it is invoked. In the
programs that we will write, the integer argument 0 can be any integer, but
by tradition we use 0 because it is used to indicate the normal ending of a
program. The next chapter formally presents this method.

GOTCHA

Forgetting System.exit(0);

If you omit the last line
System.exit(0);

from the program in Listing 2.11, everything will work as we described. The
user will enter input using the input windows, and the output window will
show the output. However, when the user clicks the OK button in the output
window, the output window will go away, but the program will not end.
The “invisible” program will still be there, using up computer resources and
QPTTJCMZ LFFQJOH ZPV GSPN EPJOH PUIFS UIJOHT 8JUI XJOEPXJOH QSPHSBNT 
it ain’t over till it’s over. System.exit(0) is what really ends the program, not
running out of statements to execute. So do not forget to invoke System.
exit(0) in all of your windowing programs.
8IBU EP ZPV EP JG ZPV GPSHFU UP DBMM System.exit(0) and the program
does not end by itself? You can end a program that does not end by itself,
but the way to do so depends on your particular operating system. On many
systems (but not all), you can stop a program by typing control-C, which you
type by holding down the control (Ctrl) key while pressing the C key.
8IFOZPVXSJUFBOBQQMJDBUJPOQSPHSBNUIBUIBTBXJOEPXJOHJOUFSGBDF
rather than an applet—you always need to end the program with the statement
System.exit(0);

If the program does not use a windowing interface, such as the programs in
Sections 2.1 through 2.4, you do not need to invoke System.exit(0).
■
FAQ Why do some programs need System.exit and some do
not?
An application program that uses a windowing interface, such as the one
in Listing 2.11, must end with the following method invocation:
System.exit(0);

(continued)

2.5 Graphics Supplement
An applet or a program that uses simple text input and output—like the
ones in previous sections of this chapter—does not require this call. What
is the reason for this difference?
If a program uses simple text input and output, Java can easily tell
when it should end; the program should end when all the statements
have executed. An applet also has a built-in mechanism for ending its
execution. The applet ends when the Web page displaying it goes away
or when the applet viewer window is closed.
The situation is not so simple for application programs that have
windowing interfaces. Java cannot easily tell when a windowing
program should end. Many windowing programs end only when the user
clicks a certain button or takes certain other actions. Those details are
determined by the programmer, not by the Java language. The simple
program in this section does happen to end when all its statements have
executed. But for more complicated windowing programs, the end is not
so easy to find, so you must tell Java when to end a program’s execution
by invoking System.exit.

RECAP JOptionPane for Windowing Input/Output
You can use the methods showInputDialog and showMessageDialog
to produce input and output windows—called dialogs—for your Java
programs. When using these methods, you include the following at the
start of the file that contains your program:
import javax.swing.JOptionPane;

The syntax for input and output statements using these methods is given
below:
SYNTAX FOR INPUT
String_Variable = JOptionPane.showInputDialog(String_
Expression);

The String_Expression is displayed in a dialog window that has both a text
field in which the user can enter input and a button labeled OK. When
the user types in a string and clicks the OK button in the window, the
method returns the string. That string is stored in the String_Variable. As
an alternative, pressing the Enter (Return) key is equivalent to clicking the
OK button. Note that when input is done in this way, it is read as a string.
If you want the user to enter, for example, integers, your program must
convert the input string to the equivalent number.
(continued)
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EXAMPLE
String orangeString =
JOptionPane.showInputDialog("Enter number of oranges:");

SYNTAX FOR OUTPUT
JOptionPane.showMessageDialog(null, String_Expression);

The String_Expression is displayed in a dialog window that has a button
labeled OK. When the user clicks the OK button with the mouse or
presses the Enter (Return) key, the window disappears.
EXAMPLE
JOptionPane.showMessageDialog(null,
"The total number of fruits = " + totalFruitCount);

S E L F -TE S T QU ESTI ONS
35. In the following two lines, one identifier names a class, one identifier
OBNFTBNFUIPE BOETPNFUIJOHJTBOBSHVNFOU8IBUJTUIFDMBTTOBNF 
8IBUJTUIFNFUIPEOBNF 8IBUJTUIFBSHVNFOU
appleString =
JOptionPane.showInputDialog("Enter number of apples:");

36. Give a Java statement that will display a dialog window on the screen with
the message
I Love You.

37. Give a Java statement that, when executed, will end the program.
 8IBU XPVME IBQQFO JG ZPV PNJUUFE System.exit(0) from the program
JO -JTUJOH   8PVME UIF QSPHSBN DPNQJMF  8PVME JU SVO XJUIPVU
problems?
 8SJUFBDPNQMFUF+BWBQSPHSBNUIBUQSPEVDFTBEJBMPHXJOEPXDPOUBJOJOH
the message HelloWorld!. Your program does nothing else.
 8SJUF B DPNQMFUF +BWB QSPHSBN UIBU CFIBWFT BT GPMMPXT 5IF QSPHSBN
displays an input dialog window asking the user to enter a whole number.
8IFO UIF VTFS FOUFST B XIPMF OVNCFS BOE DMJDLT UIF 0, CVUUPO  UIF
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window goes away and an output dialog window appears. This window
TJNQMZUFMMTUIFVTFSXIBUOVNCFSXBTFOUFSFE8IFOUIFVTFSDMJDLTUIF
OK button in the window, the program ends. (Hey, this is only Chapter 2.
The programs will get complicated soon enough.)

Reading Input as Other Numeric Types
Since the method JOptionPane.showInputDialog reads a string from the user,
we had to convert it to an int in our previous program by using the method
parseIntfrom the class Integer. You can convert a number represented as a
string to any of the other numeric types by using other methods. For example,
the following code asks the user to enter a value of type double and stores it in
the variable decimalNumber of type double:
String numberString = JOptionPane.showInputDialog(
"Enter a number with a decimal point:");
double decimalNumber = Double.parseDouble(numberString);

Figure 2.9 lists the correct conversion method for each numeric primitive
type. To convert a value of type String to a value of the type given in the first
column of the figure, you use the method given in the second column. Each
of the methods in this second column returns a value of the type given in the
first column. The String_To_Convert must be a correct string representation
of a value of the type given in the first column. For example, to convert to
an int, String_To_Convert must be a whole number written in the usual way
without any decimal point and in the range of the type int. Chapter 6 will
discuss these classes and methods in more detail.

FIGURE 2.9 Methods for Converting Strings to Numbers
Result Type

Method for Converting

byte

Byte.parseByte(String_To_Convert)

short

Short.parseShort(String_To_Convert)

int

Integer.parseInt(String_To_Convert)

long

Long.parseLong(String_To_Convert)

float

Float.parseFloat(String_To_Convert)

double

Double.parseDouble(String_To_Convert)
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■ PROGRAMMING TIP

Multiline Output in a Dialog
Window

If you want to display multiple lines by using JOptionPane's method
showMessageDialog, you can insert the new-line character '\n'into the
string used as the second argument. If the string becomes too long, which
almost always happens with multiline output, you can write each line as a
separate string ending with '\n'and connect them with plus symbols. If the
lines are long or numerous, the window will expand as needed to hold all
the output.
For example, consider
JOptionPane.showMessageDialog(null,
"The number of apples\n"
+ "plus the number of oranges\n"
+ "is equal to " + totalFruit);

This invocation will produce the dialog shown in Figure 2.10, provided
totalFruit is a variable of type int whose value is 12.
FIGURE 2.10 A Dialog Window Containing Multiline
Output

■

PROGRAMMING EXAMPLE

Change-Making Program With
Windowing I/O

The program in Listing 2.12 is the same as the one in Listing 2.3, but it has
a windowing interface. Notice that both the input dialog and the output
dialog display multiple lines of text. If any of the details about calculating the
numbers of coins is unclear, look back at the explanation of Listing 2.3.
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LISTING 2.12 A Change-Making Program with Windows
for I/O (part 1 of 2)
import javax.swing.JOptionPane;
public class ChangeMakerWindow
{
public static void main(String[] args)
{
String amountString = JOptionPane.showInputDialog(
"Enter a whole number from 1 to 99.\n" +
"I will output a combination of coins\n" +
"that equals that amount of change.");
int amount, originalAmount,
quarters, dimes, nickels, pennies;
amount = Integer.parseInt(amountString);
originalAmount = amount;
quarters = amount / 25;
amount = amount % 25;
dimes = amount / 10;
amount = amount % 10;
nickels = amount / 5;
amount = amount % 5;
pennies = amount;
JOptionPane.showMessageDialog(null, originalAmount +
" cents in coins can be given as:\n" +
quarters + " quarters\n" +
dimes
+ " dimes\n" +
nickels + " nickels and\n" +
pennies + " pennies");
System.exit(0);
}
}

Do not forget that you need
System.exit i n a program with
input or output windows.

Input Dialog

(continued)
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LISTING 2.12 A Change-Making Program with
Windows for I/O (part 2 of 2)
Output Dialog

Note that we did not forget the import statement
import javax.swing.JOptionPane;

nor did we forget that an application program using JOptionPane must invoke the
method System.exit to terminate execution. If you forget the importstatement,
the compiler will complain. However, if you omit the invocation of the method
System.exit, the compiler will not complain, but your program will not end, even
after all the statements are executed and all the windows have disappeared.

CHAPTER SUMMARY
■

A variable can hold values, such as numbers. The type of the variable must
match the type of the value stored in the variable.

■

Variables and all other items in a program should be given names that indicate how they are used. These names are called identifiers in Java.

■

All variables should be given an initial value before you use them in the program. You can do this using an assignment statement, optionally combined
with the variable declaration.

■

Parentheses in arithmetic expressions indicate the order in which the operations are performed.

■

8IFOZPVHJWFBWBMVFUPBWBSJBCMFCZVTJOHBOBTTJHONFOUTUBUFNFOU UIF
data type of the variable must be compatible with the type of the value.
Otherwise, a type cast is necessary.

■

The methods in the class Scanner can be used to read keyboard input.

■

Your program should display a message to prompt the user to enter data at
the keyboard.
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■

The method println advances to a new line after it displays its output,
whereas the method print does not.

■

The method printf may be used for formatted output.

■

You can have variables and constants of type String. String is a class type
that behaves very much like a primitive type.

■

You can use the plus symbol to indicate the concatenation of two strings.

■

The class String has methods that you can use for string processing.

■

You should define names for number constants in a program and use these
names rather than writing out the numbers within your program.

■

Programs should be self-documenting to the extent possible. However, you
TIPVMEBMTPJOTFSUDPNNFOUTUPFYQMBJOBOZVODMFBSQPJOUT6TFUPCFHJO
a one-line comment, or use either of the pairs /** and */ or /* and */ to
enclose multiline comments.

■

The JFrameDMBTTDBOCFVTFEUPNBLFB(6*BQQMJDBUJPOJOBNBOOFSTJNJMBS
to an applet.

■

The method setSize resizes a JFrame window to the specified width and height.

■

You can use the class JOptionPane to create a windowing interface for input
and output.

Exercises
  8SJUFBQSPHSBNUIBUEFNPOTUSBUFTUIFBQQSPYJNBUFOBUVSFPGGMPBUJOH
point values by performing the following tasks:










t 6TFScanner to read a floating-point value x.
t $PNQVUFx and store the result in y.
t %JTQMBZx, y, and the product of x and y.
t 4VCUSBDUGSPNUIFQSPEVDUPGx and y and display the result.
Try your program with values of x that range from 2e-11 to 2e118IBU
can you conclude?

  8SJUFBQSPHSBNUIBUEFNPOTUSBUFTUZQFDBTUJOHPG double values by performing the following tasks:












t 6TF4DBOOFSUPSFBEBGMPBUJOHQPJOUWBMVFx.
t 5ZQFDBTUx to an int value and store the result in y.
t %JTQMBZx and y clearly labeled.
t 5ZQFDBTUx to a byte value and store the result in z.
t %JTQMBZx and z clearly labeled.
Try your program with positive and negative values of x that range in
magnitude from 2e-11 to 2e118IBUDBOZPVDPODMVEF
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  8SJUFBQSPHSBNUIBUEFNPOTUSBUFTUIFPQFSBUPSCZQFSGPSNJOHUIFGPMlowing tasks:












t 6TFScanner to read a floating-point value x.
t $PNQVUFx % 2.0 and store the result in y.
t %JTQMBZx and y clearly labeled.
t 5ZQFDBTUx to an int value and store the result in z.
t %JTQMBZx, z, and z % 2 clearly labeled.
Try your program with positive and negative values of x8IBUJNQMJDBUJPOT
do your results have for deciding whether a negative integer is odd?

4. If u = 2, v = 3, w = 5, × = 7, and y = 11, what is the value of each of the
following expressions, assuming int variables?
  t V W X ¨
  t V ZW X ¨
  t V W V  X
  8IBUDIBOHFTUPUIFChangeMaker program in Listing 2.3 are necessary if it
also accepts coins for one dollar and half a dollar?
6. If the intWBSJBCMF¨DPOUBJOT XIBUXJMMUIFGPMMPXJOH+BWBTUBUFNFOUT
display?
System.out.println("Test 1" + × * 3 * 2.0);
System.out.println("Test 2" + × * 3 + 2.0);

Given these results, explain why the following Java statement will not
compile:
System.out.println("Test 3" + × * 3 − 2.0);

  8SJUFTPNF+BWBTUBUFNFOUTUIBUVTFUIFString methods indexOf and substringUPGJOEUIFGJSTUXPSEJOBTUSJOH8FEFGJOFword to be a string of
characters that does not include whitespace. For example, the first word of
the string
"Hello, my good friend!"

is the string "Hello,"and the second word is the string "my".
8. Repeat the previous exercise, but find the second word in the string.
  8IBUEPFTUIFGPMMPXJOH+BWBTUBUFNFOUEJTQMBZ
System.out.println("\"\tTest\\\\\rIt\'");

%PFTSFQMBDJOHUIFr with an n make a difference in what is displayed?
 8SJUFBTJOHMF+BWBTUBUFNFOUUIBUXJMMEJTQMBZUIFXPSETone, two, and three,
each on its own line.
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 8IBUEPFTUIF+BWBDPEF
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter a string.");
int n = keyboard.nextInt();
String s = keyboard.next();
System.out.println("n is" + n);
System.out.println("s is" + s);

display when the keyboard input is 2istheinput?
 8IBUEPFTUIF+BWBDPEF
Scanner keyboard = new Scanner(System.in);
keyboard.useDelimiter("y");
System.out.println("Enter a string.");
String a = keyboard.next();
String b = keyboard.next();
System.out.println("a is" + a);
System.out.println("b is" + b);

display when the keyboard input is
By theprickingof my thumbs

13. Repeat the previous exercise, but change next to nextLine in the statement
that assigns a value to b.
14. Many sports have constants embedded in their rules. For example, baseball has 9 innings, 3 outs per inning, 3 strikes in an out, and 4 balls per
XBML8FNJHIUFODPEFUIFDPOTUBOUTGPSBQSPHSBNJOWPMWJOHCBTFCBMMBT
follows:
public
public
public
public

static
static
static
static

final
final
final
final

int
int
int
int

INNINGS = 9;
OUTS_PER_INNING = 3;
STRIKES_PER_OUT = 3;
BALLS_PER_WALK = 4;

For each of the following popular sports, give Java named constants that
could be used in a program involving that sport:












t #BTLFUCBMM
t "NFSJDBOGPPUCBMM
t 4PDDFS
t $SJDLFU
t #PXMJOH

15. Repeat Exercise 18 in Chapter 1, but define and use named constants.
 %FGJOFOBNFEDPOTUBOUTUIBUZPVDPVMEVTFJO1SPHSBNNJOH1SPKFDUJO
Chapter 1.

Graphics
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PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
  8SJUFBQS PHSBNUIBUSFBETUISFFXIPMFOVNCFSTBOEEJTQMBZTUIFBWFSBHF
of the three numbers.
  8SJUFBQSPHSBNUIBUVTFT4DBOOFSUPSFBEUXPTUSJOHTGSPNUIFLFZCPBSE
%JTQMBZFBDITUSJOH BMPOHXJUIJUTMFOHUI POUXPTFQBSBUFMJOFT5IFODSFBUFBOFXTUSJOHCZKPJOJOHUIFUXPTUSJOHT TFQBSBUFECZBCMBOL%JTQMBZ
the new string and its length on a third line.
  8SJUFBQSPHSBNUIBUSFBETUIFBNPVOUPGBNPOUIMZNPSUHBHFQBZNFOU
and the amount still owed—the outstanding balance—and then displays
the amount of the payment that goes to interest and the amount that goes
to principal (i.e., the amount that goes to reducing the debt). Assume that
UIFBOOVBMJOUFSFTUSBUFJTQFSDFOU6TFBOBNFEDPOTUBOUGPSUIFJOUFSest rate. Note that payments are made monthly, so the interest is only one
twelfth of the annual interest of 7.49 percent.
  8SJUFBQSPHSBNUIBUSFBETBGPVSEJHJUJOUFHFS TVDIBT BOEUIFO
displays it, one digit per line, like so:
1
9
9
8

Your prompt should tell the user to enter a four-digit integer. You can
then assume that the user follows directions. (Hint6TFUIFEJWJTJPOBOE
remainder operators.)
  3FQFBUUIFQSFWJPVTQSPKFDU CVUSFBEUIFGPVSEJHJUJOUFHFSBTBTUSJOH6TF
String methods instead of the hint.
  8SJUFBQSPHSBNUIBUDPOWFSUTEFHSFFTGSPN'BISFOIFJUUP$FMTJVT VTJOHUIF
formula
DegreesC = 5(DegreesF −32)/9

VideoNote
Solving a conversion
problem

Prompt the user to enter a temperature in degrees Fahrenheit as a whole
number without a fractional part. Then have the program display the
equivalent Celsius temperature, including the fractional part to at least
one decimal point. A possible dialogue with the user might be
Enter a temperature in degrees Fahrenheit: 72
72 degrees Fahrenheit is 22.2 degrees Celsius.

  8SJUFBQSPHSBNUIBUSFBETBMJOFPGUFYUBOEUIFOEJTQMBZTUIFMJOF CVUXJUI
the first occurrence of hate changed to love. For example, a possible sample
dialogue might be
Enter a line of text.
I hate you.
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I have rephrased that line to read:
I love you.

You can assume that the word hate occurs in the input. If the word hate occurs
more than once in the line, your program will replace only its first occurrence.
  8SJUFBQSPHSBNUIBUXJMMSFBEBMJOFPGUFYUBTJOQVUBOEUIFOEJTQMBZUIF
line with the first word moved to the end of the line. For example, a possible sample interaction with the user might be
Enter a line of text. No punctuation please.
Java is the language
I have rephrased that line to read:
Is the language Java

Assume that there is no space before the first word and that the end of the
first word is indicated by a blank, not by a comma or other punctuation.
Note that the new first word must begin with a capital letter.
  8SJUFBQSPHSBNUIBUBTLTUIFVTFSUPFOUFSBGBWPSJUFDPMPS BGBWPSJUFGPPE 
a favorite animal, and the first name of a friend or relative. The program
should then print the following two lines, with the user’s input replacing
the items in italics:
I had a dream that Name ate a Color Animal
and said it tasted like Food!

For example, if the user entered blue for the color, hamburger for the food,
dog for the animal, and Jake for the person’s name, the output would be
I had a dream that Jake ate a blue dog
and said it tasted like hamburger!

%POUGPSHFUUPQVUUIFFYDMBNBUJPONBSLBUUIFFOE
 8SJUFBQSPHSBNUIBUEFUFSNJOFTUIFDIBOHFUPCFEJTQFOTFEGSPNBWFOEing machine. An item in the machine can cost between 25 cents and a dollar, in 5-cent increments (25, 30, 35, . . . , 90, 95, or 100), and the machine
accepts only a single dollar bill to pay for the item. For example, a possible
dialogue with the user might be
Enter price of item
(from 25 cents to a dollar, in 5-cent increments): 45
You bought an item for 45 cents and gave me a dollar,
so your change is
2 quarters,
0 dimes, and
1 nickel.

 8SJUFBQSPHSBNUIBUSFBETBCJUCJOBSZOVNCFSGSPNUIFLFZCPBSEBTB
string and then converts it into decimal. For example, if the input is 1100,
the output should be 12. (Hint: Break the string into substrings and then

131

132

CHAPTER 2 / Basic Computation

convert each substring to a value for a single bit. If the bits are b0, b1, b2, and
b3, the decimal equivalent is 8b0+ 4b1+ 2b2+ b3.)
12. Many private water wells produce only 1 or 2 gallons of water per minute.
One way to avoid running out of water with these low-yield wells is to use a
holding tank. A family of 4 will use about 250 gallons of water per day. However, there is a “natural” water holding tank in the casing (i.e., the hole) of the
well itself. The deeper the well, the more water that will be stored that can be
pumped out for household use. But how much water will be available?
8SJUFBQSPHSBNUIBUBMMPXTUIFVTFSUPJOQVUUIFSBEJVTPGUIFXFMM
casing in inches (a typical well will have a 3-inch radius) and the depth
of the well in feet (assume water will fill this entire depth, although in
practice that will not be true since the static water level will generally be
50 feet or more below the ground surface). The program should output
the number of gallons stored in the well casing. For your reference:
The volume of a cylinder is !r2h , where r is the radius and h is the height.
1 cubic foot = 7.48 gallons of water.
For example, a 300-foot well full of water with a radius of 3 inches for the
casing holds about 441 gallons of water—plenty for a family of 4 and no
need to install a separate holding tank.
13. The Harris-Benedict equation estimates the number of calories your body
needs to maintain your weight if you do no exercise. This is called your
basal metabolic rate, or BMR.
The calories needed for a woman to maintain her weight is:
#.3     ¨ XFJHIU JO QPVOET    ¨ IFJHIU JO JODIFT 
¦ ¨BHFJOZFBST
The calories needed for a man to maintain his weight is:
#.3     ¨ XFJHIU JO QPVOET    ¨ IFJHIU JO JODIFT 
¦ ¨BHFJOZFBST

VideoNote
Solution to Project 13

"UZQJDBMDIPDPMBUFCBSXJMMDPOUBJOBSPVOEDBMPSJFT8SJUFBQSPHSBN
that allows the user to input their weight in pounds, height in inches, and
age in years. The program should then output the number of chocolate
bars that should be consumed to maintain one’s weight for both a woman
and a man of the input weight, height, and age.

Graphics

14. Repeat any of the previous programming projects using JOptionPane,
which is described in the graphics supplement.

Graphics

 8SJUFBQSPHSBNUIBUSFBETBTUSJOHGPSBEBUFJOUIFGPSNBUmonth / day /
year and displays it in the format day . month . year, which is a typical format
used in Europe. For example, if the input is 06 /17/11, the output should
be 17.06.11.Your program should use JOptionPanefor input and output.
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Answers to Self-Test Questions
1. The following are all legal variable names:
rate1, TimeLimit, numberOfWindows
TimeLimitis a poor choice, however, since it violates the normal

convention that variables should start with a lowercase letter. A better
choice would be timeLimit.1stPlayer is illegal because it starts with a
digit. myprogram.java is illegal because it contains an illegal character,
the dot. Finally, longis illegal as a variable because it is a keyword.
2. Yes, a Java program can have two different variables with the names
aVariable and avariable, since they use different capitalization and so
are different identifiers in Java. However, it is not a good idea to use identifiers that differ only in the way they are capitalized.
3. int count = 0;
4. double rate = 0.0, time = 0.0;
You could write this declaration as two statements, as follows:
double rate = 0.0;
double time = 0.0;

It is also correct to replace 0.0 with 0, because Java will automatically
convert the int value 0 to the double value 0.0:
5. int miles = 0;
double flowRate = 50.56;

6. The normal practice of programmers is to spell named constants with all
uppercase letters, using the underscore symbol to separate words.
7. public static final int HOURS_PER_DAY = 24;
8. interest = 0.05 * balance;
The following is also correct:
interest = balance * 0.05;

9. interest = balance * rate;
10. count = count + 3;
11. b
c
c

The last output is c, because the last assignment (a = b) has no quotes. This last
assignment sets the variable a equal to the value of the variable b, which is 'c'.
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12. (int)symbol – (int)'0'
To see that this works, note that it works for '0', and then see that it
works for '1', and then '2', and so forth. You can use an actual number
in place of (int)'0', but (int)'0'is a bit easier to understand.
13. quotient = 2
remainder = 1

14. (1 / 2) * 2 is equal to 0.0
Because 1/2 is integer division, the part after the decimal point is
discarded, producing 0 instead of 0.5.
15. result is -10
The expression −3 * 7 % 3− 4− 6 is equivalent to (((−3 * 7) % 3) -4) - 6
16. result is 5
17. The output would change to the following:
Enter a whole number from 1 to 99
I will find a combination of coins
that equals that amount of change.
87
2 cents in coins can be given as:
3 quarters
1 dimes
0 nickels and
2 pennies

18. n is 3
n is 2

19. How do you doSeven of Nine.
Note that there is no space in doSeven.
20. 7
b

21. defg
22. abc
def

23. abc\ndef
24. HELLO JOHN
25. False, because the strings are not equal.
26. True, because the strings are equal.
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27. System.out.println("Once upon a time,");
System.out.println("there were three little programmers.");

Since we did not specify where the next output goes, the second of these
statements could use print instead of println.
28. The method System.out.printlndisplays its output and then advances to
the next line. Subsequent output would begin on this next line. In contrast,
System.out.printdisplays its output but does not advance to the next line.
Thus, subsequent output would begin on the same line.
29. import java.util.Scanner;
public class Question29
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter two whole numbers:");
int n1 = keyboard.nextInt( );
int n2 = keyboard.nextInt( );
System.out.println("You entered: " + n1 + " " + n2);
}
}

30. import java.util.Scanner;
public class Question30
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
String word1, word2, word3;
System.out.println("Type three words on one line:");
word1 = keyboard.next( );
word2 = keyboard.next( );
word3 = keyboard.next( );
System.out.println("You typed the words");
System.out.println(word1 + " " + word2 +" " + word3);
}
}

31. Since the empty string is the second of the three strings, the output is
HelloJoe

32. There are / / comments, /* */ comments, and /** */ comments. Everything
following a / / on the same line is a comment. Everything between a /* and
a matching */ is a comment. Everything between a /** and a matching */
is a comment that is recognized by the program javadoc.
33. One
And hit it
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34. Change the line
public static final double PI = 3.14159;

to
public static final double PI = 3.14;

Since values of type double are stored with only a limited amount of
accuracy, you could argue that this is not “exactly” 3.14, but any legislator
who is stupid enough to legislate the value of pi is unlikely to be aware of
this subtlety.
35. JOptionPane is a class, showInputDialog is a method, and "Enter number
of apples:" is an argument.
36. JOptionPane.showMessageDialog(null, "I Love You.");
37. System.exit(0);
38. It would compile. It would run. It would even appear to run with no problems. However, even after all the windows have disappeared, the program
would still be running. It would continue to run and consume resources,
and nothing in the Java code would ever end the program. You would have
to use the operating system to end the program.
39. import javax.swing.JOptionPane;
public class Question39
{
public static void main(String[] args)
{
JOptionPane.showMessageDialog(null, "Hello World!");
System.exit(0);
}
}

40. You might want to convert numberString to an int, but that will not affect
anything the user sees when the program is run.
import javax.swing.JOptionPane;
public class Question40
{
public static void main(String[] args)
{
String numberString = JOptionPane.showInputDialog(
"Enter a whole number:");
JOptionPane.showMessageDialog(null, "The number is "
+ numberString);
System.exit(0);
}
}
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“Would you tell me, please, which way I ought to go from here?”
“That depends a good deal on where you want to get to,” said the Cat.
-&8*4$"330-- Alice in Wonderland

Flow of control is the order in which a program performs actions. Until
this chapter, that order has been simple. Actions were taken in the order in
which they were written down. In this chapter, we begin to show you how to
write programs having a more complicated flow of control. Java, and most
other programming languages, use two kinds of statements to regulate flow
of control. A branching statement chooses one action from a list of two or
more possible actions. A loop statement repeats an action again and again
until some stopping condition is met. Both kinds of statements form control
structures within a program. Because branching statements choose, or decide,
among possible actions, they are also called decision structures. We talk about
branching in this chapter and discuss loops in the next.

OBJECTIVES
After studying this chapter, you should be able to
t 6TFUIF+BWBCSBODIJOHTUBUFNFOUTif-else and switchJOBQSPHSBN
t $PNQBSFWBMVFTPGBQSJNJUJWFUZQF
t $PNQBSFPCKFDUTTVDIBTTUSJOHT
t 6TFUIFQSJNJUJWFEBUBUZQFboolean
t 6TFTJNQMFFOVNFSBUJPOTJOBQSPHSBN
t 6TFDPMPSJOBHSBQIJDTQSPHSBN
t 6TFUIFDMBTTJOptionPane to create a dialog box for a yes-or-no question

PREREQUISITES
Before reading this chapter, you need to be familiar with all the material in
$IBQUFS

3.1 THE if-else STATEMENT
When you have eliminated the impossible, that which remains, however
improbable, must be the truth.
—SIR ARTHUR CONAN DOYLE

When you come to a fork in the road, take it.
—ATTRIBUTED TO YOGI BERRA
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We begin our discussion of branching with a kind of Java statement that
chooses between two alternative actions.

The Basic if-else Statement
In programs, as in everyday life, things can sometimes go in one of two
different ways. If you have money in your checking account, some banks
XJMMQBZZPVBMJUUMFJOUFSFTU0OUIFPUIFSIBOE JGZPVIBWFPWFSESBXOZPVS
checking account, your account balance is negative, and you will be charged
a penalty that will make your balance even more negative. This policy might
be reflected in the bank’s accounting program by the following Java statement,
known as an if-else statement:
if (balance >= 0)
balance = balance + (INTEREST_RATE * balance) / 12;
else
balance = balance − OVERDRAWN_PENALTY;

The pair of symbols >= is used to mean greater than or equal to in Java, because
the symbol ≥ is not on the keyboard.
The meaning of an if-elseTUBUFNFOUJTSFBMMZKVTUUIFNFBOJOHJUXPVME
IBWFJGSFBEBTBO&OHMJTITFOUFODF8IFOZPVSQSPHSBNFYFDVUFTBO if-else
statement, it first checks the expression in parentheses after the keyword if.
This expression must be something that is either true or false. If it is true, the
statement before the else is executed. If the expression is false, the statement
after the else is executed. In the preceding example, if balance is positive or
zero, the following action is taken:
balance = balance + (INTEREST_RATE * balance) / 12;

4JODF XF BSF BEEJOH JOUFSFTU GPS POMZ POF NPOUI  XF IBWF UP EJWJEF UIF
BOOVBM JOUFSFTU SBUF CZ   0O UIF PUIFS IBOE  JG UIF WBMVF PG balance is
negative, the following is done instead:
balance = balance − OVERDRAWN_PENALTY;

Figure 3.1 illustrates the action of this if-elseTUBUFNFOU BOE-JTUJOH
shows it in a complete program.
The expression balance >= 0 is an example of a boolean expression. It is
simply an expression that is either true or false. The name boolean is derived
GSPN(FPSHF#PPMF BUIDFOUVSZ&OHMJTIMPHJDJBOBOENBUIFNBUJDJBOXIPTF
work was related to these kinds of expressions. We will investigate boolean
expressions in the next section.
Notice that an if-else statement contains two smaller statements within
it. For example, the if-else TUBUFNFOU JO -JTUJOH  DPOUBJOT XJUIJO JU UIF
following two smaller statements:
balance = balance + (INTEREST_RATE * balance) / 12;
balance = balance − OVERDRAWN_PENALTY;

if-else offers
a choice of two
actions
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FIGURE 3.1 The Action of the if-else Statement in Listing 3.1
if (balance >= 0)
balance = balance + (INTEREST_RATE * balance) / 12;
else
balance = balance - OVERDRAWN_PENALTY;

Start

Evaluate
balance >= 0

True

False

Execute

Execute

balance = balance +
(INTEREST_RATE * balance) / 12;

balance = balance OVERDRAWN_PENALTY;

Note that these smaller statements are indented one more level than the if
and the else.

■ PROGRAMMING TIP
Indentation in
a program aids
readability

Indentation

We talked about indentation in the previous chapter. It is a stylistic convention
that you really should follow. Although the compiler ignores indentation,
inconsistent use of this convention will confuse the people who read your
program and likely will cause you to make mistakes.
■
If you want to include more than one statement in each branch, simply
enclose the statements in braces { } 4FWFSBM TUBUFNFOUT FODMPTFE XJUIJO
CSBDFTBSFDPOTJEFSFEUPCFPOFMBSHFSTUBUFNFOU4PUIFGPMMPXJOHJTPOFMBSHF
statement that has two smaller statements inside it:
{
System.out.println("Good for you. You earned interest.");
balance = balance + (INTEREST_RATE * balance) / 12;
}

These statements formed by enclosing a list of statements within braces are
called compound statements. They are seldom used by themselves but are

3.1 The if-else Statement

LISTING 3.1 A Program Using if-else
import java.util.Scanner;
public class BankBalance
{
public static final double OVERDRAWN_PENALTY = 8.00;
public static final double INTEREST_RATE = 0.02; //2% annually
public static void main(String[] args)
{
double balance;
System.out.print("Enter your checking account
balance: $");
Scanner keyboard = new Scanner(System.in);
balance = keyboard.nextDouble();
System.out.println("Original balance $" + balance);
if (balance >= 0)
balance = balance + (INTEREST_RATE * balance)
/ 12;
else
balance = balance - OVERDRAWN_PENALTY;
System.out.print("After adjusting for one month ");
System.out.println("of interest and penalties,");
System.out.println("your new balance is $" + balance);
}
}

Sample Screen Output 1
Enter your checking account balance: $505.67
Original balance $505.67
After adjusting for one month of interest and penalties,
your new balance is $506.51278

Sample Screen Output 2
Enter your checking account balance: $-15.53
Original balance $ -15.53
After adjusting for one month of interest and penalties,
your new balance is $ -23.53
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often used as substatements of larger statements, such as if-else statements.
The preceding compound statement might occur in an if-else statement
such as the following:

Braces group
multiline
actions to form
a compound
statement

if (balance >= 0)
{
System.out.println("Good for you. You earned interest.");
balance = balance + (INTEREST_RATE * balance) / 12;
}
else
{
System.out.println("You will be charged a penalty.");
balance = balance − OVERDRAWN_PENALTY;
}

Notice that compound statements can simplify our description of an if-else
TUBUFNFOU0ODFXFLOPXBCPVUDPNQPVOETUBUFNFOUT XFDBOTBZUIBUFWFSZ
if-else statement is of the form
if(Boolean_Expression)
Statement_1
else
Statement_2

else is optional

*GZPVXBOUPOFPSCPUICSBODIFTUPDPOUBJOTFWFSBMTUBUFNFOUTJOTUFBEPGKVTU
one, use a compound statement for Statement_1 and/or Statement_2'JHVSF
summarizes the semantics, or meaning, of an if-else statement.

FIGURE 3.2 The Semantics of the if-else Statement
if (Boolean_Expression)

Start

Statement_1
else

Statement_2

Evaluate
Boolean_Expression
True

Execute Statement_1

False

Execute Statement_2

3.1 The if-else Statement
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FIGURE 3.3 The Semantics of an if Statement Without an else
if (Boolean_Expression)

Start

Statement

Evaluate
Boolean_Expression
True

Execute Statement

False

Continue with statement
after Statement

If you omit the else part, the program simply skips Statement when the
if statement’s expression is false, as Figure 3.3 illustrates. For example, if your
bank does not charge an overdraft penalty, the statement shown previously
would be shortened to the following:
if (balance >= 0)
{
System.out.println("Good for you. You earned interest.");
balance = balance + (INTEREST_RATE * balance) / 12;
}

To see how this statement works, let’s give it a little more context by
adding some additional statements, as follows, where keyboard is a Scanner
PCKFDUPGUIFVTVBMTPSU
System.out.print("Enter your balance $");
balance = keyboard.nextDouble();
if (balance >= 0)
{
System.out.println("Good for you. You earned interest.");
balance = balance + (INTEREST_RATE * balance) / 12;
}
System.out.println("Your new balance is $" + balance);

&YFDVUJOH UIFTF TUBUFNFOUT XIFO ZPVS DIFDLJOH BDDPVOU CBMBODF JT 
would produce the following interaction:
Enter your balance $100.00
Good for you. You earned interest.
Your new balance is $100.16

if without else
either performs
an action or does
not
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4JODFUIFFYQSFTTJPObalanceJTUSVF ZPVFBSOTPNFJOUFSFTU&YBDUMZIPX
NVDI JT JSSFMFWBOU UP UIJT FYBNQMF )PXFWFS  XF VTFE BO JOUFSFTU SBUF PG 
QFSDFOUQFSZFBS BTJO-JTUJOH
Now suppose that your account is overdrawn and has a balance of minus
5IFPVUQVUXPVMEUIFOCFBTGPMMPXT
Enter your balance $ -50.00
Your new balance is $ -50.00

In this case, the expression balance >= 0 is false, but since there is no else
QBSU OPUIJOHIBQQFOTUIFCBMBODFJTOPUDIBOHFE BOEUIFQSPHSBNTJNQMZ
goes on to the next statement, which is an output statement.

RECAP if-else Statements
SYNTAX (BASIC FORM)
if (Boolean_Expression)
Statement_1
else
Statement_2

If the expression Boolean_Expression is true, Statement_1 is executed;
otherwise, Statement_2 is executed.
EXAMPLE
if (time < limit)
System.out.println("You made it.");
else
System.out.println("You missed the deadline.");

SYNTAX (NO else PART)
if (Boolean_Expression)
Statement

If the expression Boolean_Expression is true, Statement is executed;
otherwise, Statement is ignored and the program goes on to the next
statement.
EXAMPLE
if (weight > ideal)
calorieAllotment = calorieAllotment − 500;

(continued)

3.1 The if-else Statement
COMPOUND STATEMENT ALTERNATIVES
Each of Statement, Statement_1, and Statement_2 can be a compound
statement. If you want to include several statements to be executed for
a given branch of the expression, group them between braces, as in the
following example:
if (balance >= 0)
{
System.out.println("Good for you. You earned interest.");
balance = balance + (INTEREST_RATE * balance) / 12;
}
else
{
System.out.println("You will be charged a penalty.");
balance = balance – OVERDRAWN_PENALTY;
}

Boolean Expressions
We have already been using simple boolean expressions in if-else statements.
The simplest boolean expressions compare two smaller expressions, as in
these examples:
balance >= 0

and
time < limit

Figure 3.4 shows the various Java comparison operators you can use to
compare two expressions.
FIGURE 3.4 Java comparison operators
Math
Notation

Name

Java
Notation

Java Examples

=

Equal to

==

balance == 0
answer == 'y'

≠

Not equal to

!=

income != tax
answer != 'y'

>

Greater than

>

expenses > income

≥

Greater than or equal to

>=

points >= 60

<

Less than

<

pressure < max

≤

Less than or equal to

<=

expenses <= income
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Note that a boolean expression need not begin and end with parentheses.
However, a boolean expression does need to be enclosed in parentheses when
it is used in an if-else statement.

GOTCHA

Using = Instead of = = to Test for Equality

The operator = is the assignment operator. Although this symbol means
equality in mathematics, it does not have this meaning in Java. If you write if
(x = y) instead of if (x == y) to test whether x and y are equal, you will get
a syntax error message.
■

GOTCHA

Using = = or != to Compare Floating-Point Values

The previous chapter warned that floating-point numbers must be thought of
as approximations. Numbers that have a fractional part can have an infinite
OVNCFSPGEJHJUT4JODFUIFDPNQVUFSDBOTUPSFPOMZBMJNJUFEOVNCFSPGEJHJUT
in a fraction, floating-point numbers often are not exact. These approximations
can get even less accurate after every operation in a calculation.
Thus, if you compute two floating-point values, they likely will not be
exactly equal. Two values that are almost equal might be all you can hope for.
Therefore, you should not use == to compare floating-point numbers. Using
the != operator can cause the same problem.
Instead, to test two floating-point numbers for “equality,” you see whether
they differ by so little that it could only be due to their approximate nature. If
so, you can conclude that they are “close enough” to be considered equal. ■
You can form more complicated boolean expressions from simpler ones
CZ KPJOJOH UIFN XJUI UIF logical operator &&, which is the Java version of
and. For example, consider the following:
&& means and

if ((pressure > min) && (pressure < max))
System.out.println("Pressure is OK.");
else
System.out.println("Warning: Pressure is out of range.");

If the value of pressure is greater than min and the value of pressure is less
than max, the output will be
Pressure is OK.

0UIFSXJTF UIFPVUQVUXJMMCF
Warning: Pressure is out of range.

Note that you cannot write
min < pressure < max

Incorrect!

3.1 The if-else Statement

Instead, you must express each inequality separately and connect them with
&&, as follows:
(pressure > min) && (pressure < max)

When you form a larger boolean expression by connecting two smaller
expressions with &&, the entire larger expression is true only if both of the
smaller expressions are true. If at least one of the smaller expressions is false,
the larger expression is false. For example,
(pressure > min) && (pressure < max)

is true provided that both (pressure > min BOE pressure < max BSFUSVF
otherwise, the expression is false.

RECAP Use && for and
The symbol pair && means and in Java. You can use && to form a larger
boolean expression out of two smaller boolean expressions.
SYNTAX
(Sub_Expression_1) && (Sub_Expression_2)

This expression is true if and only if both Sub_Expression_1 and Sub_
Expression_2 are true.
EXAMPLE
if ((pressure > min) && (pressure < max))
System.out.println("Pressure is OK.");
else
System.out.println("Warning: Pressure is out of " +
"range.");

*OTUFBEPGKPJOJOHCPPMFBOFYQSFTTJPOTXJUIand ZPVDBOKPJOUIFNXJUI
or. The Java way of expressing or is ||, which you create by typing two vertical
lines. (The symbol | BQQFBST PO TPNF TZTUFNT XJUI B HBQ JO UIF MJOF  5IF
meaning of the operator ||JTFTTFOUJBMMZUIFTBNFBTUIF&OHMJTIXPSEor. For || means or
example, consider
if ((salary > expenses) || (savings > expenses))
System.out.println("Solvent");
else
System.out.println("Bankrupt");
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If the value of salary is greater than the value of expenses or the value of
savings is greater than the value of expenses or both are true, then the output
will be SolventPUIFSXJTF UIFPVUQVUXJMMCFBankrupt.

RECAP Use || for or
The symbol pair || means or in Java. You can use || to form a larger
boolean expression out of two smaller boolean expressions.
SYNTAX
(Sub_Expression_1) || (Sub_Expression_2)

This expression is true if either Sub_Expression_1 or Sub_Expression_2 is
true or both are true.
EXAMPLE
if ((salary > expenses) || (savings > expenses))
System.out.println("Solvent");
else
System.out.println("Bankrupt");

As we noted earlier, the boolean expression in an if-else statement must
be enclosed in parentheses. An if-else statement that uses the && operator is
normally parenthesized as follows:
Parentheses
clarify the
meaning of
a boolean
expression

! means negate

if ((pressure > min) && (pressure < max))

The parentheses in (pressure > min) and in (pressure < max) are not
required, but we will normally include them to aid readability. Parentheses
are used in expressions containing the operator || in the same way that they
are used with &&.
In Java, you can negate a boolean expression by preceding it with !. For
example,
if (!(number >= min))
System.out.println("Too small");
else
System.out.println("OK");

If number is not greater than or equal to min, the output will be Too small
otherwise, the output will be OK.
You often can avoid using !, and you should do so when possible. For
example, the previous if-else statement is equivalent to

3.1 The if-else Statement

FIGURE 3.5 Avoiding the Negation Operator
! (A Op B ) Is Equivalent to (A Op B )
<
<=
>
>=
==
!=

>=
>
<=
<
!=
==

if (number < min)
System.out.println("Too small");
else
System.out.println("OK");

'JHVSFTIPXTIPXUPUSBOTGPSNBOFYQSFTTJPOPGUIFGPSN
!(A Comparison_Operator B)

to one without the negation operator.
If you can avoid using !, your programs should be easier to understand.
However, we will encounter situations that use this operator naturally and
clearly. In particular, we can use !JOUIFDPOUFYUPGBMPPQXIJDIXFDPWFSJO
UIFOFYUDIBQUFSUPOFHBUFUIFWBMVFPGBCPPMFBOWBSJBCMF XIJDIXFEJTDVTT
later in this chapter.

RECAP Use ! for not
The symbol ! means not in Java. You can use ! to negate the value of a
boolean expression. Doing so is more common when the expression is a
boolean variable. Otherwise, you often can rewrite a boolean expression
to avoid negating it.
SYNTAX
!Boolean_Expression

The value of this expression is the opposite of the value of the boolean
expression: It is true if Boolean_Expression is false and false if Boolean_
Expression is true.
(continued)
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EXAMPLE
if (!(number < 0))
System.out.println("OK");
else
System.out.println("Negative!");

Figure 3.6 summarizes the three logical operators. Java combines the
values of true and false according to the rules given in the chart in Figure 3.7.
For example, if boolean expression A is true, and boolean expression B is false,
A && B evaluates to false.

VideoNote
Writing boolean
expressions

Comparing Strings

Use the equals
method, not ==,
to see whether
two strings are
equal

5P UFTU XIFUIFS UXP WBMVFT PG B QSJNJUJWF UZQFTVDI BT UXP OVNCFSTBSF
equal, you use the equality operator ==. But == has a different meaning when
BQQMJFE UP PCKFDUT 3FDBMM UIBU B TUSJOH JT BO PCKFDU PG UIF DMBTT String, so ==
applied to two strings does not test whether the strings are equal. To see whether
two strings have equal values, you must use the method equals rather than ==.
For example, the boolean expression s1.equals(s2) returns true if the strings
s1 and s2IBWFFRVBMWBMVFT BOESFUVSOTGBMTFPUIFSXJTF5IFQSPHSBNJO-JTUJOH
illustrates the use of the method equals. Notice that the two expressions
s1.equals(s2)
s2.equals(s1)

are equivalent.
-JTUJOH  BMTP EFNPOTUSBUFT UIF String method equalsIgnoreCase.
This method behaves like equals, except that equalsIgnoreCase considers
the uppercase and lowercase versions of the same letter to be the same. For
example, "Hello" and "hello" are not equal because their first characters, 'H'
and 'h', are different characters. But the method equalsIgnoreCase would
consider them equal. For example, the following will display Equal:
if ("Hello".equalsIgnoreCase("hello"))
System.out.println("Equal");

FIGURE 3.6 Java Logical Operators
Name

Java Notation

Java Examples

Logical and

&&

(sum > min) && (sum < max)

Logical or

||

(answer == 'y') || (answer == 'Y')

Logical not

!

!(number < 0)

3.1 The if-else Statement

FIGURE 3.7 The Effect of the Boolean Operators && (and ), || (or),
and ! (not) on Boolean Values
Value of A

Value of B

Value of
A && B

Value of
A || B

Value of!(A )

true

true

true

true

false

true

false

false

true

false

false

true

false

true

true

false

false

false

false

true

Notice that it is perfectly valid to use the quoted string "Hello" in the
invocation of equalsIgnoreCase"RVPUFETUSJOHJTBOPCKFDUPGUZQF String
BOEIBTBMMUIFNFUIPETUIBUBOZPUIFSPCKFDUPGUZQFString has.
LISTING 3.2 Testing Strings for Equality (part 1 of 2)
import java.util.Scanner;
public class StringEqualityDemo
{
public static void main(String[] args)
{
String s1, s2;
System.out.println("Enter two lines of text:");
Scanner keyboard = new Scanner(System.in);
s1 = keyboard.nextLine();
These two invocations of
s2 = keyboard.nextLine();
the method equals are

equivalent.
if (s1.equals(s2))
System.out.println("The two lines are equal.");
else
System.out.println("The two lines are not equal.");
if (s2.equals(s1))
System.out.println("The two lines are equal.");
else
System.out.println("The two lines are not equal.");

if (s1.equalsIgnoreCase(s2))
System.out.println(
"But the lines are equal, ignoring case.");
else
System.out.println(
"Lines are not equal, even ignoring case.");
}
}

(continued )
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LISTING 3.2 Testing Strings for Equality (part 2 of 2)
Sample Screen Output
Enter two lines of text:
Java is not coffee.
Java is NOT COFFEE.
The two lines are not equal.
The two lines are not equal.
But the lines are equal, ignoring case.

GOTCHA

Using == with Strings

8IFOBQQMJFEUPUXPTUSJOHT PSBOZUXPPCKFDUT UIFPQFSBUPS== tests whether
they are stored in the same memory location. We will discuss that concept in
$IBQUFS CVUGPSOPX XFOFFEPOMZSFBMJ[FUIBU== does not test whether two
strings have the same values.
For the kinds of applications we consider in this chapter, using == to test
for equality of strings can appear to give you the correct answer. However,
doing so is a dangerous habit to acquire. You should always use the method
equals rather than == to test strings. Analogous comments apply to the other
comparison operators, such as <, and the method compareTo, as you will
soon see.
■

RECAP The Methods equals and equalsIgnoreCase
When testing strings for equality, use either of the methods equals or
equalsIgnoreCase.
SYNTAX
String.equals(Other_String)
String.equalsIgnoreCase(Other_String)

EXAMPLE
String s1 = keyboard.next(); //keyboard is a Scanner object
if (s1.equals("Hello"))
System.out.println("The string is Hello.");
else
System.out.println("The string is not Hello.");

3.1 The if-else Statement

Programs frequently need to compare two strings to see which is
alphabetically before the other. Just as you should not use the == operator to
test for equality of strings, you should not use operators such as < and > to test
for alphabetic order. Instead you should use the String method compareTo,
XIJDIXFEFTDSJCFEJO'JHVSFPG$IBQUFS
The method compareTo tests two strings to determine their lexicographic
order. -FYJDPHSBQIJD PSEFS JT TJNJMBS UP BMQIBCFUJD PSEFS BOE JT TPNFUJNFT 
but not always, the same as alphabetic order. In lexicographic ordering, the
letters and other characters are ordered according to their Unicode sequence,
which is shown in the appendix of this book.
If s1 and s2 are two variables of type String that have been given String
values, the method call
s1.compareTo(s2)

compares the lexicographic ordering of the two strings and returns
t "OFHBUJWFOVNCFSJGs1 comes before s2
t ;FSPJGUIFUXPTUSJOHTBSFFRVBM
t "QPTJUJWFOVNCFSJGs1 comes after s2
Thus, the boolean expression
s1.compareTo(s2) < 0

is true if s1 comes before s2 in lexicographic order and false otherwise. For
example, the following will produce correct output:
if (s1.compareTo(s2) < 0)
System.out.println(s1 + " precedes " + s2 "+"
"in lexicographic ordering");
else if (s1.compareTo(s2) > 0)
System.out.println(s1 + " follows " + s2 "+"
"in lexicographic ordering");
else//s1.compareTo(s2) == 0
System.out.println(s1 + " equals " + s2);

But suppose that we want to check for alphabetic ordering, not
lexicographic ordering. If you look at a Unicode chart, you will see that all
uppercase letters come before all lowercase letters in lexicographic order. For
example, 'Z' comes before 'a' MFYJDPHSBQIJDBMMZ 4P XIFO DPNQBSJOH UXP
strings consisting of a mix of lowercase and uppercase letters, lexicographic
order and alphabetic order are not the same. However, in Unicode, all the
lowercase letters are in alphabetic order and all the uppercase letters are in
BMQIBCFUJDPSEFS4PGPSBOZUXPTUSJOHTPGBMMMPXFSDBTFMFUUFST MFYJDPHSBQIJD
PSEFSJTUIFTBNFBTPSEJOBSZBMQIBCFUJDPSEFS4JNJMBSMZ GPSBOZUXPTUSJOHT
of all uppercase letters, lexicographic order is the same as ordinary alphabetic
order. Thus, to compare two strings of letters for ordinary alphabetic order,
you need only convert the two strings to either all uppercase letters or all

153

Use the
compareTo
method to
compare strings
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MPXFSDBTFMFUUFSTBOEUIFODPNQBSFUIFNGPSMFYJDPHSBQIJDPSEFSJOH-FUTMPPL
at the Java details.
4VQQPTFXFBSCJUSBSJMZDPOWFSUPVSUXPTUSJOHTPGMFUUFST  s1 and s2, to all
uppercase. We then use compareTo to test the uppercase versions of s1 and s2
for lexicographic ordering. The following will produce correct output:
String upperS1 = s1.toUpperCase();
String upperS2 = s2.toUpperCase();
if (upperS1.compareTo(upperS2) < 0)
System.out.println(s1 + " precedes " + s2 "+"
"in ALPHABETIC ordering");
else if (upperS1.compareTo(upperS2) > 0)
System.out.println(s1 + " follows " + s2 "+"
"in ALPHABETIC ordering");
else//s1.compareTo(s2) == 0
System.out.println(s1 + " equals " + s2 + "
ignoring case");

■ PROGRAMMING TIP

Alphabetic Order

To see whether two strings of letters are in alphabetic order, you must ensure
that all the letters have the same case before using the method compareTo to
compare the strings. You can use either of the String methods toUpperCase
or toLowerCase to accomplish this. If you were to omit this step, using
compareTo would compare lexicographic order instead of alphabetic order.
■

S E L F -TE S T QU ESTI ONS
 4VQQPTF goals is a variable of type int. Write an if-else statement that
displays the word Wow if the value of the variable goals is greater than 10
and displays the words Oh Well if the value of goals is at most 10.
 4VQQPTF goals and errors are variables of type int. Write an if-else
statement that displays the word Wow if the value of the variable goals
is greater than 10 and the value of errors JT  0UIFSXJTF  UIF if-else
statement should display the words Oh Well.
 4VQQPTF salary and deductions are variables of type double that have
been given values. Write an if-else statement that displays OK and
sets the variable net equal to salary minus deductions, provided that
salary is at least as large as deductions. If, however, salary is less than
deductions, the if-else statement should simply display the words No
Way but not change the value of any variables.

3.1 The if-else Statement
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 4VQQPTF speed and visibility are variables of type int. Write an if
statement that sets the variable speedFRVBMUPBOEEJTQMBZTUIFXPSE
Caution, provided the value of speedJTHSFBUFSUIBOBOEUIFWBMVFPG
visibilityJTVOEFS5IFSFJTOPelse part.
 4VQQPTFsalary and bonus are variables of type double. Write an if-else
statement that displays the word OK provided that either salary is greater
than or equal to MIN_SALARY or bonus is greater than or equal to MIN_
BONUS 0UIFSXJTF  JU TIPVME EJTQMBZ Toolow. MIN_SALARY and MIN_BONUS
are named constants.
6. Assume that nextWord is a String variable that has been given a value
consisting entirely of letters. Write some Java code that displays the
message First half of the alphabet, provided that nextWord precedes
the letter N in alphabetic ordering. If nextWord does not precede N in
alphabetic ordering, your code should display Second half of the
alphabet. Be careful when you represent the letter N. You will need a
String value, as opposed to a char value.
 4VQQPTFx1 and x2 are two variables that have been given values. How do
you test whether the values are equal when the variables are of type int?
How about when the variables are of type String?

Nested if-else Statements
An if-else statement can contain any sort of statements within it. In
particular, you can nest one if-else statement within another if-else
statement, as illustrated by the following:
if (balance >= 0)
if (INTEREST_RATE >= 0)
balance = balance + (INTEREST_RATE * balance) / 12;
else
System.out.println("Cannot have a negative interest.");
else
balance = balance − OVERDRAWN_PENALTY;

If the value of balance is greater than or equal to zero, the entire following
if-else statement is executed:
if (INTEREST_RATE >= 0)
balance = balance + (INTEREST_RATE * balance) / 12;
else
System.out.println("Cannot have a negative interest.");

The nested statements can be made clearer by adding braces, as follows:

Any action within
an if-else
statement can be
another if-else
statement
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if (balance >= 0)
{
if (INTEREST_RATE >= 0)
balance = balance + (INTEREST_RATE * balance)/12;
else
System.out.println("Cannot have a negative interest.");
}
else
balance = balance − OVERDRAWN_PENALTY;

In this case, the braces are an aid to clarity but are not, strictly speaking,
needed.
In other cases, braces are needed. If we omit an else, for example, things
get a bit trickier. The following two statements differ in appearance only in
that one has a pair of braces, but they do not have the same meaning:
//First Version − Braces
if (balance >= 0)
{
if (INTEREST_RATE >= 0)
balance = balance + (INTEREST_RATE * balance)/12;
}
else
balance = balance − OVERDRAWN_PENALTY;
//Second Version - No Braces
if (balance >= 0)
if (INTEREST_RATE >= 0)
balance = balance + (INTEREST_RATE * balance)/12;
else
balance = balance − OVERDRAWN_PENALTY;

In an if-else statement, each else is paired with the nearest preceding
unmatched if5IFTFDPOEWFSTJPOXJUIPVUCSBDFTQBJSTUIF else with the
second if, despite the misleading indentation. Thus, the meaning is
//Equivalent to Second Version
if (balance >= 0)
{
if (INTEREST_RATE >= 0)
balance = balance + (INTEREST_RATE * balance)/12;
else
balance = balance OVERDRAWN_PENALTY;
}

To clarify the difference a bit more, consider what happens when balance
is greater than or equal to zero. In the first version, the following action occurs:
if (INTEREST_RATE >= 0)
balance = balance + (INTEREST_RATE * balance)/12;

3.1 The if-else Statement

If balance is not greater than or equal to zero in the first version, the following
action is taken instead:
balance = balance − OVERDRAWN_PENALTY;

In the second version, if balance is greater than or equal to zero, the following
entire if-else statement is executed:
if (INTEREST_RATE >= 0)
balance = balance + (INTEREST_RATE * balance)/12;
else
balance = balance − OVERDRAWN_PENALTY;

If balance is not greater than or equal to zero in the second version, no action
is taken.

■ PROGRAMMING TIP

Matching else and if

In an if-else statement, each else is paired with the nearest preceding
unmatched if. Use indentation that is consistent with the meaning of the
statement to clarify your intent. But remember that the compiler ignores
indentation. When in doubt, use braces to make the statement’s meaning
explicit.
■

Multibranch if-else Statements
If you have the ability to branch two ways, you have the ability to branch four
ways. Just branch two ways and have each of those two outcomes branch two
ways. Using this trick, you can nest if-else statements to produce multiway
branches that result in any number of possibilities. Programmers have a
standard way of doing this. In fact, it has become so standard that it is treated
BTJGJUXFSFBOFXLJOEPGCSBODIJOHTUBUFNFOUSBUIFSUIBOKVTUTFWFSBMOFTUFE
if-elseTUBUFNFOUT-FUTTUBSUXJUIBOFYBNQMF
4VQQPTF balance is a variable that holds your checking account balance,
BOEZPVXBOUUPLOPXXIFUIFSZPVSCBMBODFJTQPTJUJWF OFHBUJWF PWFSESBXO 
or zero. To avoid any questions about accuracy, let’s say balance is the number
of dollars in your account, with the cents ignored. That is, let’s assume that
balance is of type int. To find out if your balance is positive, negative, or
zero, you could use the following nested if-else statement:
if (balance > 0)
System.out.println("Positive balance");
else
if (balance < 0)
System.out.println("Negative balance");
else
if (balance == 0)
System.out.println("Zero balance");
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A multibranch
if-else
statement offers
a choice among
several actions

Only one action
occurs

An equivalent, clearer, and preferred way to write this statement is as
follows:
if (balance > 0)
System.out.println("Positive balance");
else if (balance < 0)
System.out.println("Negative balance");
else if (balance == 0)
System.out.println("Zero balance");

We call this form a multibranch if-else statement. This statement is really
an ordinary nested if-else statement, but the way we have indented it reflects
the way we think about multibranch if-else statements.
When a multibranch if-else statement is executed, the computer
tests the boolean expressions one after the other, starting from the top.
When the first true boolean expression is found, the statement following
that true boolean expression is executed. For example, if balance is greater
than zero, the preceding code will display Positive balance. If balance
is less than zero, then Negative balance is displayed. Finally, if balance
is equal to zero, the code displays Zero balance&YBDUMZPOFPGUIFUISFF
possible outputs will be produced, depending on the value of the variable
balance.
In this first example, we had three possibilities, but you can have any
OVNCFSPGQPTTJCJMJUJFTKVTUBEENPSFelse-if parts. Also, the possibilities
in this example were mutually exclusive. That is, only one possibility is
true at a given time. However, you can use any boolean expressions, even
if they are not mutually exclusive. If more than one boolean expression is
true, only the action associated with the first true boolean expression is
executed. A multibranch if-else statement never performs more than one
action.
If none of the boolean expressions is true, nothing happens. However, it
is a good practice to add an elseDMBVTFXJUIPVUBOZifBUUIFFOEUIBUXJMM
be executed in case none of the boolean expressions is true. In fact, we can
rewrite our original checking-account example in this way. We know that, if
balanceJTOFJUIFSQPTJUJWFOPSOFHBUJWF JUNVTUCF[FSP4PXFEPOPUOFFE
the last test:
if (balance == 0)

Thus, our previous multibranch if-else statement is equivalent to the
following one:
Write a final
else clause

if (balance > 0)
System.out.println("Positive balance");
else if (balance < 0)
System.out.println("Negative balance");
else
System.out.println("Zero balance");

3.1 The if-else Statement
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RECAP Multibranch if-else Statement
SYNTAX
if (Boolean_Expression_1)
Action_1
else if (Boolean_Expression_2)
Action_2
.
.
.
else if (Boolean_Expression_n)
Action_n
else
Default_Action

The actions are Java statements. The boolean expressions are tested
one after the other, starting from the top one. As soon as a boolean
expression is found to be true, the action following that true boolean
expression is executed, and subsequent tests and actions are ignored.
The Default_Action is executed if none of the boolean expressions
is true. Figure 3.8 illustrates the semantics of this form of if-else
statement.
EXAMPLE
if (number < 10)
System.out.println("number
else if (number < 50)
System.out.println("number
else if (number < 100)
System.out.println("number
else
System.out.println("number

PROGRAMMING EXAMPLE

< 10");
>= 10 and number < 50");
>= 50 and number < 100");
>= 100.");

Assigning Letter Grades

-JTUJOH  DPOUBJOT B QSPHSBN UIBU BTTJHOT MFUUFS HSBEFT BDDPSEJOH UP UIF
traditional rule that a score of 90 or above is an A, a score in the 80s is a B, and
so forth.
Note that, as with any multibranch if-else statement, the boolean
expressions are evaluated in order, and so the second boolean expression is
not checked unless the first boolean expression is found to be false. Thus,

VideoNote
Using multibranch if-else
statements
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FIGURE 3.8 The Semantics of a Multibranch if-else Statement
if (Boolean_Expression_1)

Start

Action_1
else if (Boolean_Expression_2)

Action_2
.
.
.
else if (Boolean_Expression_n)

Evaluate
Boolean_
Expression_1
True

Action_n
else

Default_Action
False

Execute Action_1
Evaluate
Boolean_
Expression_2
True

False

Execute Action_2

Evaluate
Boolean_
Expression_n
True

Execute Action_n

False

Execute Default_Action

when and if the second boolean expression is checked, we know that the first
boolean expression is false, and therefore we know that score is less than 90.
Thus, the multibranch if-else statement would have the same meaning
if we replaced
(score >= 80)

3.1 The if-else Statement

with
((score >= 80) && (score < 90))

Using the same sort of reasoning on each boolean expression, we see that the
multibranch if-elseTUBUFNFOUJO-JTUJOHJTFRVJWBMFOUUPUIFGPMMPXJOH
if (score >= 90)
grade = 'A';
else if ((score >= 80) && (score < 90))
grade = 'B';
else if ((score >= 70) && (score < 80))
grade = 'C';
else if ((score >= 60) && (score < 70))
grade = 'D';
else
grade = 'F';

.PTU QSPHSBNNFST XPVME VTF UIF WFSTJPO JO -JTUJOH   CFDBVTF JU JT B CJU
more efficient and is more elegant, but either version is acceptable.
LISTING 3.3 Assigning Letter Grades Using a
Multibranch if-else Statement (part 1 of 2)
import java.util.Scanner;
public class Grader
{
public static void main(String[] args)
{
int score;
char grade;
System.out.println("Enter your score: ");
Scanner keyboard = new Scanner(System.in);
score = keyboard.nextInt();
if (score >= 90)
grade = 'A';
else if (score >= 80)
grade = 'B';
else if (score >= 70)
grade = 'C';
else if (score >= 60)
grade = 'D';
else
grade = 'F';
System.out.println("Score = " + score);
System.out.println("Grade = " + grade);
}
}

(continued )

161

162

CHAPTER 3 / Flow of Control: Branching

LISTING 3.3 Assigning Letter Grades Using a
Multibranch if-else Statement (part 2 of 2)
Sample Screen Output
Enter your score:
85
Score = 85
Grade = B

CASE STUDY Body Mass Index
5IF CPEZ NBTT JOEFY #.*  JT VTFE UP FTUJNBUF UIF SJTL PG XFJHIUSFMBUFE
QSPCMFNT CBTFE PO B TVCKFDUT IFJHIU BOE NBTT *U XBT EFTJHOFE CZ UIF
mathematician Adolphe Quetelet in the 1800s and is sometimes referred to as
the Quetelet index. The BMI is computed as
BMI =

mass
height2

In this formula, mass is in kilograms and height is in meters. The health risk
associated with a BMI value is
t 6OEFSXFJHIU
t /PSNBMXFJHIUôBOE
t 0WFSXFJHIUôBOE
t 0CFTFô
In this case study the users input their weight in pounds and height in feet and
inches. The program then outputs the BMI and associated health risk. To do
UIJTXFNVTUGJSTUNBLFPVSQSPHSBNDPOWFSUGSPNQPVOETUPLJMPHSBNT0OF
LJMPHSBNJTQPVOET"EEJUJPOBMMZ UIFQSPHSBNNVTUDPOWFSUBIFJHIUJO
feet and inches to meters. If we convert the height to all inches, then we can
NVMUJQMZCZUPDPOWFSUJODIFTJOUPNFUFST
Algorithm to compute BMI

  3FBEUIFXFJHIUJOQPVOETJOUPUIFWBSJBCMFpounds.
  3FBEUIFIFJHIUJOGFFUJOUPUIFWBSJBCMFfeet.
  3FBEUIFBEEJUJPOBMIFJHIUJOJODIFTJOUPUIFWBSJBCMFinches.
  4FUUIFWBSJBCMF heightMeters to the value ((feet * 12) + inches) *
0.0254.
  4FUUIFWBSJBCMFmass to the value pounds / 2.2.
  4FUUIFWBSJBCMFBMI to the value mass / (heightMeters * heightMeters).
  0VUQVUBMI.

3.1 The if-else Statement

8. If BMIUIFOPVUQVUi6OEFSXFJHIUw
  &MTFJGBMIôBOEBMIUIFOPVUQVUi/PSNBMXFJHIUw
 &MTFJGBMIôBOEBMIUIFOPVUQVUi0WFSXFJHIUw
 0UIFSXJTF PVUQVUi0CFTFw
This algorithm will work but it can be simplified a bit. If the BMI is less than
  UIFO UIF DPOEJUJPO PO MJOF  XJMM CF USVF BOE UIF QSPHSBN XJMM PVUQVU
i6OEFSXFJHIUw-JOFJTPOMZFWBMVBUFEJGMJOFJTGBMTF5IJTNFBOTUIBUJGUIF
QSPHSBN SFBDIFT MJOF  XF LOPX UIBU UIF #.* JT OPU MFTT UIBO  *O PUIFS
XPSET UIF#.*JTHSFBUFSUIBOPSFRVBMUP5IJTNBLFTUIFDIFDLPOMJOF
GPSUIF#.*HSFBUFSUIBOPSFRVBMUPSFEVOEBOU5IFTBNFDPOEJUJPOBQQMJFT
UPMJOF$POTFRVFOUMZ XFDBODIBOHFMJOFTBOEPGUIFBMHPSJUINUP
  &MTFJGBMIUIFOPVUQVUi/PSNBMXFJHIUw
 &MTFJGBMIUIFOPVUQVUi0WFSXFJHIUw
5IF BMHPSJUIN USBOTMBUFE UP DPEF JT TIPXO JO -JTUJOH  5IF WBSJBCMFT
heightMeters, mass, and BMI are declared as double for additional precision

after multiplying by the conversion factors.
LISTING 3.4 A Body Mass Index Calculation Program (part 1 of 2)
import java.util.Scanner;
public class BMI
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
int pounds, feet, inches;
double heightMeters, mass, BMI;
System.out.println("Enter your weight in pounds.");
pounds = keyboard.nextInt();
System.out.println("Enter your height in feet" +
"followed by a space" +
"then additional inches.");
feet = keyboard.nextInt();
inches = keyboard.nextInt();
heightMeters = ((feet * 12) + inches) * 0.0254;
mass = (pounds / 2.2);
BMI = mass / (heightMeters * heightMeters);
System.out.println("Your BMI is " + BMI);
System.out.print("Your risk category is ");
if (BMI < 18.5)
System.out.println("Underweight.");
else if (BMI < 25)
System.out.println("Normal weight.");

(continued )
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LISTING 3.4 A Body Mass Index Calculation Program (part 2 of 2)
else if (BMI < 30)
System.out.println("Overweight.");
else
System.out.println("Obese.");
}
}

Sample Screen Output
Enter your weight in pounds.
150
Enter your height in feet followed
by a space then additional inches.
5 5
Your BMI is 25.013498117367398
Your risk category is Overweight.

S E L F -TE S T QU ESTI ONS
8. What output is produced by the following code?
int time = 2, tide = 3;
if (time + tide > 6)
System.out.println("Time and tide wait for no one.");
else
System.out.println("Time and tide wait for me.");

 4VQQPTF ZPV DIBOHF UIF DPEF JO UIF QSFWJPVT RVFTUJPO TP UIBU UIF GJSTU
line is the following:
int time = 4, tide = 3;

What output would be produced?
10. What output is produced by the following code?
int time = 2, tide = 3;
if (time + tide > 6)
System.out.println("Time
else if (time + tide > 5)
System.out.println("Time
else if (time + tide > 4)
System.out.println("Time
else
System.out.println("Time

and tide wait for no one.");
and tide wait for someone.");
and tide wait for everyone.");
and tide wait for me.");

 4VQQPTF number is a variable of type int that has been given a value. Write a
multibranch if-else statement that displays the word High if number is greater
than 10,Low if numberJTMFTTUIBO BOESo-so if number is anything else.

3.1 The if-else Statement

The Conditional Operator (Optional)
To allow compatibility with older programming styles, Java includes an
operator that is a notational variant on certain forms of the if-else statement.
For example, the statement
if (n1 > n2)
max = n1;
else
max = n2;

can be expressed as follows:
max = (n1 > n2) ? n1 : n2;

Together, the ? and : on the right side of this assignment statement are known
as the conditional operator, or ternary operator. The conditional operator
expression
(n1 > n2) ? n1 : n2;

starts with a boolean expression followed by a ? and then two expressions
separated by a colon. If the boolean expression is true, the first of the two
FYQSFTTJPOT JT SFUVSOFE PUIFSXJTF  UIF TFDPOE PG UIF UXP FYQSFTTJPOT JT
returned.
As illustrated here, the most common use of the conditional operator
is to set a variable to one of two different values, depending on a boolean
condition. Be sure to note that a conditional expression always returns a value
and so is equivalent to only certain special kinds of if-else statements.
"OPUIFSFYBNQMFNBZIFMQUPJMMVTUSBUFUIFDPOEJUJPOBMPQFSBUPS4VQQPTF
that an employee’s weekly pay is the number of hours worked multiplied by
the hourly wage. However, if the employee works more than 40 hours, the
PWFSUJNF JT QBJE BU  UJNFT UIF VTVBM IPVSMZ SBUF 5IF GPMMPXJOH if-else
statement performs this computation:
if (hoursWork <= 40)
pay = hoursWorked * payRate;
else
pay = 40 * payRate + 1.5 * payRate * (hoursWorked − 40);

This statement can be expressed by using the conditional operator, as follows:
pay = (hoursWorked <= 40) ? (hoursWorked * payRate) :
(40 * payRate + 1.5 * payRate * (hoursWorked − 40));

The exit Method
4PNFUJNFT ZPVS QSPHSBN DBO FODPVOUFS B TJUVBUJPO UIBU NBLFT DPOUJOVJOH
execution pointless. In such cases, you can end your program by calling the
exit method, as follows:
System.exit(0);
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The preceding statement will end a Java program as soon as it is executed. For
example, consider the following code:
if (numberOfWinners == 0)
{
System.out.println("Error: Dividing by zero.");
System.exit(0);
}
else
{
oneShare = payoff / numberOfWinners;
System.out.println("Each winner will receive $" + oneShare);
}

This code will normally display the share that each winner should receive.
However, if the number of winners is zero, a division by zero would be an
invalid operation. To avoid this division by zero, the program checks the
number of winners and, if it is zero, calls the exit method to end execution.
SystemJTBDMBTTJOUIF+BWB$MBTT-JCSBSZUIBUJTBVUPNBUJDBMMZBWBJMBCMFUP
your programs without requiring an importTUBUFNFOUexit is a method in the
class System. The number 0 given as the argument to System.exit is returned
to the operating system. Most operating systems use 0 to indicate a normal
termination of the program and 1 to indicate an abnormal termination of the
QSPHSBN KVTUUIFPQQPTJUFPGXIBUNPTUQFPQMFXPVMEHVFTT 5IVT JGZPVS
System.exit statement ends the program normally, the argument should be
0. In this case, normal means that the program did not violate any system or
other important constraints. It does not mean that the program did what you
XBOUFEJUUPEP4PZPVXPVMEBMNPTUBMXBZTVTFBTUIFBSHVNFOU
RECAP The exit Method
An invocation of the exit method ends the program. The normal form
for an invocation to exit is
System.exit(0);

As mentioned in the previous chapter, any program that uses JOptionPane
to create dialog boxes must call this method to end its execution. Other
programs typically do not call exit, doing so only in unusual situations.

3.2 THE TYPE boolean
He who would distinguish the true from the false must have an adequate idea
of what is true and false.
—BENEDICT SPINOZA, ETHICS

3.2 The Type boolean
Truth is truth
To the end of reckoning.
—WILLIAM SHAKESPEARE, MEASURE FOR MEASURE

The type booleanJTBQSJNJUJWFUZQF KVTUMJLFUIFUZQFTint, double, and char.
As with these other types, you can have values of type boolean, constants of
type boolean, variables of type boolean, and expressions of type boolean.
However, the type boolean specifies only two values: true and false. You
can use the two values true and falseJOBQSPHSBN KVTUBTZPVVTFOVNFSJD
constants, such as 2 and 3.45, and character constants, such as 'A'.

Boolean Variables
Boolean variables can be used, among other things, to make your program
easier to read. For example, a program might contain the following statement,
where systemsAreOK is a boolean variable that is true if, in fact, the launch
systems are ready to go:
if (systemsAreOK)
System.out.println("Initiate launch sequence.");
else
System.out.println("Abort launch sequence.");

If you do not use a boolean variable, the preceding code is likely to read
something like the following:
if ((temperature <= 100) && (thrust >= 12000) &&
(cabinPressure > 30))
System.out.println("Initiate launch sequence.");
else
System.out.println("Abort launch sequence.");

$MFBSMZ UIFCPPMFBOWBSJBCMFsystemsAreOK makes the first version easier for a
IVNBOCFJOHUPVOEFSTUBOE0GDPVSTF ZPVSQSPHSBNOFFETUPTFUUIFWBMVFPG
this variable in some way. As you will see, that is easy to do.
A boolean expression such as number > 0 evaluates to one of the two
values true or false. For example, if number > 0 is true, the following
statement displays The number is positive:
if (number > 0)
System.out.println("The number is positive");
else
System.out.println("The number is negative or zero");

If, on the other hand, number > 0 is false, the output is The number is
negative or zero. The meaning of a boolean expression like number > 0
is a bit easier to understand within a context, such as an if-else statement.
However, when programming with boolean variables, you need to think about
a boolean expression more or less without a context. A boolean expression
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You can use
boolean variables
in assignments

can be evaluated and can produce a value of true or false without reference
to any context such as an if-else statement.
A boolean variable can be given the value of a boolean expression by
using an assignment statement, in the same way that you use an assignment
statement to set the value of any other type of variable. For example, the
following sets the value of the boolean variable isPositive to false:
int number = −5;
boolean isPositive = (number > 0);

The parentheses are not needed, but they make the statement a bit easier to read.
0ODFBCPPMFBOWBSJBCMFIBTBWBMVF ZPVDBOVTFUIFWBSJBCMFKVTUBTZPV
would use any other boolean expression. For example,
boolean isPositive = (number > 0);
if (isPositive)
System.out.println("The number is positive");
else
System.out.println("The number is negative or zero");

is equivalent to our previous if-else statement.
0GDPVSTF UIJTJTKVTUBUPZFYBNQMF CVUZPVNJHIUVTFTPNFUIJOHMJLFJUJG
the value of number, and therefore the value of the boolean expression, might
DIBOHF4VDIJTNPSFMJLFMZUPCFUIFDBTFJOUIFDPOUFYUPGBMPPQ XIJDIXF
will study in the next chapter.
More complicated boolean expressions can be used in the same way. For
example, our opening example that checks whether we are ready for a launch
would be preceded by a statement such as
boolean systemsAreOK = (temperature <= 100) &&
(thrust >= 12000) && (cabinPressure > 30)

FAQ Why can I write if (b). . . instead of if (b == true). . .
when b is a boolean variable?
The boolean variable b is a boolean expression. So is the expression
b == true. If b is true, both of these expressions are true. If b is false,
both expressions are false. Thus, you can use these two expressions
interchangeably.

Precedence Rules
Java evaluates boolean expressions using the same strategy that it uses to
evaluate arithmetic expressions. For example, if the integer variable score is
JOUIFFYQSFTTJPO
(score >= 80) && (score < 90)

3.2 The Type boolean

the first subexpression (score >= 80 JTUSVF CVUUIFTFDPOETVCFYQSFTTJPO
(score < 90 JTGBMTF4PUIFFOUJSFFYQSFTTJPOJTFRVJWBMFOUUP
true && false

As you saw earlier in this chapter, Java combines the values of true and
falseBDDPSEJOHUPUIFSVMFTHJWFOJO'JHVSF4PUIFQSFDFEJOHFYQSFTTJPO
evaluates to false.
Just as when writing arithmetic expressions, it is usually best to use
parentheses to indicate the order of operations within boolean expressions.
However, if you omit parentheses, Java performs the operations in the order
specified by the precedence rules shown in Figure 3.9. This figure is an
BVHNFOUFE WFSTJPO PG 'JHVSF  BOE TIPXT BMM UIF PQFSBUPST ZPV BSF MJLFMZ
to use for some time. A more complete list of precedence rules is given inside
UIFDPWFSPGUIJTCPPL"TXFNFOUJPOFEJO$IBQUFS PQFSBUPSTMJTUFEIJHIFS
on the list have a higher precedence. When the order of two operations is not
dictated by parentheses, Java considers their precedence and performs the
PQFSBUJPOXJUIUIFIJHIFSQSFDFEFODFCFGPSFQFSGPSNJOHUIFPUIFSPOF4PNF
operators have equal precedence, in which case they are performed in order
of appearance: Binary operators of equal precedence are performed in left-toright order. Unary operators of equal precedence are performed in right-to-left
PSEFS3FDBMMUIBUBVOBSZPQFSBUPSIBTPOMZPOFPQFSBOEPOFUIJOHUIBUJU
applies to. A binary operator has two operands.
-FUT DPOTJEFS BO FYBNQMF 5IF GPMMPXJOH JT XSJUUFO JO SBUIFS QPPS TUZMF
because it lacks parentheses, but the computer has no problem with it:
score < min / 2 − 10 || score > 90

FIGURE 3.9 Operator Precedence
Highest Precedence

First: the unary operators +, , ++,

, and!

Second: the binary arithmetic operators *, /, %
Third: the binary arithmetic operators +,
Fourth: the boolean operators <, >, <=, >=
Fifth: the boolean operators ==, !=
Sixth: the boolean operator &
Seventh: the boolean operator |
Eighth: the boolean operator &&
Ninth: the boolean operator ||
Lowest Precedence
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Parentheses
clarify operator
precedence
in a boolean
expression

0G BMM UIF PQFSBUPST JO UIF FYQSFTTJPO  UIF EJWJTJPO PQFSBUPS IBT UIF IJHIFTU
precedence, and so the division is performed first. We indicate that fact by
adding parentheses, as follows:
score <(min / 2) – 10 || score > 90

0GUIFSFNBJOJOHPQFSBUPSTJOUIFFYQSFTTJPO UIFTVCUSBDUJPOPQFSBUPSIBTUIF
highest precedence, and so the subtraction is performed next:
score <(min / 2) – 10) || score > 90

0GUIFSFNBJOJOHPQFSBUPSTJOUIFFYQSFTTJPO UIFDPNQBSJTPOPQFSBUPSTBOE
< have the highest precedence and so are performed next. Because > and <
have equal precedence, they are performed in left-to-right order:
(score <((min / 2) – 10)) || (score > 90)

Finally, the results of the two comparisons are combined with the operator ||,
since it has the lowest precedence.
We have produced a parenthesized version of the expression by
using the precedence rules. To the computer, this version and the original
unparenthesized version are equivalent. You should include most parentheses
in order to make your arithmetic and boolean expressions easier to
understand. However, you can safely omit parentheses when the expression
contains a simple sequence of &&s or of ||s. For example, the following is good
style even though a few parentheses are omitted:
(temperature > 95) || (rainFall > 20) || (humidity >= 60)

You might conclude that the three comparisons in the previous expression
occur first and then are combined with the operator ||. But the rules are a bit
NPSFDPNQMJDBUFEUIBOXIBUZPVIBWFTFFOTPGBS4VQQPTFUIBUUIFWBMVFPG
temperature is 99. In this case we know that the entire boolean expression
is true no matter what the values of rainFall and humidity are. We know
this because true || true is true and so is true || false4PSFHBSEMFTTPG
whether rainFall > 20 is true, the value of
(temperature > 95) || (rainFall > 20)

is bound to be true. By a similar reasoning, we conclude that
true || (humidity >= 60)

Java uses shortcircuit evaluation

is true regardless of whether humidity >= 60 is true.
Java evaluates the first subexpression, and if that is enough information
to learn the value of the whole expression, it does not evaluate subsequent
TVCFYQSFTTJPOT 4P JO UIJT FYBNQMF  +BWB OFWFS CPUIFST UP FWBMVBUF UIF
subexpressions involving rainFall and humidity. This way of evaluating an
expression is called short-circuit evaluation, or sometimes lazy evaluation,
and is what Java does with expressions involving || or &&.

3.2 The Type boolean
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Now let’s look at an expression containing &&. We’ll give the boolean
expression some context by placing it in an if-else statement:
if ( (assignmentsDone > 0) &&
((totalScore / assignmentsDone) > 60) )
System.out.println("Good work.");
else
System.out.println("Work harder.");

4VQQPTF assignmentsDone has a value of zero. Then the first subexpression
is false4JODFCPUIfalse && true and false && false are false, the entire
boolean expression is false, regardless of whether the second expression is true
or false. Therefore, Java does not bother to evaluate the second subexpression:
(totalScore / assignmentsDone) > 60

In this case, not evaluating the second subexpression makes a big difference,
because the second subexpression includes a division by zero. If Java had tried
to evaluate the second subexpression, it would have produced a run-time
error. By using short-circuit evaluation, Java has prevented this error.
Java also allows you to ask for complete evaluation. In complete Java also offers
FWBMVBUJPO  XIFO UXP FYQSFTTJPOT BSF KPJOFE CZ BO and or an or operator, complete
both subexpressions are always evaluated, and then the truth tables are used to evaluation
obtain the value of the final expression. To obtain a complete evaluation in
Java, you use & rather than && for and and use | in place of || for or.
In most situations, short-circuit evaluation and complete evaluation give
UIFTBNFSFTVMU CVUBTZPVIBWFKVTUTFFO UIFSFBSFUJNFTXIFOTIPSUDJSDVJU
evaluation can avoid a run-time error. There are also some situations in which
complete evaluation is preferred, but we will not use those techniques in this
book. We will always use && and || and so will obtain short-circuit evaluation.

REMEMBER Short-Circuit Evaluation
For a boolean expression of the form Expr_A ||Expr_B, if Expr_A is true,
Java concludes that the entire expression is true without evaluating
Expr_B. Likewise, for an expression of the form Expr_A && Expr_B, if
Expr_A is false, Java concludes that the entire expression is false without
evaluating Expr_B.

Input and Output of Boolean Values
The values true and false of the type boolean can be read as input or written
as output in the same way as values of the other primitive types, such as
int and double. For example, consider the following fragment from a Java
program:
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boolean booleanVar = false;
System.out.println(booleanVar);
System.out.println("Enter a boolean value:");
Scanner keyboard = new Scanner(System.in);
booleanVar = keyboard.nextBoolean();
System.out.println("You entered " + booleanVar);

This code could produce the following interaction with the user:
false
Enter a boolean value:
true
You entered true

As you can see from this example, the class Scanner has a method named
next Boolean that will read a single boolean value. For this input method,
you may spell true and false using either uppercase or lowercase letters or a
combination of both. In a Java program, the constants true or false must be
spelled with all lowercase letters, but the input method nextBoolean is more
forgiving.

S E L F -TE S T QU ESTI ONS
 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHTUBUFNFOUT
int number = 7;
boolean isPositive = (number > 0);
if (number > 0);
number = -100;
if (isPositive)
System.out.println("Positive.");
else
System.out.println("Not positive.");
System.out.println(number);

13. What output is produced by the following statements?
System.out.println(false);
System.out.println(7 < 0);
System.out.println(7 > 0);
int n = 7;
System.out.println(n > 0);

14. What output is produced by the following statements?
System.out.println(true &&false);
System.out.println(true || false);
System.out.println(false && (x > 0));
System.out.println(true || (x > 0));

3.3 The switch Statement

173

3.3 THE switch STATEMENT
Each decision we make, each action we take, is born out of an intention.
—SHARON SALZBERG

When a multiway if-else statement has many possible outcomes, it can
be hard to read. If the choice is based on the value of an integer or character
expression, the switch statement can make your code easier to understand.
The switch statement begins with the keyword switch followed by a
controlling expression in parentheses:
switch (Controlling_Expression)
{
. . .
}

The switch
statement offers
a choice of
actions according
to the value of
a controlling
expression

5IFCPEZPGUIFTUBUFNFOUJTBMXBZTFODMPTFEJOBQBJSPGCSBDFT-JTUJOH
shows a sample switch statement, whose controlling expression is the variable
numberOfBabies. Within the braces is a list of cases, each case consisting of
the keyword caseGPMMPXFECZBDPOTUBOUDBMMFEBcase labelUIFOBDPMPO 
and then a list of statements, which are the actions for that case:
case Case_Label:
List_of_Statements

When the switch TUBUFNFOU JT FYFDVUFE  UIF DPOUSPMMJOH FYQSFTTJPO
numberOfBabiesJOUIJTFYBNQMFJTFWBMVBUFE5IFMJTUPGBMUFSOBUJWFTJTUIFO
searched until a case label that matches the value of the controlling expression
is found, and the action associated with that label is executed. You cannot
have duplicate case labels, since that would produce an ambiguous situation.
/PUJDF UIBU UIF BDUJPO GPS FBDI DBTF JO -JTUJOH  FOET XJUI B break
statement, which consists of the word break followed by a semicolon. When
execution reaches a break statement, the switch statement’s execution ends.
If no break statement is found within the statements for a particular case,
execution continues on with the next case until either a break statement is
encountered or the end of the switch statement is reached.
4PNFUJNFTZPVXBOUBDBTFXJUIPVUB break statement. You cannot have
multiple labels in one case, but you can list cases one after the other so they
BMMQSPEVDFUIFTBNFBDUJPO'PSFYBNQMF JO-JTUJOH CPUIDBTFBOEDBTF
 QSPEVDF UIF TBNF DBTF BDUJPO  CFDBVTF DBTF  IBT OP break TUBUFNFOU JO
fact, case 4 has no action statements at all.
If no case matches the value of the controlling expression, the default A default case
caseXIJDI CFHJOT XJUI UIF LFZXPSE default BOE B DPMPOJT FYFDVUFE is optional but
However, the default case is optional. If you omit the default case and no match useful
is found to any of the cases, no action is taken. Although the default case is
optional, you are encouraged to always use it. If you think your cases cover all
the possibilities without a default case, you can insert an error message as the
default case. You never know when you might have missed some obscure case.
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LISTING 3.5 A switch Statement (part 1 of 2)
import java.util.Scanner;
public class MultipleBirths
{
public static void main(String[] args)
{
int numberOfBabies;
System.out.print("Enter number of babies: ");
Scanner keyboard = new Scanner(System.in);
numberOfBabies = keyboard.nextInt();

Controlling expression
switch (numberOfBabies)
{
Case label
case 1:
System.out.println("Congratulations.");
break;
case 2:
System.out.println("Wow. Twins.");
break;
break statement
case 3:
System.out.println("Wow. Triplets.");
break;
case 4:
Case with no break
case 5:
System.out.print("Unbelievable; ");
System.out.println(numberOfBabies +
" babies.");
break;
default:
System.out.println("I don't believe you.");
break;
}
}
}

Sample Screen Output 1
Enter number of babies: 1
Congratulations.

Sample Screen Output 2
Enter number of babies: 3
Wow. Triplets.

(continued )

3.3 The switch Statement

LISTING 3.5 A switch Statement (part 2 of 2)
Sample Screen Output 3
Enter number of babies: 4
Unbelievable; 4 babies.

Sample Screen Output 4
Enter number of babies: 6
I don't believe you.

Here is another example of a switch statement, one that has a char
variable as its controlling expression:
switch (eggGrade)
{
case 'A':
case 'a':
System.out.println("Grade A");
break;
case 'C':
case 'c':
System.out.println("Grade C");
break;
default:
System.out.println("We only buy grade A and grade C.");
break;
}

*O UIJT FYBNQMF  HSBEF " BOE HSBEF $ FHHT DBO CF JOEJDBUFE CZ FJUIFS
VQQFSDBTFPSMPXFSDBTFMFUUFST0UIFSWBMVFTPG eggGrade are handled by the
default case.
Note that the case labels need not be consecutive or even ordered. You
can have 'A' and 'C' and no 'B' BTJOUIFQSFDFEJOHFYBNQMF4JNJMBSMZ 
in a switch statement with integer case labels, you could have integers
 BOE   CVU OP  $BTF MBCFMT NVTU CF EJTDSFUF WBMVFT POF MBCFM DBOOPU
indicate a range. If, for example, you wanted to take the same action for
the values 1 through 4, you would need to write a case for each value. For
a large range, an if-else statement would be more practical than a switch
statement.
The controlling expression in a switch statement can be more
DPNQMJDBUFE UIBO B TJOHMF WBSJBCMF GPS FYBNQMF  JU DBO JOWPMWF BSJUINFUJD
PQFSBUPST 1SJPS UP +BWB %FWFMPQNFOU ,JU +%,  WFSTJPO   UIF DPOUSPMMJOH
expression had to evaluate to a value of an integer type, such as the type
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int, or to a value of type char. 4UBSUJOH XJUI +%, WFSTJPO   B DPOUSPMMJOH
expression of type String is allowed. The following example will run on JDK

version 7 or higher but will cause a compilation error on previous versions.
Note that we invoke a method that returns the variable answer in lowercase
as the controlling expression.
System.out.println("Which US state has only one syllable in " +
"its name?");
Scanner keyboard = new Scanner(System.in);
String answer = keyboard.next();
switch (answer.toLowerCase())
{
case "maine":
System.out.println("Correct!");
break;
default:
System.out.println("Incorrect, the answer is Maine.");
break;

}

RECAP The switch Statement
SYNTAX
switch (Controlling_Expression)

{

case Case_Label:
Statement;
...
Statement;
break;
case Case_Label:
Statement;
...
Statement;
break;
default:
Statement;

The Controlling_Expression must
be of an integer type such as
int, short, or byte, or of type
char.
Each Case_Label is a constant of
the same type as the Controlling_
Expression. Each case must have a
different Case_Label.
A break may be omitted.
Without a break, execution just
continues to the next case.
Any number of cases is allowed.

...

}

Statement;
break;

A default case is optional.
Without one, no action occurs in
the event of a mismatch.
(continued)

3.3 The switch Statement
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EXAMPLE
int seatLocationCode;
...
switch (seatLocationCode)
{
case 1:
System.out.println("Orchestra.");
price = 40.00;
break;
case 2:
System.out.println("Mezzanine.");
price = 30.00;
break;
case 3:
System.out.println("Balcony.");
price = 15.00;
break;
default:
System.out.println("Unknown ticket code.");
break;
}

GOTCHA

Omitting a break Statement

If you test a program that contains a switch statement and it executes two
cases when you expect it to execute only one case, you probably have forgotten
to include a break statement where one is needed.
■

GOTCHA

Omitting the Default Case

If the cases of a switch statement assign values to a variable, omitting a default
case can cause a syntax error. The compiler might think that the variable has
an undefined value after the switch executes. To avoid this error, either
provide a default case or initialize the variable before the switch statement
executes.
■

S E L F-TE S T QU E S TIO N S
 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHDPEF
int code = 2;
switch (code)

VideoNote
Using switch statements
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{
case 1:
System.out.println("Hello.");
case 3:
System.out.println("Good-bye.");
break;
default:
System.out.println("Till we meet again.");
break;
}

 4VQQPTF ZPV DIBOHF UIF DPEF JO UIF QSFWJPVT RVFTUJPO TP UIBU UIF GJSTU
line is the following:
int code = 1;

What output would be produced?
17. What output is produced by the following code?
char letter = 'B';
switch (letter)
{
case'A':
case'a':
System.out.println("Some kind of A.");
case'B':
case'b':
System.out.println("Some kind of B.");
break;
default:
System.out.println("Something else.");
break;
}

18. What output is produced by the following code?
int key = 1;
switch (key + 1)
{
case 1:
System.out.println("Cake");
break;
case 2:
System.out.println("Pie");
break;
case 3:
System.out.println("Ice cream");
case 4:
System.out.println("Cookies");
break;

3.3 The switch Statement
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default:
System.out.println("Diet time");
}

 4VQQPTFZPVDIBOHFUIFGJSTUMJOFPGUIFDPEFJOUIFQSFWJPVTRVFTUJPOUP
int key = 3;

What output would be produced?
 4VQQPTFZPVDIBOHFUIFGJSTUMJOFPGUIFDPEFJO4FMG5FTU2VFTUJPOUP
int key = 5;

What output would be produced?

Enumerations
Imagine a reviewer who rates movies as either excellent, average, or bad. If
you wrote a Java program to organize these reviews, you could represent the
SBUJOHTBT GPSFYBNQMF UIFJOUFHFST  BOEPSUIFDIBSBDUFST& " BOE#
If you define a variable whose data type is either int or char to contain the
rating, it might end up with a value other than one of the three valid ratings.
Instead, to restrict the contents of the variable to certain values, you could
declare it as an enumerated data type, or enumeration. An enumeration lists
the values that a variable can have.
For example, the following statement defines MovieRating as an
enumeration:
enum MovieRating {E, A, B}

Notice that no semicolon follows an enumeration’s definition. Including one,
IPXFWFS XJMMOPUDBVTFBTZOUBYFSSPSUIFTFNJDPMPOXJMMTJNQMZCFJHOPSFE
Also, notice that the values E, A, and B are not enclosed in single quotes, since
they are not char values.
An enumeration acts as a class type, so we can use it to declare a variable
rating, as follows:
MovieRating rating;

In the definition of MovieRating, the items listed between the braces are
PCKFDUTUIBUXFDBOBTTJHOUPrating as values. For example, we could write
rating = MovieRating.A;

to assign A to rating. Note that we must preface the value A with the name of
the enumeration and a dot. Assigning a value other than E, A, or B to rating
will cause a syntax error.
0ODF XF IBWF BTTJHOFE B WBMVF UP B WBSJBCMF XIPTF EBUB UZQF JT BO
enumeration, we can use it within a switch statement to choose a course of

An enumeration
provides a way to
restrict the values
of a variable
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action. For example, the following statement displays a message based upon
the value of rating:
switch (rating)
{
case E: //Excellent
System.out.println("You must see this movie!");
break;
case A: //Average
System.out.println("This movie is OK, but not great.");
break;
case B: //Bad
System.out.println("Skip it!");
break;
default:
System.out.println("Something is wrong.");
}

4JODFUIFEBUBUZQFPGUIFFYQSFTTJPOJOUIFswitch statement is an enumeration,
the case labels are assumed to belong to that enumeration without writing
its name. In fact, writing case MovieRating.E, for example, is a syntax error.
However, if you need to reference one of the enumerated values elsewhere
within the switch statement, you must precede it with the enumeration’s name.
Although we wrote a default case, it is unnecessary here, because we know that
rating cannot have values other than those in the enumeration.
The values of an enumeration behave much like named constants. For
this reason, we will use the same naming convention for them as we do for
named constants, that is, all letters will be uppercase. The names need not be
single letters. We could, for example, define our previous enumeration as
enum MovieRating {EXCELLENT, AVERAGE, BAD}

and then write an assignment like
rating = MovieRating.AVERAGE;

or a case statement like
case EXCELLENT:

An enumeration is actually a class. You typically define it within another
class, but always outside of method definitions. We will talk more about
FOVNFSBUJPOTBTDMBTTFTJO$IBQUFS

3.4 GRAPHICS SUPPLEMENT
One picture in color is worth a thousand black-and-white pictures.
—VARIATION ON A CHINESE PROVERB

The oldest, shortest words—’yes’ and ‘no’—are those which require the most
thought.
—PYTHAGORAS

3.4 Graphics Supplement

181

In this section, we continue our discussion of drawing that we began in
$IBQUFS  BOE PVS EJTDVTTJPO PG JOptionPane UIBU XF CFHBO JO $IBQUFS 
First, we tell you how to add color to your applet drawings. In particular,
we add color to our happy face applet. Next, we show you how to use one
more kind of dialog window, namely one for asking yes-or-no questions. We
EJE OPU QSFTFOU UIJT XJOEPX JO $IBQUFS   CFDBVTF ZPV OFFE UIF CSBODIJOH
mechanisms introduced in this chapter to use this kind of window effectively.
If you skipped the previous material about JOptionPane, you can skip the
description of this dialog window. None of the JOptionPane material in this
DIBQUFSPSJO$IBQUFSJTVTFEJOGVUVSFDIBQUFST

Specifying a Drawing Color
When drawing shapes with methods such as drawOval inside the definition The setColor
of an applet’s paint method, you can think of your drawing as being done method sets the
with a pen that can change colors. The method setColor, which is in the class color of the pen
Graphics, will change the color of your pen.
'PS FYBNQMF  UIF IBQQZ GBDF UIBU JT ESBXO JO -JTUJOH  JT B ZFMMPX
face with blue eyes and red lips. Aside from the color, the face is basically
UIF TBNFBTUIFPOFTIPXOJO-JTUJOH FYDFQUUIBUXFIBWFOPXBEEFE
BOPTF5IFDPEFJO-JTUJOHJTCBTFEPOUIFDPEFJO-JTUJOH XIJDIJT
TJNQMZBNPSFTUZMJTUJDWFSTJPOPGUIFDPEFJO-JTUJOH
LISTING 3.6 Adding Color (part 1 of 2)
import javax.swing.JApplet;
import java.awt.Color;
import java.awt.Graphics;
public class YellowFace
{
public static final
public static final
public static final
public static final
public static final
public static final
public static final
public static final
public static final
public static final
public static final

extends JApplet
int
int
int
int
int
int
int
int
int
int
int

FACE_DIAMETER = 200;
X_FACE = 100;
Y_FACE = 50;
EYE_WIDTH = 10;
EYE_HEIGHT = 20;
X_RIGHT_EYE = 155;
Y_RIGHT_EYE = 100;
X_LEFT_EYE = 230;
Y_LEFT_EYE = Y_RIGHT_EYE;
NOSE_DIAMETER = 10;
X_NOSE = 195; //Center of nose will
//be at 200
public static final int Y_NOSE = 135;
public static final int MOUTH_WIDTH = 100;
public static final int MOUTH_HEIGHT = 50;

(continued )
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LISTING 3.6 Adding Color (part 2 of 2)
public static final int X_MOUTH = 150;
public static final int Y_MOUTH = 160;
public static final int MOUTH_START_ANGLE = 180;
public static final int MOUTH_EXTENT_ANGLE = 180;
public void paint(Graphics canvas)
The filled yellow circle is drawn
{
first so that the other drawings
//Draw face interior and outline:
will be on top of the yellow.
canvas.setColor(Color.YELLOW);
canvas.fillOval(X_FACE, Y_FACE, FACE_DIAMETER,
FACE_DIAMETER);
canvas.setColor(Color.BLACK);
canvas.drawOval(X_FACE, Y_FACE, FACE_DIAMETER,
FACE_DIAMETER);
//Draw eyes:
canvas.setColor(Color.BLUE);
canvas.fillOval(X_RIGHT_EYE, Y_RIGHT_EYE, EYE_WIDTH,
EYE_HEIGHT);
canvas.fillOval(X_LEFT_EYE, Y_LEFT_EYE, EYE_WIDTH,
EYE_HEIGHT);
//Draw nose:
canvas.setColor(Color.BLACK);
canvas.fillOval(X_NOSE, Y_NOSE, NOSE_DIAMETER,
NOSE_DIAMETER);
//Draw mouth:
canvas.setColor(Color.RED);
canvas.drawArc(X_MOUTH, Y_MOUTH, MOUTH_WIDTH, MOUTH_HEIGHT,
MOUTH_START_ANGLE, MOUTH_EXTENT_ANGLE);
}
}

Use of the method setColor JO -JTUJOH  JT SPVUJOF 'PS FYBNQMF  UIF
statement
canvas.setColor(Color.YELLOW);

TFUTUIFDPMPSPGUIFQFOUPZFMMPX4POPXUIFTUBUFNFOU
canvas.fillOval(X_FACE, Y_FACE, FACE_DIAMETER, FACE_DIAMETER);

draws a circle for the face that is filled in with yellow.
We need to emphasize one point. The order in which you draw the
components of the face affects the final outcome. Note that the solid yellow
circle is drawn first, so that the other drawings, such as the eyes, will be on top
of the yellow. As when using an actual pen or brush, the drawings are done
one on top of the other in the order of the code in the paint method. If we
had instead drawn the yellow circle last, it would be on top of the eyes, nose,

3.4 Graphics Supplement
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FIGURE 3.10 Predefined Colors for the setColor Method
Color.BLACK
Color.BLUE
Color.CYAN
Color.DARK_GRAY
Color.GRAY
Color.GREEN
Color.LIGHT_GRAY

Color.MAGENTA
Color.ORANGE
Color.PINK
Color.RED
Color.WHITE
Color.YELLOW

and mouth, and only the yellow circle would be visible. Unlike drawing with
an actual pen, however, placing one color over another does not blend the
UXPDPMPST5IFOFXFTUESBXJOHIJEFTBDUVBMMZ SFQMBDFTBOZFBSMJFSESBXJOH
made in the same spot. You are simply setting the state and color of pixels,
replacing their earlier values.
$FSUBJODPMPSTBSFBMSFBEZEFGJOFEGPSZPVBTQVCMJDOBNFEDPOTUBOUTJO
the class ColorUIFTFBSFHJWFOJO'JHVSF:PVDBOEFGJOFPUIFSDPMPSTBT
well, but we will not go into that here.

RECAP The setColor Method
When you draw using an object of the class Graphics, you can set the
color of the drawing by invoking the method setColor. You can later
change the color by invoking setColor again, so a single drawing can
have multiple colors.
EXAMPLE
canvas.setColor(Color.RED);

S E L F-TE S T QU E S TIO N S
 4VQQPTFZPVDIBOHFUIFPSEFSPGUIFESBXJOHDPNNBOETJO-JTUJOHUP
the following. Will the applet picture change? If so, how will it change?
//Draw mouth:
canvas.setColor(Color.RED);
canvas.drawArc(X_MOUTH, Y_MOUTH, MOUTH_WIDTH,
MOUTH_HEIGHT, MOUTH_START_ANGLE,
MOUTH_EXTENT_ANGLE);

The order in
which you draw
affects the
outcome
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//Draw face interior and outline:
canvas.setColor(Color.YELLOW);
canvas.fillOval(X_FACE, Y_FACE,
FACE_DIAMETER, FACE_DIAMETER);
canvas.setColor(Color.BLACK);
canvas.drawOval(X_FACE, Y_FACE,
FACE_DIAMETER, FACE_DIAMETER);
//Draw eyes:
canvas.setColor(Color.BLUE);
canvas.fillOval(X_RIGHT_EYE, Y_RIGHT_EYE,
EYE_WIDTH, EYE_HEIGHT);
canvas.fillOval(X_LEFT_EYE, Y_LEFT_EYE,
EYE_WIDTH, EYE_HEIGHT);
//Draw nose:
canvas.setColor(Color.BLACK);
canvas.fillOval(X_NOSE, Y_NOSE,
NOSE_DIAMETER, NOSE_DIAMETER);

 3FQFBUUIFQSFWJPVTRVFTUJPO CVUVTFUIFGPMMPXJOHDIBOHFTJOTUFBE
//Draw face interior:
canvas.setColor(Color.YELLOW);
canvas.fillOval(X_FACE, Y_FACE,
FACE_DIAMETER, FACE_DIAMETER);
//Draw mouth:
canvas.setColor(Color.RED);
canvas.drawArc(X_MOUTH, Y_MOUTH, MOUTH_WIDTH,
MOUTH_HEIGHT, MOUTH_START_ANGLE,
MOUTH_EXTENT_ANGLE);
//Draw face outline:
canvas.setColor(Color.BLACK);
canvas.drawOval(X_FACE, Y_FACE,
FACE_DIAMETER, FACE_DIAMETER);
//Draw nose:
canvas.setColor(Color.BLACK);
canvas.fillOval(X_NOSE, Y_NOSE,
NOSE_DIAMETER, NOSE_DIAMETER);
//Draw eyes:
canvas.setColor(Color.BLUE);
canvas.fillOval(X_RIGHT_EYE, Y_RIGHT_EYE,
EYE_WIDTH, EYE_HEIGHT);
canvas.fillOval(X_LEFT_EYE, Y_LEFT_EYE,
EYE_WIDTH, EYE_HEIGHT);

A Dialog Box for a Yes-or-No Question
$IBQUFSTIPXFEIPXUPVTFUIFDMBTTJOptionPane to produce two kinds of
XJOEPXTDBMMFEEJBMPHT0OFLJOEBTLFEUIFVTFSUPFOUFSJOQVUEBUBUIBUUIF
program could read. The other kind of dialog displayed a message to the user.
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JOptionPane provides yet another dialog box for asking yes-or-no questions
of the user. The dialog has a title and contains the question you specify along
with two buttons labeled Yes and No. For example, the code
int answer =
JOptionPane.showConfirmDialog(null, "End program?",
"Click Yes or No:", JOptionPane.YES_NO_OPTION);
if (answer == JOptionPane.YES_OPTION)
System.exit(0);
else if (answer == JOptionPane.NO_OPTION)
System.out.println("One more time");
else
System.out.println("This is impossible");

produces the dialog box shown in Figure 3.11.
-FUTEFTDSJCFUIFMJTUPGBSHVNFOUTGPSUIFNFUIPEshowConfirmDialog by
considering the argument list in our example:
(null, "End program?", "Click Yes or No:",
JOptionPane.YES_NO_OPTION)

The first argument has to do with where the dialog is placed on the screen, but
we have not developed enough material to allow us to consider the possible
PQUJPOT4PXFXJMMTJNQMZXSJUFnull as the first argument, which gives us the
default placement. We will explain the actual meaning of nullJO$IBQUFS
The second argument is a string that appears in the dialog containing
UIF:FTBOE/PCVUUPOT0GDPVSTF UIFTUSJOHTIPVMEOPSNBMMZCFBZFTPSOP
question. In our example, this argument is "End program?".
The third argument is a string displayed as the title of the dialog. In our
example, this argument is "Click Yes or No:".
The last argument, JOptionPane.YES_NO_OPTION, indicates that we want a
EJBMPHDPOUBJOJOH:FTBOE/PCVUUPOT0UIFSPQUJPOTBSFQPTTJCMF CVUXFXJMM
not discuss them here.
If the user clicks the Yes button, the method showConfirmDialog will
return the int value JOptionPane.YES_OPTION and the window will disappear.
FIGURE 3.11 A Yes-or-No Dialog Box
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Java code on the
book’s Web site

In our example, the multibranch if-else statement will then invoke System.
exit(0) to end the program. If the user clicks the No button, the method
showConfirmDialog will return the intvalue JOptionPane.NO_OPTION, and
then the multibranch if-else statement will invoke System.out.println to
display One more time.
The class JOptionPane defines several named constants, including the int
constants YES_NO_OPTION, YES_OPTION, and NO_OPTION that we have used
here. Note that to use these constants, you must precede each of their names
with the name of the class and a dot. What int values are actually named by
these constants? It does not matter. Think of the value that showConfirmDialog
returns as the answer to a yes-or-no question.
The code that we used in our example appears in the file
JOptionPaneYesNo-Demo.java, which is available on the Web along with the
other source code for this book.
RECAP Dialog Boxes for Yes-or-No Questions
The class JOptionPane in the package javax.swing defines the method
show-ConfirmDialog. You can use this method to create a dialog box to
ask a yes-or-no question and get the user’s response.
SYNTAX
Integer_Response = JOptionPane.showConfirmDialog(null,
Question_String, Title_String, Option);

The displayed dialog box is titled Title_String and contains the text
Question_String and buttons as indicated by Option. When Option is
JOptionPane.YES_NO_OPTION,two buttons labeled Yes and No are
displayed. The method returns the int constant YES_OPTION if the user
clicks the Yes button, or NO_OPTION if the user clicks the No button.
EXAMPLE
int answer = JOptionPane.showConfirmDialog(null, "Done?",
"Click a Button:", JOptionPane.YES_NO_OPTION);

S E L F -TE S T QU ESTI ON
 8SJUFDPEFGPSB JOptionPane dialog that will ask whether the user is at
least 18 years of age. Then set the boolean variable adult equal to either
true, if the user is at least 18, or false otherwise. Include the declaration
of the variable adult.
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CHAPTER SUMMARY
■

A branching statement chooses and then performs one of a number of actions. The if-else statement and switch statement are branching statements.

■

A boolean expression combines variables and comparison operators such as
< to produce a value that is either true or false.

■

An if-else statement tests the value of a boolean expression and takes one
of two actions according to whether the value is true or false.

■

You can omit the else part to get an if statement that takes an action if a
boolean expression is true but takes no action if the expression is false.

■

A compound statement is a sequence of Java statements, all enclosed in a
pair of braces.

■

You can nest if-elseTUBUFNFOUT&JUIFSPSCPUIPGUIFif part and the else
part can have another if-else statement as its action. Using braces to form
compound statements can clarify your intent. Without braces, remember
that each else is paired with the nearest preceding and unpaired if.

■

A special form of nested if-else statements forms a multibranch structure.
In this form, you typically write the next if part immediately after an else.
Thus, you write if, else if, else if,…, else. Although a final else is not
mandatory, it usually is a good idea to include it.

■

Boolean expressions can be combined with the logical operators &&, ||,
and!to form a larger expression. Java uses short-circuit evaluation in these
cases.

■

$BMMJOHUIF exit method ends a program’s execution. Although you must
call exit to end a program that uses JOptionPane, you typically do not call
it under ordinary circumstances.

■

The value of a boolean expression can be stored in a variable of type boolean. This variable is itself a boolean expression, and so it can then be used
to control an if-else statement. That is, a boolean variable can be used
anyplace that a boolean expression is allowed.

■

The switch statement provides another multibranch decision structure. It
tests the value of an integer, character, or string expression and executes a
case according to that value. Providing a default case is usually a good idea.

■

You can define an enumeration to provide a data type whose values are like
named constants.

■

You can add color to an applet drawing by using the Graphics method setColor and the colors defined as named constants within the class Color.

■ JOptionPane

enables you to use a dialog box for yes-or-no questions.
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Exercises
1. Write a fragment of code that will test whether an integer variable score
contains a valid test score. Valid test scores are in the range 0 to 100.
  8SJUFBGSBHNFOUPGDPEFUIBUXJMMDIBOHFUIFJOUFHFSWBMVFTUPSFEJOx as follows. If x is even, divide xCZ*Gx is odd, multiply x by 3 and subtract 1.
  4VQQPTF ZPV BSF XSJUJOH B QSPHSBN UIBU BTLT UIF VTFS UP HJWF B ZFTPS
no response. Assume that the program reads the user’s response into the
Stringvariableresponse.
a. If response is yes or y, set the boolean variable acceptUPUSVFPUIFSwise, set it to false.
b. How would you change the code so that it will also accept Yes and Y?
  $POTJEFSUIFGPMMPXJOHGSBHNFOUPGDPEF
if (x > 5)
System.out.println("A");
else if (x < 10)
System.out.println("B");
else
System.out.println("C");

What is displayed if x is
a. 4;

b.

5;

c.

6;

d.

9;

e.

10;

f.

11

  $POTJEFSUIFGPMMPXJOHGSBHNFOUPGDPEF
if (x > 5)
{
System.out.println("A");
if (x < 10)
System.out.println("B");
}
else
System.out.println("C");

What is displayed if x is
 B 

C 

D 

E 

F 

G 

6. We would like to assess a service charge for cashing a check. The service
charge depends on the amount of the check. If the check amount is less
UIBO XFXJMMDIBSHF*GUIFBNPVOUJTHSFBUFSUIBOCVUMFTTUIBO
 XFXJMMDIBSHFQFSDFOUPGUIFBNPVOU*GUIFBNPVOUJTHSFBUFS
UIBO CVUMFTTUIBO  XFXJMMDIBSHFQMVTQFSDFOUPGUIF
BNPVOU*GUIFWBMVFJTPWFS  XFXJMMDIBSHFQMVTQFSDFOUPG
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the amount. Use a multibranch if-else statement in a fragment of code
to compute the service charge.
7. What is the value of each of the following boolean expressions if xJT y is
10, and zJT
a.
b.
c.
d.

(x
(x
(x
(!

< 5 && y >
< 5 || y >
> 3 || y <
(x > 3) &&

x)
x)
10 && z == 15)
x!= z || x + y == z)

8. The following code fragment will not compile. Why?
if !x > x + y
x = 2 * x;
else
x = x + 3;

  $POTJEFSUIFCPPMFBOFYQSFTTJPO((x > 10) || (x < 100)). Why is this
expression probably not what the programmer intended?
 $POTJEFSUIFCPPMFBOFYQSFTTJPO((2 < 5) && (x < 100)). Why is this
expression probably not what the programmer intended?
11. Write a switch statement to convert a letter grade into an equivalent nuNFSJDWBMVFPOBGPVSQPJOUTDBMF4FUUIFWBMVFPGUIFWBSJBCMFgradeValue
UPGPSBO" GPSB# GPSB$ GPSB% BOEGPSBO''PSBOZ
other letter, set the value to 0.0 and display an error message.
 $POTJEFSUIFQSFWJPVTRVFTUJPO CVUJODMVEF PS¦MFUUFSHSBEFT" JT 
"¦JT # JT #¦JT BOETPPO
a. Why can’t we use one switch statement with no other conditionals to
convert these additional letter grades?
b. Write a fragment of code that will do the conversion using a multibranch if-else statement.
c. Write a fragment of code that will do the conversion using nested switch
statements.
13. Imagine a program that displays a menu of five possible choices, lettered
a through e4VQQPTFUIFVTFSTTFMFDUJPOJTSFBEJOUPUIFDIBSBDUFSWBSJBCMF
choice. Write a switch statement that reacts to this choice by displaying
a message that indicates the choice. Display an error message if the user
makes an invalid choice.
 3FQFBUUIFQSFWJPVTFYFSDJTF CVUEFGJOFBOFOVNFSBUJPOBOEVTFJUXJUIJO
the switch statement.
 3FQFBU&YFSDJTF CVUVTFBNVMUJCSBODIif-else statement instead of a
switch statement.
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16. Given that the int variable temp contains a temperature that is not negative,
write a Java statement that uses the conditional operator to set the String
variablelabel to either "degree" or "degrees". We want to use label to
QSPEVDFHSBNNBUJDBMMZDPSSFDUPVUQVU TVDIBTEFHSFFT EFHSFF EFgrees, and so on. If you have not studied the conditional operator, use an
if-else statement instead.
17. Write Java statements that create a yes-or-no dialog box to answer the question, “Are you in college?”
PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
1. A number x is divisible by y if the remainder after the division is zero. Write
a program that tests whether one number is divisible by another number.
3FBECPUIOVNCFSTGSPNUIFLFZCPBSE

VideoNote
Solution to Project 2

VideoNote
Responding to user input

 8SJUFBQSPHSBNUPSFBEJOUISFFOPOOFHBUJWFJOUFHFSTGSPNUIFLFZCPBSE
Display the integers in increasing order.
3. Write a program that reads three strings from the keyboard. Although the
strings are in no particular order, display the string that would be second
if they were arranged lexicographically.
4. Write a program that reads a one-line sentence as input and then displays
UIFGPMMPXJOHSFTQPOTF*GUIFTFOUFODFFOETXJUIBRVFTUJPONBSL BOE
the input contains an even number of characters, display the word Yes. If the
sentence ends with a question mark and the input contains an odd number
of characters, display the word No. If the sentence ends with an exclamation
QPJOU  EJTQMBZUIFXPSE Wow. In all other cases, display the words You
always say followed by the input string enclosed in quotes. Your output
should all be on one line. Be sure to note that in the last case, your output
must include quotation marks around the echoed input string. In all other
cases, there are no quotes in the output. Your program does not have to
check the input to see that the user has entered a legitimate sentence.
 8SJUFBQSPHSBNUIBUBMMPXTUIFVTFSUPDPOWFSUBUFNQFSBUVSFHJWFOJO
EFHSFFTGSPNFJUIFS$FMTJVTUP'BISFOIFJUPS'BISFOIFJUUP$FMTJVT6TFUIF
following formulas:
Degrees_C = 5(Degrees_F− 32)/9
Degrees_F = (9(Degrees_C)/5) + 32)

Prompt the user to enter a temperature and either a C or cGPS$FMTJVTPSBOF
or fGPS'BISFOIFJU$POWFSUUIFUFNQFSBUVSFUP'BISFOIFJUJG$FMTJVTJTFOUFSFE 
PSUP$FMTJVTJG'BISFOIFJUJTFOUFSFE%JTQMBZUIFSFTVMUJOBSFBEBCMFGPSNBU
If anything other than C, c, F, or f is entered, print an error message and stop.
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 3FQFBU1SPHSBNNJOH1SPKFDUPG$IBQUFS CVUJODMVEFJOQVUDIFDLJOH
%JTQMBZUIFDIBOHFPOMZJGBWBMJEQSJDFJTFOUFSFE OPMFTTUIBODFOUT 
OPNPSFUIBODFOUT BOEBOJOUFHFSNVMUJQMFPGDFOUT 0UIFSXJTF 
display separate error messages for any of the following invalid inputs: a
DPTUVOEFSDFOUT BDPTUUIBUJTOPUBOJOUFHFSNVMUJQMFPG BOEBDPTU
that is more than a dollar.
 3FQFBU BOZ PG UIF QSFWJPVT QSPHSBNNJOH QSPKFDUT VTJOH JOptionPane,
XIJDIJTEFTDSJCFEJOUIFHSBQIJDTTVQQMFNFOUBUUIFFOEPG$IBQUFS
 4VQQPTFUIBUXFBSFXPSLJOHGPSBOPOMJOFTFSWJDFUIBUQSPWJEFTBCVMMFUJO
board for its users. We would like to give our users the option of filtering
PVUQSPGBOJUZ4VQQPTFUIBUXFDPOTJEFSUIFXPSETcat, dog, and llama to
be profane. Write a program that reads a string from the keyboard and
tests whether the string contains one of our profane words. Your program
should find words like cAt that differ only in case. Option: As an extra chalMFOHF IBWFZPVSQSPHSBNSFKFDUPOMZMJOFTUIBUDPOUBJOBQSPGBOFXPSE
exactly. For example, Dogmatic concatenation is a small category should not
be considered profane.
9. Write a program that reads a string from the keyboard and tests whether
it contains a valid date. Display the date and a message that indicates
whether it is valid. If it is not valid, also display a message explaining why
it is not valid.
The input date will have the format mm/dd/yyyy. A valid month value mm
NVTUCFGSPNUP +BOVBSZJT 5IFEBZWBMVFdd must be from 1 to a
WBMVFUIBUJTBQQSPQSJBUFGPSUIFHJWFONPOUI4FQUFNCFS "QSJM +VOF BOE
/PWFNCFSFBDIIBWFEBZT'FCSVBSZIBTEBZTFYDFQUGPSMFBQZFBST
XIFOJUIBT5IFSFNBJOJOHNPOUITBMMIBWFEBZTFBDI"MFBQZFBS
is any year that is divisible by 4 but not divisible by 100 unless it is also
divisible by 400.
 3FQFBUUIFDBMPSJFDPVOUJOHQSPHSBNEFTDSJCFEJO1SPHSBNNJOH1SPKFDU
GSPN$IBQUFS5IJTUJNFBTLUIFVTFSUPJOQVUUIFTUSJOHi.wJGUIF
user is a man and “W” if the user is a woman. Use only the male formula
to calculate calories if “M” is entered and use only the female formula to
DBMDVMBUFDBMPSJFTJGi8wJTFOUFSFE0VUQVUUIFOVNCFSPGDIPDPMBUFCBST
to consume as before.
 3FQFBU 1SPHSBNNJOH 1SPKFDU  CVU JO BEEJUJPO BTL UIF VTFS JG IF PS
she is





B 4FEFOUBSZ
C 4PNFXIBUBDUJWF FYFSDJTFPDDBTJPOBMMZ
D "DUJWF FYFSDJTFoEBZTQFSXFFL
E )JHIMZBDUJWF FYFSDJTFFWFSZEBZ

Graphics
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  *G UIF VTFS BOTXFST i4FEFOUBSZ w UIFO JODSFBTF UIF DBMDVMBUFE #.3 CZ
QFSDFOU*GUIFVTFSBOTXFSTi4PNFXIBUBDUJWF wUIFOJODSFBTFUIFDBMDVMBUFE#.3CZQFSDFOU*GUIFVTFSBOTXFSTi"DUJWF wUIFOJODSFBTFUIF
DBMDVMBUFE#.3CZQFSDFOU'JOBMMZ JGUIFVTFSBOTXFSTi)JHIMZBDUJWF w
UIFOJODSFBTFUIFDBMDVMBUFE#.3CZQFSDFOU0VUQVUUIFOVNCFSPG
DIPDPMBUFCBSTCBTFEPOUIFOFX#.3WBMVF
Graphics

 8SJUFB+BWBBQQMFUPSBQQMJDBUJPOUPESBXUIFGJWFJOUFSMPDLJOHSJOHTUIBU
BSFUIFTZNCPMPGUIF0MZNQJDT5IFDPMPSPGUIFSJOHT GSPNMFGUUPSJHIU 
is blue, yellow, black, green, and red.

Graphics

 3FQFBU1SPHSBNNJOH1SPKFDUJO$IBQUFS CVUBEEZFTPSOPEJBMPHTUP
allow the user to make the following color changes:
 t $IBOHFUIFDPMPSPGUIFTPMJEDFOUFSDJSDMFGSPNCMBDLUPSFE
 t $IBOHFUIFDPMPSPGUIFPVUFSDJSDMFGSPNCMBDLUPCMVF
 t $IBOHFUIFDPMPSPGUIFTQJOFTGSPNCMBDLUPHSFFO
Answers to Self-Test Questions
1. if (goals > 10)
System.out.println("Wow");
else
System.out.println("Oh Well");

  if ((goals > 10) && (errors == 0))
System.out.println("Wow");
else
System.out.println("Oh Well");

3. if (salary >= deductions)
{
System.out.println("OK");
net = salary - deductions;
}
else
{
System.out.println("No Way");
}

It is also acceptable to omit the braces in the else part.
4. if ((speed > 25) && (visibility < 20))
{
speed = 25;
System.out.println("Caution");
}
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  if ((salary >= MIN_SALARY) || (bonus >= MIN_BONUS))
System.out.println("OK");
else
System.out.println("Too low");

6. String upperWord = nextWord.toUpperCase();
if(upperWord.compareTo("N") < 0)
System.out.println("First half of the alphabet");
else
System.out.println("Second half of the alphabet");

7. If they are of type int, you use x1 == x2. If they are of type String, you
use x1.equals(x2).
8. Time and tide wait for me.
9. Time and tide wait for no one.
10. Time and tide wait for everyone.
11. if OVNCFS
System.out.println("High");
else if (number < 5)
System.out.println("Low");
else
System.out.println("So-so");

 1PTJUJWF
-100

13. The output produced is
false
false
true
true

14. The output produced is
false
true
false
true

Because of short-circuit evaluation, you do not need to know the value of x.
 Till we meet again.
16. Hello
Good-bye

193

194

CHAPTER 3 / Flow of Control: Branching

 4PNFLJOEPGB.
18. Pie
19. Cookies
 Diet time
 5IFNPVUIXJMMOPUCFWJTJCMFCFDBVTFJUXJMMCFDPWFSFECZUIFGJMMFEZFMMPX
DJSDMF5IFSFTUPGUIFGBDFXJMMCFUIFTBNFBTUIBUESBXOCZ-JTUJOH
 5IFGBDFESBXOXJMMCFFYBDUMZUIFTBNFBTUIBUESBXOCZ-JTUJOH
 :PVBSFOPUSFRVJSFEUPHJWFBDPNQMFUFQSPHSBN CVUXFIBWFFNCFEEFE
the answer in a complete program.
import javax.swing.JOptionPane;
public class Question23
{
public static void main(String[] args)
{
boolean adult = false;
//Initialized to keep the compiler happy.
int answer = JOptionPane.showConfirmDialog(null,
"Are you at least 18 years old?",
"Age Check", JOptionPane.YES_NO_OPTION);
if (answer == JOptionPane.YES_OPTION)
adult = true;
else if (answer == JOptionPane.NO_OPTION)
adult = false;
else
System.out.println("Error");
if (adult)
JOptionPane.showMessageDialog
(null, "You are old enough.");
else
JOptionPane.showMessageDialog(null,
"Sorry. you must be 18.");
System.exit(0);
}
}
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One more time
$06/5#"4*& recording of “April in Paris”

Play it again, Sam
—Reputed, incorrectly, to be in the movie Casablanca, which does contain similar phrases, such as
“Play it, Sam.”

We now continue our discussion of flow of control that we began in the
previous chapter. Although Java statements that choose among two or more
paths through the logic of a program are extremely important, the real power
of a computer is its ability to repeat a group of instructions numerous times.
Java provides statements that enable us to make use of this ability.

OBJECTIVES
After studying this chapter, you should be able to
t %FTJHOBMPPQ
t 6TFUIF+BWBTUBUFNFOUTwhile, do, and for in a program
t 6TFUIFfor-each statement with enumerations
t 6TFBTTFSUJPODIFDLTJOBQSPHSBN
t 6TFSFQFUJUJPOJOBHSBQIJDTQSPHSBN
t 6TFUIFNFUIPEdrawString to display text in a graphics program

PREREQUISITES
The examples in this chapter use the if-else statement, the switch statement,
and enumerations, all of which were presented in Chapter 3.

4.1 JAVA LOOP STATEMENTS
And go round and round and round
—JONI MITCHELL, “THE CIRCLE GAME”

A loop repeats
a group of
statements

196

Programs often need to repeat some action. For example, a grading program would
contain branching statements that assign a letter grade to a student on the basis of
the student’s scores on assignments and exams. To assign grades to the entire class,
the program would repeat this action for each student in the class. A portion of
a program that repeats a statement or group of statements is called a loop. The
statement or group of statements to be repeated in a loop is called the body of the
loop. Each repetition of the loop body is called an iteration of the loop.

4.1 Java Loop Statements
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When you design a loop, you need to determine what action the body of Java has several
UIFMPPQXJMMUBLF*OBEEJUJPO ZPVOFFEBNFDIBOJTNGPSEFDJEJOHXIFOUIF statements for
repetition of the loop body should stop. Java has several loop statements that controlling loops
provide this mechanism. We examine these statements in this chapter.

The while Statement
One way to construct a loop in Java is by using a while statement, also known
as a while loop. A while statement repeats its action again and again as long
as a controlling boolean expression is true. That is why it is called a while loop;
the loop is repeated while the controlling boolean expression is true. When
the expression is false, the repetition ends. For example, Listing 4.1 contains
a toy example of a while statement. The statement starts with the keyword
while followed by a boolean expression in parentheses. That is the controlling
boolean expression. The loop’s body is repeated while that controlling boolean
expression is true. Often, the body is a compound statement enclosed in braces
{}. The loop’s body normally contains an action that can change the value of
the controlling boolean expression from true to false and so end the loop. Let’s
step through the execution of the while loop in Listing 4.1.
Consider the first sample run for the while statement in Listing 4.1.
The user enters a 2, and so 2 becomes the value of the variable number. The
controlling boolean expression is
count <= number

4JODF count is 1 and number is 2, this boolean expression is true, so the loop
body, shown here, is executed:
{
System.out.print(count + ", ");
count++;
}

The loop body displays the value of count, which is 1, on the screen and then
increases the value of count by 1 so it becomes 2.
After one iteration of the loop body, the controlling boolean expression
JTDIFDLFEBHBJO4JODF count is 2 and number is 2, the boolean expression is
TUJMMUSVF4PUIFMPPQCPEZFYFDVUFTPOFNPSFUJNF*UBHBJOEJTQMBZTUIFWBMVF
of count, which is 2, on the screen and again increases the value of count by
1 so it becomes 3.
After the second iteration of the loop body, the controlling boolean
expression is checked again. The value of count is now 3 and the value of
number is still 2, and so the controlling boolean expression count <= number
is now false. As a result, when this expression is checked again, the while
loop ends and the program goes on to execute the two System.out.println
statements that follow the while loop. The first of these two statements ends
the line of numbers displayed by the while loop, and the second one displays
Buckle my shoe. Figure 4.1 summarizes the action of this loop.

A while loop
repeats its body
while a boolean
expression is true
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LISTING 4.1 A while Loop
import java.util.Scanner;
public class WhileDemo
{
public static void main(String[] args)
{
int count, number;
System.out.println("Enter a number");
Scanner keyboard = new Scanner(System.in);
number = keyboard.nextInt();
count = 1;
while (count <= number)
{
System.out.print(count + ", ");
count++;
}
System.out.println();
System.out.println("Buckle my shoe.");
}
}

Sample Screen Output 1
Enter a number:
2
1, 2,
Buckle my shoe.

Sample Screen Output 2
Enter a number:
3
1, 2, 3,
Buckle my shoe.

Sample Screen Output 3
Enter a number:
0
Buckle my shoe.

The loop body is
iterated zero times.

4.1 Java Loop Statements

FIGURE 4.1 The Action of the while Loop in Listing 4.1
while (count <= number)
{
System.out.print(count + ", ");
count++;
}

Start

Evaluate
count<=number

True

Execute

False

End loop

{
System.out.print(count + ", ");
count++;
}

RECAP The while Statement
SYNTAX
while (Boolean_Expression)
Body

The Body may be either a simple statement or, more likely, a compound
statement consisting of a list of statements enclosed in braces {}.
EXAMPLE
//Get next positive integer entered as input data
int next = 0;
while (next <= 0)
next = keyboard.nextInt(); //keyboard is a Scanner object

(continued)
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EXAMPLE
//Sum positive integers read until one is not positive
int total = 0;
int next = keyboard.nextInt();
while (next > 0)
{
total = total + next;
next = keyboard.nextInt();
}

The body of a
while loop often
is a compound
statement

All while statements are formed in a way similar to the sample shown in Listing
4.1. The body can be a simple statement, but it is more likely to be a compound
TUBUFNFOU BTJO-JTUJOH4PUIFNPTUDPNNPOGPSNPGBwhile loop is
while (Boolean_Expression)
{
First_Statement
Second_Statement
. . .
Last_Statement
}

The semantics, or meaning, of a while loop is summarized in Figure 4.2.
This semantics assume that no break statement is in the body of the loop.
We discuss the possible use of the break statement within loops later in this
chapter.

■ PROGRAMMING TIP

A while Loop Can Perform Zero
Iterations

The body of a while loop can be executed zero times. When a while loop
FYFDVUFT  UIF DPOUSPMMJOH CPPMFBO FYQSFTTJPO JT JNNFEJBUFMZ DIFDLFE *G UIBU
boolean expression is false, the loop body is not executed, not even one time.
This may seem strange. After all, why write a loop if the body is never executed?
The answer is that you may want a loop whose body is executed zero times or
more than zero times, depending on input from the user. Perhaps the loop adds
VQUIFTVNPGBMMZPVSCJMMTGPSUIFEBZ*GZPVIBWFOPCJMMT ZPVEPOPUXBOUUIF
MPPQCPEZUPCFFYFDVUFEBUBMM4BNQMF4DSFFO0VUQVUJO-JTUJOHTIPXTB
toy example of a while loop that iterates its loop body zero times.
■

The do-while Statement
The do-while statement, or do-while loop, is very similar to the while statement.
The main difference is that the body of a do-while loop is always executed at least
once. As you will recall, the body of a while loop might not be executed at all.
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FIGURE 4.2 The Semantics of the while Statement
while (Boolean_Expression)
Body
Start

Evaluate
Boolean_Expression
True

False

End loop

Execute Body

When a do-while loop is executed, the loop body executes first. After
that, a do-while loop behaves in exactly the same way as a while loop. The
CPPMFBO FYQSFTTJPO JT DIFDLFE *G UIF CPPMFBO FYQSFTTJPO JT USVF  UIF MPPQ
body executes one more time. This is done again and again as long as the
CPPMFBOFYQSFTTJPOJTUSVF*GUIFCPPMFBOFYQSFTTJPOJTGBMTF UIFMPPQFOET
The syntax for a do-while statement is as follows:

A do-while
loop also repeats
its body while
a boolean
expression is true

do
Body
while (Boolean_Expression);

Note the semicolon!

The Body can be a simple statement, but it is more likely to be a compound
TUBUFNFOU4PUIFNPTUDPNNPOGPSNPGBdo-while loop is
do
{
First_Statement
Second_Statement
. . .
Last_Statement
} while (Boolean_Expression);

/PUJDF UIF TFNJDPMPO BGUFS UIF DMPTJOH QBSFOUIFTJT UIBU GPMMPXT UIF Boolean_
Expression. Also note that although we place the ending brace } and the while
on the same line, some programmers prefer to place them on different lines.
Either form is fine, but be consistent.

The body of
a do-while
loop often is
a compound
statement
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A do-while loop
repeats its body
at least once

Listing 4.2 contains a sample do-while loop that is similar to the while
MPPQ JO -JTUJOH  CVU QSPEVDFT EJGGFSFOU PVUQVU /PUF JO 4BNQMF 4DSFFO
Output 3 that the loop body is executed even though the boolean expression
starts out false. Again, the body of a do-while loop always executes at least
once. Figure 4.3 summarizes the action of this loop.
LISTING 4.2 A do-while Loop
import java.util.Scanner;
public class DoWhileDemo
{
public static void main(String[] args)
{
int count, number;
System.out.println("Enter a number");
Scanner keyboard = new Scanner(System.in);
number = keyboard.nextInt();
count = 1;
do
{
System.out.print(count + ", ");
count++;
} while (count <= number);
System.out.println();
System.out.println("Buckle my shoe.");
}
}

Sample Screen Output 1
Enter a number:
2
1, 2,
Buckle my shoe.

Sample Screen Output 2
Enter a number:
3
1, 2, 3,
Buckle my shoe.

Sample Screen Output 3
Enter a number:
0
1,
Buckle my shoe.

The loop body always
executes at least once.

4.1 Java Loop Statements

FIGURE 4.3 The Action of the do-while Loop in Listing 4.2
do
{
System.out.print(count + ", ");
count++;
} while (count <= number);

Start

Execute
{
System.out.print(count + ", ");
count++;
}

Evaluate
count<=number

True

False

End loop

The do-while loop in Listing 4.2 can be rewritten as an equivalent while
loop, as follows:
{
System.out.print(count + ", ");
count++;
}
while (count <= number)
{
System.out.print(count + ", ");
count++;
}

Although we do not recommend rewriting your do-while loops in this way,
this example helps illustrate the difference between these two types of loop
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FIGURE 4.4 The Semantics of the do-while Statement
do
Body
while (Boolean_Expression)

Start

Execute Body

Evaluate
Boolean_
Expression

True

False

End loop

statements. With a do-while loop, the loop body always executes at least
once; with a while loop, the loop body may execute zero times.
The semantics of a do-while loop is shown in Figure 4.4. Like the
semantics of the while loop shown in Figure 4.2, this semantics assumes that
the body of the loop contains no break statement.

RECAP The do-while Statement
SYNTAX
do
Body
while (Boolean_Expression);

The Body may be either a simple statement or, more likely, a compound
statement consisting of a list of statements enclosed in braces {}. The
Body is always executed at least once. Be sure to notice the semicolon at
the end of the entire statement.
(continued)
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EXAMPLE
//Get the next positive integer entered as input data
int next;
do
next = keyboard.nextInt();//keyboard is a Scanner object
while (next <= 0);

EXAMPLE
//Sum the positive integers read until one is not positive
int total = 0;
int next = 0;
do
{
total = total + next;
next = keyboard.nextInt();
} while (next > 0);

PROGRAMMING EXAMPLE

Bug Infestation

This example involves real bugs, not programming bugs! Your hometown
has been hit with an infestation of roaches. This is not the most pleasant
UPQJD CVUGPSUVOBUFMZBMPDBMDPNQBOZDBMMFE%FCVHHJOH&YQFSUT*ODIBTB
USFBUNFOUUIBUDBOFMJNJOBUFSPBDIFTGSPNBIPVTF"TUIFTBZJOHHPFT i*UT
a dirty job, but somebody has to do it.” The only problem is that the town’s
citizens are too complacent and might not exterminate the roaches before
UIFZHFUPVUPGIBOE4PUIFDPNQBOZIBTJOTUBMMFEBDPNQVUFSBUUIFMPDBM
shopping mall to let people know how bad the problem could be at their
particular house. The program in this computer calculates the number of
weeks that a population of roaches takes to completely fill a house from
floor to ceiling.
The roach population grows relatively slowly—for roaches—but that is
still pretty bad. Left unchecked, the population of roaches will almost double
FWFSZXFFL*GUIFQPQVMBUJPOEJEEPVCMFFWFSZXFFL UIFHSPXUISBUFXPVME
be 100 percent per week, but fortunately it is only 95 percent per week. These
roaches are also rather big. Expressed in terms of volume, their average size is
0.002 cubic foot, which is just a bit smaller than 0.3 cubic inch. The program
EPFTNBLFTPNFTJNQMJGZJOHBTTVNQUJPOT*UBTTVNFTUIBUUIFIPVTFIBTOP
furniture and that the roaches fill the house with no space between them.
The real situation would, of course, be far more complicated than the one
portrayed by this program.
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Let’s think of the steps necessary to solve this problem. A first draft of an
algorithm might look like this:
Algorithm for roach population program (rough draft)
Basic steps of our
algorithm

1. Get volume of house.
2. Get initial number of roaches in house.
3. Compute number of weeks until the house is full of roaches.
 %JTQMBZSFTVMUT
4JODFXFLOPXUIFHSPXUISBUFPGUIFSPBDIQPQVMBUJPOBOEUIFJSBWFSBHFTJ[F XF
won’t read these values but rather will define them as constants in the program.
Our algorithm seems simple enough, but let’s not rush to call in the
QSPHSBNNFST 8IBU BCPVU TUFQ   *UT UIF IFBSU PG UIF TPMVUJPO CVU HJWFT OP
hint as to how to perform the calculation. Let’s think some more. We need to
compute a number of weeks, so let’s use a counter that begins at zero to count
UIFN4JODFXFLOPXUIFWPMVNFPGUIFBWFSBHFSPBDIBOEUIFJOJUJBMOVNCFS
of roaches, we can compute their total volume simply by multiplying these two
values. This gives the volume of the roach population at week 0. Are we done?
8FBSFJGUIFSPBDIFTIBWFBMSFBEZGJMMFEUIFIPVTF*GUIFZIBWFOU XFOPXNVTU
add in the volume of the new roaches hatched during the first week. Once again
XFBTLXIFUIFSXFBSFEPOF*GOPU XFBEEJOUIFWPMVNFPGUIFOFXSPBDIFT
hatched during the second week, and so on. Ahh! We need a loop.
8IBULJOEPGMPPQTIPVMEXFVTF *OTPNFTJUVBUJPOT XFNJHIUOPUCF
BCMFUPEFDJEFKVTUZFU BOEUIBUXPVMECFBMMSJHIU#VUGPSUIJTQSPCMFNXF
IBWFBMSFBEZPCTFSWFEUIBUUIFJOJUJBMJOGFTUBUJPONJHIUGJMMUIFIPVTF*GUIBU
were the case, we would not need to calculate anything. That is, we would not
want the body of our proposed loop to execute. Thus, we should use a while
loop, not a do-whileMPPQ#VUMFUTTFFIPXXFNJHIUQSPDFFEJGXFIBEOU
already reached this conclusion.
Regardless of whether we know what loop to use, let’s choose some
constants and variables, as follows:

Begin a list of
constants and
variables

GROWTH_RATE—weekly growth rate of the roach population (a constant 0.95)
ONE_BUG_VOLUME—volume of an average roach (a constant 0.002)
houseVolume—volume of the house
startPopulation—initial number of roaches
countWeeks—week counter
population—current number of roaches
totalBugVolume—total volume of all the roaches
newBugs—number of roaches hatched this week
newBugVolume—volume of new roaches

You might not think of the variables you need all at once. As you refine
your pseudocode, you can add other variables to the list as they come to
mind. Maintaining a separate list of variables and their meanings can be an
invaluable resource while designing and writing a program.
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Take Notes

#FGPSFZPVXSJUFZPVSGJSTU+BWBTUBUFNFOU UBLFUJNFUPEFTJHOZPVSQSPHSBN
Write pseudocode, draw pictures, and make a list of proposed variables and
their meanings. That is, organize your thoughts and commit them to paper.
Your resulting Java program is likely to be better organized and more correct
than one that you begin to code too soon.
■
We can now replace step 3 of our algorithm with the following steps:
3a. countWeeks = 0
3b. Repeat until house is full of bugs
{
newBugs = population * GROWTH_RATE
newBugVolume = newBugs * ONE_BUG_VOLUME
population = population + newBugs
totalBugVolume = totalBugVolume + newBugVolume
countWeeks = countWeeks + 1

Step 3: Compute
number of weeks
until the house is
full of roaches

}

Looking at step 3b, we note that Java does not have a repeat until construct. We
can reword Repeat until house is full of bugs as Repeat while house is not full of bugs, or
Repeat while volume of bugs is less than volume of house. Thus, we use the construct
while (totalBugVolume < houseVolume)

Assembling the pieces gives us the following algorithm:
Algorithm for roach population program

1.
2.
3.
4.
5.
6.

Read houseVolume
Read startPopulation
population = startPopulation
totalBugVolume = population * ONE_BUG_VOLUME
countWeeks = 0
while (totalBugVolume < houseVolume)
{
newBugs = population * GROWTH_RATE
newBugVolume = newBugs * ONE_BUG_VOLUME
population = population + newBugs
totalBugVolume = totalBugVolume + newBugVolume
countWeeks = countWeeks + 1
}

7. %JTQMBZstartPopulation, houseVolume, countWeeks, population, and
totalBugVolume

Our loop simply updates the population of the roaches, the volume of
SPBDIFT  BOE UIF XFFL DPVOUFS #FDBVTF UIF HSPXUI SBUF BOE UIF WPMVNF PG

We use a while
loop in case the
house is already
full of bugs
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one bug are both positive numbers, we know that the value of population,
and hence the value of totalBugVolume, will increase with each loop
JUFSBUJPO4PFWFOUVBMMZ UIFWBMVFof totalBugVolume will exceed the value of
houseVolume, and the controlling boolean expression
totalBugVolume < houseVolume

will become false and end the while loop.
The variable countWeeks starts out as zero and is increased by 1 on each loop
iteration. Thus, when the loop ends, the value of countWeeks is the total number
of weeks it takes for the volume of roaches to exceed the volume of the house.
Listing 4.3 shows our Java program and sample output.
LISTING 4.3 Roach Population Program (part 1 of 2)
import java.util.Scanner;
/**
Program to calculate how long it will take a population of
roaches to completely fill a house from floor to ceiling.
*/
public class BugTrouble
{
public static final double GROWTH_RATE = 0.95;
//95% per week
public static final double ONE_BUG_VOLUME = 0.002; //cubic feet
public static void main(String[] args)
{
System.out.println("Enter the total volume of your house");
System.out.print("in cubic feet: ");
Scanner keyboard = new Scanner(System.in);
double houseVolume = keyboard.nextDouble();
System.out.println("Enter the estimated number of");
System.out.print("roaches in your house: ");
int startPopulation = keyboard.nextInt();
int countWeeks = 0;
double population = startPopulation;
double totalBugVolume = population * ONE_BUG_VOLUME;
double newBugs, newBugVolume;
while (totalBugVolume < houseVolume)
{
newBugs = population * GROWTH_RATE;
newBugVolume = newBugs * ONE_BUG_VOLUME;
population = population + newBugs;
totalBugVolume = totalBugVolume + newBugVolume;
countWeeks++;
}

(continued)
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LISTING 4.3 Roach Population Program (part 2 of 2)

(int) is a

type cast as
discussed in
Chapter 2.

System.out.println("Starting with a roach population of " +
startPopulation);
System.out.println("and a house with a volume of " + houseVolume +
" cubic feet,");
System.out.println("after " + countWeeks + " weeks,");
System.out.println("the house will be filled with " +
(int)population + " roaches.");
System.out.println("They will fill a volume of " +
(int)totalBugVolume + " cubic feet.");
System.out.println("Better call Debugging Experts Inc.");

}
}

Sample Screen Output
Enter the total volume of your house
in cubic feet: 20000
Enter the estimated number of
roaches in your house: 100
Starting with a roach population of 100
and a house with a volume of 20000.0 cubic feet,
after 18 weeks,
the house will be filled with 16619693 roaches.
They will fill a volume of 33239 cubic feet.
Better call Debugging Experts Inc.

GOTCHA

Infinite Loops

A common program bug is a loop that does not end, but simply repeats its
loop body again and again forever. (Well, conceptually forever.) A loop that
iterates its body repeatedly without ever ending is called an infinite loop.
/PSNBMMZ  TPNF TUBUFNFOU JO UIF CPEZ PG B while loop or do-while loop
will change one or more variables so that the controlling boolean expression
becomes false. However, if the variable or variables do not change in the right
way, you could get an infinite loop.
For example, let’s consider a slight variation of the program in Listing 4.3.
4VQQPTFZPVSUPXOJTIJUCZBOJOGFTUBUJPOPGSPBDIFBUJOHGSPHT5IFTFGSPHTFBU
roaches so quickly that the roach population actually decreases. As a result, the
roaches have a negative growth rate. To reflect this fact, you could change the
definition of one named constant to the following and recompile the program:
public static final double GROWTH_RATE = −0.05;
//−5% per week

An infinite
loop executes
repeatedly due to
an error in logic
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Learn how to
force a program
to stop running

*G ZPV NBLF UIJT DIBOHF BOE SVO UIF QSPHSBN  UIF while loop will be an
infinite loop, provided the house starts out with a relatively small number of
SPBDIFT#FDBVTFUIFUPUBMOVNCFSPGSPBDIFT BOETPUIFWPMVNFPGSPBDIFT 
continually decreases, the controlling boolean expression, totalBugVolume <
houseVolume, is always true. Therefore, the loop never ends.
4PNF JOGJOJUF MPPQT XJMM OPU SFBMMZ SVO GPSFWFS CVU XJMM JOTUFBE FOE
your program when some system resource is exhausted. However, some
infinite loops will run forever if left alone. To be able to end a program
containing an infinite loop, you should learn how to force a program to
stop running. The way to do this depends on your operating system. On
many systems—but not all—you can stop program execution by typing
DPOUSPM$  XIJDI ZPV EP CZ IPMEJOH EPXO UIF DPOUSPM $USM  LFZ XIJMF
pressing the C key.
4PNFUJNFTBQSPHSBNNFSNJHIUJOUFOUJPOBMMZXSJUFBOJOGJOJUFMPPQ'PS
example, an ATM machine would typically be controlled by a program’s
infinite loop that handles deposits and withdrawals indefinitely. However,
at this point in your programming, an infinite loop is likely to be an
error.
■

S E L F -TE S T QU ESTI ONS
1. What output is produced by the following code?
int count = 0;
while (count < 5)
{
System.out.println(count);
count++;
}
System.out.println("count after loop = " + count);

2. Can the body of a while loop execute zero times? Can the body of a
do-while loop execute zero times?
3. What output is produced by the following code?
int count = 0;
do
{
System.out.println(count);
count++;
} while (count < 0);
System.out.println("count after loop = " + count);

4.1 Java Loop Statements
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4. Revise the following code so that it uses a while loop instead of a dowhile loop:
Scanner keyboard = new Scanner(System.in);
int number;
do
{
System.out.println("Enter a whole number:");
number = keyboard.nextInt();
System.out.println("You entered " + number);
} while (number > 0);
System.out.println("number after loop = " + number);

5. What output is produced by the following code?
int count = 0;
while (count < 5)
{
System.out.println(count);
count;
}
System.out.println("count after loop = " + count);

  *NBHJOFBQSPHSBNUIBUSFBETUIFQPQVMBUJPOPGBDJUZVTJOHUIFGPMMPXJOH
statements:
System.out.print("Enter the population of the city: ");
int population = keyboard.nextInt( );

Write a while loop after these statements that ensures that population is
QPTJUJWF*GUIFVTFSFOUFSTBQPQVMBUJPOUIBUJTFJUIFSOFHBUJWFPS[FSP BTL
the user to enter a nonnegative value.

PROGRAMMING EXAMPLE

Nested Loops

5IFCPEZPGBMPPQDBODPOUBJOBOZTPSUPGTUBUFNFOUT*OQBSUJDVMBS ZPVDBO
have a loop statement within the body of a larger loop statement. For example,
the program in Listing 4.4 uses a while loop to compute the average of a list The body of one
of nonnegative scores. The program asks the user to enter all the scores loop can contain
followed by a negative sentinel value to mark the end of the data. This while another loop
loop is placed inside a do-while loop so that the user can repeat the entire
process for another exam, and another, until the user wishes to end the
program.
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LISTING 4.4 Nested Loops (part 1 of 2)
import java.util.Scanner;
/**
Computes the average of a list of (nonnegative) exam scores.
Repeats computation for more exams until the user says to stop.
*/
public class ExamAverager
{
public static void main(String[] args)
{
System.out.println("This program computes the average of");
System.out.println("a list of (nonnegative) exam scores.");
double sum;
int numberOfStudents;
double next;
String answer;
Scanner keyboard = new Scanner(System.in);
do
{
System.out.println();
System.out.println("Enter all the scores to be averaged.");
System.out.println("Enter a negative number after");
System.out.println("you have entered all the scores.");
sum = 0;
numberOfStudents = 0;
next = keyboard.nextDouble();
while (next >= 0)
{
sum = sum + next;
numberOfStudents++;
next = keyboard.nextDouble();
}
if (numberOfStudents > 0)
System.out.println("The average is " +
(sum / numberOfStudents));
else
System.out.println("No scores to average.");
System.out.println("Want to average another exam?");
System.out.println("Enter yes or no.");
answer = keyboard.next();
} while (answer.equalsIgnoreCase("yes"));
}
}

(continued)
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LISTING 4.4 Nested Loops (part 2 of 2)
Sample Screen Output
This program computes the average of
a list of (nonnegative) exam scores.
Enter all the scores to be averaged.
Enter a negative number after
you have entered all the scores.
100
90
100
90
-1
The average is 95.0
Want to average another exam?
Enter yes or no.
yes
Enter all the scores to be averaged.
Enter a negative number after
you have entered all the scores.
90
70
80
-1
The average is 80.0
Want to average another exam?
Enter yes or no.
no

The for Statement
The for statement, or for loop, enables you to easily write a loop that is
controlled by some sort of counter. For example, the following pseudocode
defines a loop that iterates three times and is controlled by the counter count:
%PUIFGPMMPXJOHGPSFBDIWBMVFPGcount from 1 to 3:
     %JTQMBZcount
This particular pseudocode can be expressed in Java as the following for
statement:
for (count = 1; count <= 3; count++)
System.out.println(count);

VideoNote
Using nested while loops
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This for statement causes the output
1
2
3

After the for statement ends, any statement after the loop body executes.
*OUIJTGJSTUFYBNQMFPGBfor statement, the loop body is
System.out.println(count);

The iteration of the loop body is controlled by the line
for (count = 1; count <= 3; count++)

The first of the three expressions in parentheses, count = 1, tells what happens
before the loop body is executed for the first time. The third expression,
count++, is executed after each iteration of the loop body. The middle
expression, count <= 3, is a boolean expression that determines when the
loop will end, and it does so in the same way as the controlling boolean
expression in a while loop. Thus, the loop body is executed while the value
of count is less than or equal to 3. To rephrase what we just said, the for
statement
for (count = 1; count <= 3; count++)
Body

is equivalent to
count = 1;
while (count <= 3)
{
Body
count++;
}

The syntax of a for statement is as follows:
A for statement
groups the major
aspects of a loop

for (Initializing_Action; Boolean_Expression; Update_Action)
Body

The Body can be a simple statement, as in our first example, but it more likely
is a compound statement. Thus, the more common form of a for loop can be
described as follows:
for (Initializing_Action; Boolean_Expression; Update_Action)
{
Statements
. . .
}

4.1 Java Loop Statements

When it is executed, a for statement is equivalent to code involving a while
MPPQ4PBfor statement of the preceding form is equivalent to the following:
Initializing_Action;
while (Boolean_Expression)
{
Statements
. . .
Update_Action;
}

4JODFB for statement is basically another notation for a kind of while loop,
a for statement—just like a while statement—might not repeat its loop body
at all.
Listing 4.5 provides an example of a for TUBUFNFOU *UT BDUJPO JT
summarized in Figure 4.5. Figure 4.6 describes the semantics of a for loop in
general.
LISTING 4.5 An Example of a for Statement
public class ForDemo
{
public static void main(String[] args)
{
int countDown;
for (countDown = 3; countDown >= 0; countDown--)
{
System.out.println(countDown);
System.out.println("and counting.");
}
System.out.println("Blast off!");
}
}

Screen Output
3
and counting.
2
and counting.
1
and counting.
0
and counting.
Blast off!
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A for loop
is logically
equivalent to a
while loop
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FIGURE 4.5 The Action of the for Loop in Listing 4.5
for (countDown = 3; countDown >= 0; countDown–)
{
System.out.println(countDown);
System.out.println("and counting.");
}

Start

Execute
countDown = 3;

Evaluate
count >= 0

True

Execute

False

End loop

{
System.out.println(countDown);
System.out.println("and counting.");
}

Execute
countDown––;

RECAP The for Statement
SYNTAX
for (Initializing_Action; Boolean_Expression; Update_Action)
Body

(continued)

4.1 Java Loop Statements
The Body may be either a simple statement or, more likely, a compound
statement consisting of a list of statements enclosed in braces {}. Notice
that the three items in parentheses are separated by two, not three,
semicolons.
EXAMPLE
for (next = 0; next <= 10; next = next + 2)
{
sum = sum + next;
System.out.println("sum now is " + sum);
}

FIGURE 4.6 The Semantics of the for Statement
for (Initializing_Action; Boolean_Expression; Update_Action)
Body

Start

Execute
Initializing_Action

Evaluate
Boolean_
Expression

True

False

End loop
Execute Body

Execute Update_Action
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GOTCHA

Extra Semicolon in a Loop Statement

The following code looks quite ordinary. Moreover, it will compile and run
XJUI OP FSSPS NFTTBHFT *U EPFT  IPXFWFS  DPOUBJO B NJTUBLF 4FF JG ZPV DBO
find the mistake before reading on.
int product = 1, number;
for (number = 1; number <= 10; number++);
{
product = product * number;
}
System.out.println("Product of the numbers 1 through " +
"10 is " + product);

*GZPVJODMVEFUIJTDPEFJOBQSPHSBNBOESVOUIFQSPHSBN UIFPVUQVUXJMMCF
Product of the numbers 1 through 10 is 11

/PXDBOZPVTFFXIBUJTXSPOH 5SZUPFYQMBJOUIFQSPCMFNCFGPSFSFBEJOHPO
*G ZPV XFSF UFTUJOH UIF QSPHSBN UIBU QSPEVDFE UIJT QV[[MJOH PVUQVU  JU
could leave you bewildered. Clearly, something is wrong with the for loop,
but what? The for loop is supposed to set the value of product equal to
1 × 2 × 3 × 4 × 5 × 6 × 7 × 8 × 9 × 10
but instead, it sets the value of product equal to 11. How could that happen?
The problem is typographically very small. The for statement has an extra
semicolon at the end of the first line:
Do not write a
semicolon after
the beginning of
a for statement

for (number = 1; number <= 10; number++) ;
{
product = product * number;
}

What does this for statement do? The semicolon at the end means that the
body of the for statement is empty. A semicolon by itself is considered a
TUBUFNFOU UIBU EPFT OPUIJOH *U JT DBMMFE UIF empty statement or the null
statement. This for statement with the extra semicolon is equivalent to
for (number = 1; number <= 10; number++)
{
//Do nothing.
}
{
product = product * number;
}

Thus, the body of the for statement is in fact executed ten times; however,
each time it executes, the loop does nothing but increment the variable number
by 1. That leaves number equal to 11 when the program reaches the statement
product = product * number;
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(Remember, number starts out equal to 1 and is increased by 1 ten times,
so the value becomes 11.) With product still 1 and number equal to 11, the
assignment statement sets the value of product to 1 times 11, or 11, as the
output says. To fix the problem, simply remove the extra semicolon at the end
of the line that begins with for.
The same sort of problem can occur with a while loop. The following
while loop has the same problem as our troublesome for loop, but the
results are even worse:
int product = 1, number = 1;
while (number <= 10) ;
{
product = product * number;
number++;
}
System.out.println("Product of the numbers 1 through 10 is "
+ product);

Do not write a
semicolon after
the beginning
of a while
statement

The extra semicolon ends the while loop, and so the body of the while
MPPQ JT UIF FNQUZ TUBUFNFOU #FDBVTF UIF CPEZ PG UIF MPPQ JT UIF FNQUZ
statement, nothing happens on each loop iteration. Therefore, the value of
number never changes, and the condition
number <= 10

JTBMXBZTUSVF4PUIFMPPQJTBOJOGJOJUFMPPQUIBUEPFTOPUIJOHBOEEPFTJU
forever!
■

Declaring Variables Within a for Statement
You can declare a variable within the initialization part of a for statement, as
in the following example:
int sum = 0;
for (int n = 1; n <= 10; n++)
sum = sum + n * n;

*OUIJTDBTF UIFWBSJBCMF n is local to the for loop, meaning that it cannot be
used outside of the loop. For example, you would not be able to display n in a
println statement after the loop completes:
for (int n = 1; n <= 10; n++)
sum = sum + n * n;
System.out.println(n); //Invalid

The portion of a program in which a variable has meaning is known as
the variable’s scope. *O UIF QSFWJPVT FYBNQMF  UIF TDPQF PG UIF WBSJBCMF n is
the for statement, including its body. Thus, n has no meaning beyond the for
statement.

A variable’s scope
is where it has
meaning in a
program
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When a variable exists solely to control a for loop, you should declare it
XJUIJOUIFJOJUJBMJ[BUJPOQPSUJPOJOTUFBEPGCFGPSFUIFMPPQ*GXFIBEUBLFO
this advice in the example given in the previous Gotcha, we would have
written the code as follows:
int product = 1;
for (int number = 1; number <= 10; number++) ;
product = product * number; //Invalid

4JODF number is now local to the for loop, and because the stray semicolon
ends the loop, number is not defined after the loop. We would get a syntax
error.
We will talk more about variable declarations and scope in the next
chapter.

Using a Comma in a for Statement (Optional)
A for loop can perform more than one initialization. To use a list of
initialization actions, simply separate the actions with commas, as in the
following example:
for (n = 1, product = 1; n <= 10; n++)
product = product * n;

A comma can
separate multiple
initializations in a
for statement

This for loop initializes n to 1 and also initializes productUP/PUFUIBUXF
VTFBDPNNB OPUBTFNJDPMPO UPTFQBSBUFUIFJOJUJBMJ[BUJPOBDUJPOT4VDIB
comma is called the comma operator.
Likewise, you can have multiple update actions by separating them with
commas. This practice can sometimes result in a for statement that has an
empty body but still does something useful. For example, the previous for
statement can be rewritten as follows:
for (n = 1, product = 1; n <= 10; product = product * n, n++);

*O FGGFDU  XF IBWF NBEF UIF MPPQ CPEZ QBSU PG UIF VQEBUF BDUJPO )PXFWFS 
your code will be more readable if you use the update action only for the
variables that control the loop, as in the previous version of this for loop.
We do not advocate using for loops with no body, but many programmers
consider them “clever.” As indicated in the previous Gotcha section, often a
for loop without a body is the result of a programmer error.
You cannot have multiple boolean expressions to test for ending a for
loop. However, you can string together multiple tests using the && or ||
operators to form one larger boolean expression.
/PUF UIBU UIF DPNNB PQFSBUPS DBO CF VTFE POMZ JO for TUBUFNFOUT #F
careful if you have programmed in other programming languages that allow a
comma operator to be used elsewhere.
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S E L F-TE S T QU E S TIO N S
7. What output is produced by the following code?
for (int n = 1; n <= 4; n++)
System.out.println(n);

8. What output is produced by the following code?
int n;
for (n = 1; n > 4; n++)
System.out.println(n);

9. What output is produced by the following code?
for (int n = 4; n > 0; n––)
System.out.println(n);

10. What output is produced by the following code?
for (int n = 4; n > 0; n––);
System.out.println(n);

(This is not the same as the previous question. Look carefully.)
11. What output is produced by the following code?
for (double test = 0; test < 3; test = test + 0.5)
System.out.println(test);

12. Write a for statement that displays the even numbers 2, 4, 6, 8, and 10.
&BDIOVNCFSTIPVMEBQQFBSPOBTFQBSBUFMJOF%FDMBSFBMMUIFWBSJBCMFT
you use.
13. What output is produced by the following code?
for (int count = 0; count <= 3; count++)
for (int count2 = 0; count2 < count; count2++)
System.out.println(count2);

■ PROGRAMMING TIP

Choosing a Loop Statement

4VQQPTFUIBUZPVSQSPHSBNOFFETBMPPQ)PXEPZPVEFDJEFXIFUIFSUPVTF
a while statement, a do-while statement, or a for statement? We can give
you some general guidelines. You cannot use a do-while statement unless you
are certain that, for all possible inputs to your program, the loop should be
JUFSBUFEBUMFBTUPOFUJNF*GZPVLOPXUIBUZPVSMPPQTIPVMEBMXBZTCFJUFSBUFE
at least one time, a do-while statement is likely to be a good choice. However,
more often than you might think, a loop requires the possibility of iterating

VideoNote
Comparing loop statements
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UIFCPEZ[FSPUJNFT*OUIPTFDBTFT ZPVNVTUVTFFJUIFSBwhile statement or a
forTUBUFNFOU*GZPVSDPNQVUBUJPODIBOHFTTPNFOVNFSJDRVBOUJUZTVDIBT
a counter—by an equal amount on each iteration, consider a for statement.
*G UIF for statement does not seem clear, use a while statement. The while
statement is always a safe choice, because you can use it to realize any sort of
loop. This is not to say that you should use while loops exclusively; sometimes
one of the other alternatives is clearer or easier to write. Many programmers
use for statements to clarify the logic of their code.
■

The for-each Statement

A for-each
statement iterates
for each item in a
data collection

When you want to restrict the value of a variable to a handful of values, you
DBOEFGJOFBOFOVNFSBUJPO BTZPVTBXJOUIFQSFWJPVTDIBQUFS*GZPVOFFEUP
repeat some action for each item in an enumeration, you can use any of the
MPPQTUBUFNFOUTUIBUXFIBWFQSFTFOUFE#VU+BWBBMTPQSPWJEFTBOPUIFSGPSN
of the for statement for use when you have a collection of data such as an
enumeration. This form is called the for-each statement.
For example, in a program that plays a card game, you could define
an enumeration for the four suits—clubs, diamonds, hearts, and spades—as
follows:
enum Suit {CLUBS, DIAMONDS, HEARTS, SPADES}

To display these suits, you can write the following for-each loop:
for (Suit nextSuit : Suit.values())
System.out.print(nextSuit + " ");
System.out.println();

The expression Suit.values() represents all the values in the enumeration.
The variable nextSuit takes on each of these values one at a time as the
iteration progresses. Thus, the output from this loop is
CLUBS DIAMONDS HEARTS SPADES

Chapters 7 and 12 will show you how to use the for-each statement for
data collections other than enumerations.

4.2 PROGRAMMING WITH LOOPS
The cautious seldom err.
—CONFUCIUS

A loop typically involves three elements: the initializing statements that must
precede any repetition, the loop body, and the mechanism for ending the
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MPPQ*OUIJTTFDUJPOXFHJWFZPVUFDIOJRVFTGPSEFTJHOJOHFBDIPGUIFTFMPPQ
components. Although the initializing statements come before the loop body,
the loop body is naturally designed first, and so we will start our discussion
there.

The Loop Body
One way to design a loop body is to write out the sequence of actions that you
want your code to accomplish. For example, you might write the following
actions:
  %JTQMBZJOTUSVDUJPOTUPUIFVTFS
  *OJUJBMJ[FWBSJBCMFT
3. Read a number into the variable next.
4. sum = sum + next
  %JTQMBZUIFOVNCFSBOEUIFTVNTPGBS
6. Read another number into the variable next.
7. sum = sum + next
  %JTQMBZUIFOVNCFSBOEUIFTVNTPGBS
9. Read another number into the variable next.
10. sum = sum + next
 %JTQMBZUIFOVNCFSBOEUIFTVNTPGBS
12. Read another number into the variable next.
13. and so forth.
/PXMPPLGPSBSFQFBUFEQBUUFSOJOUIFMJTUPGBDUJPOT*OUIJTDBTF UIFSFQFBUFE
pattern is
Read another number into the variable next.
sum = sum + next

%JTQMBZUIFOVNCFSBOEUIFTVNTPGBS.
4PUIFCPEZPGUIFMPPQ FYQSFTTFEJOQTFVEPDPEF DBOCFUIFQSFDFEJOHUISFF
actions. The entire pseudocode can be
 %JTQMBZJOTUSVDUJPOTUPUIFVTFS
 *OJUJBMJ[FWBSJBCMFT
3. Repeat the following for the appropriate number of times:
{
Read a number into the variable next.
sum = sum + next

     %JTQMBZUIFOVNCFSBOEUIFTVNTPGBS
}

/PUFUIBUUIFQBUUFSOOFFEOPUTUBSUXJUIUIFGJSTUBDUJPOJOUIFQTFVEPDPEF
4PNFBDUJPOTNJHIUOFFEUPPDDVSCFGPSFPSBGUFSUIFMPPQJTFYFDVUFE

Write down a
sequence of
actions when
designing a loop
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Initializing Statements
A loop depends
on correct initial
values

$POTJEFSUIFQTFVEPDPEFXFEFTJHOFEJOUIFQSFWJPVTTFDUJPO/PUJDFUIBUUIF
variable sum is expected to have a value every time the instruction
sum = sum + next

JTFYFDVUFEXJUIJOUIFMPPQCPEZ*OQBSUJDVMBS sum must have a value the first
UJNFUIFMPPQJTJUFSBUFE4Psum must be initialized to a value before the loop
starts. When trying to decide on the correct initializing value for a variable,
consider what you want to happen after one loop iteration. For our current
loop, the value of sum should be set to the first value of next after one loop
iteration. The only way that sum + next can evaluate to next is if sum is zero.
This means that the value of sum must be initialized to zero. Thus, one of the
initializations must be
sum = 0

The only other variable used in the loop is next. The first statement
performed that involves next is
Read a number into the variable next.

This statement gives next a value, so next does not need to have a value
before the loop is started. Thus, the only variable that needs to be initialized is
sum. We can rewrite the pseudocode as follows:
 %JTQMBZJOTUSVDUJPOTUPUIFVTFS
2. sum = 0
3. Repeat the following for the appropriate number of times:
{
Read a number into the variable next.
sum = sum + next

%JTQMBZUIFOVNCFSBOEUIFTVNTPGBS
}

Variables are not always initialized to zero. To see this, consider
BOPUIFSFYBNQMF4VQQPTFZPVSMPPQDPNQVUFTUIFQSPEVDUPGn numbers
as follows:
for (int count = 1; count <= n; count++)
{

Read a number into the variable next.
product = product * next;
}

*O UIJT DBTF  MFUT TBZ UIBU BMM WBSJBCMFT BSF PG UZQF int. *G ZPV JOJUJBMJ[F
the variable product to 0, no matter how many numbers are read in and
multiplied, the value of productXJMMTUJMMCF4PDMFBSMZJTOPUUIFDPSSFDU
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initialization value for product. The correct initializing value for product
is 1. To see that 1 is the correct initial value, notice that the first time through
the loop, you want product to be set equal to the first number read in.
*OJUJBMJ[JOHproduct to 1 will make this happen. Thus, the loop, and its correct
initialization statement, is
int product = 1;
for (int count = 1; count <= n; count++)
{

Read a number into the variable next.
product = product * next;

}

Controlling the Number of Loop Iterations
8F OPX XJMM EJTDVTT TPNF TUBOEBSE UFDIOJRVFT GPS FOEJOH B MPPQ *G ZPV
are lucky, you will be able to specify exactly how many times the loop
body must be repeated before the loop starts. For example, suppose that
we want to know the average score on a given exam in a course. We need
the number of students in the class, so we read that number into the
integer variable numberOfStudents.*OUIJTTJNQMFDBTF XFDBOVTFB for
loop to repeat the loop body numberOfStudents times. The following will
do nicely:
double next, average, sum = 0;
for (int count = 1; count <= numberOfStudents; count++)
{
next = keyboard.nextDouble();
sum = sum + next;
}
if (numberOfStudents > 0)
average = sum/numberOfStudents;
else
System.out.println("No scores to average.");

/PUJDFUIBUUIF for loop mechanism controls the repetition of the loop
body by using the variable count to count from 1 to numberOfStudents.
Loops such as this one that know the number of loop iterations before the
loop starts are called count-controlled loops. *O UIJT QBSUJDVMBS FYBNQMF 
count is not used within the loop body, but in other situations, a counter
NJHIU CF $PVOUDPOUSPMMFE MPPQT EP OPU OFFE UP CF JNQMFNFOUFE BT for
MPPQT CVUUIBUJTUIFFBTJFTUXBZUPEPTP/PUJDFUIBUJGOPTUVEFOUTBSFJOUIF
class, the loop body is iterated zero times and the if-else statement prevents
a division by zero.
Knowing the number of loop iterations ahead of time is not always
possible. One straightforward way of ending a loop is simply to ask the user
if it is time to end the loop. This technique is called ask before iterating. For

A counter can
control a loop’s
repetition

A loop’s
repetition can
be controlled
by asking the
user whether to
continue
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example, the following code helps a customer figure the cost of purchasing
multiples of several items:
do
{
System.out.println("Enter price $");
price = keyboard.nextDouble();
System.out.print("Enter number purchased:");
number = keyboard.nextInt();
System.out.println(number + " items at $" + price);
System.out.println("Total cost $" + price * number);
System.out.println("Want to make another purchase?");
System.out.println("Enter yes or no.");
answer = keyboard.next();
} while (answer.equalsIgnoreCase("yes"));

A user can
signal the end
of repetition
by entering a
sentinel value

*GZPVLOPXUIBUFBDIVTFSXJMMNBLFBUMFBTUPOFQVSDIBTF UIJTdo-while loop
XJMMXPSLGJOF*OPUIFSTJUVBUJPOT Bwhile loop would be best.
This code works well if each customer makes only a few purchases. The
technique becomes tedious for the user, however, if the total number of loop
iterations is not fairly small. For lengthy input lists, you can sometimes use a
sentinel value to signal the end of the input. A sentinel value must be different
from all possible actual data values. For example, suppose you want some code to
DPNQVUFUIFIJHIFTUBOEMPXFTUTDPSFTPOBOFYBN*GZPVLOPXUIBUBUMFBTUPOF
person completed the exam, and no one is ever given a negative score, you can
ask the user to enter a negative number after entering the last score. The negative
OVNCFSJTUIFTFOUJOFMWBMVF OPUPOFPGUIFFYBNTDPSFT*UJTKVTUBOFOENBSLFS
The code for computing the highest and lowest scores could be as follows:
System.out.println("Enter scores for all students.");
System.out.println("Enter a negative number after");
System.out.println("you have entered all the scores.");
Scanner keyboard = new Scanner(System.in);
double max = keyboard.nextDouble();
double min = max; //The max and min so far are the first score.
double next = keyboard.nextDouble();
while (next >= 0)
{
if (next > max)
max = next;
else if (next < min)
min = next;
next = keyboard.nextDouble();
}
System.out.println("The highest score is " + max);
System.out.println("The lowest score is " + min);

*GUIFVTFSFOUFSTUIFTDPSFT
100
90
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10
-1

the output will be
The highest score is 100
The lowest score is 10

The sentinel value here is −1; it is not used in the computation. That is, the
lowest score is 10, not −1. The −1 is just an end marker.
The three previous techniques—using a counter, asking the user, and
detecting a sentinel value—cover most situations you are likely to encounter.
The next case study involves a sentinel value and uses a boolean variable to
end the loop’s iteration.

CASE STUDY Using a Boolean Variable to End a Loop
*OUIJTDBTFTUVEZ XFXJMMOPUTPMWFBDPNQMFUFQSPCMFN CVUXFXJMMEFTJHO
a loop for a commonly occurring subtask and place it in a demonstration
QSPHSBN*OEPJOHTP ZPVXJMMCFDPNFGBNJMJBSXJUIPOFPGUIFNPTUDPNNPO
uses of boolean variables.
Our loop will read a list of numbers and compute the sum of all the
numbers on the list. The numbers will all be nonnegative. For example, they Task specification
might be the number of hours worked by each person on a programming
UFBN #FDBVTF OPCPEZ XPSLT B OFHBUJWF OVNCFS PG IPVST  XF LOPX UIBU
the numbers are all nonnegative, and so we can use a negative number as a
sentinel value to mark the end of the list. For this task, we will assume that
the numbers will all be integers, but the same technique would work for other
kinds of numbers and even for nonnumeric data.
You will get a better grasp of the problem and possible solutions if we first
design the loop in pseudocode. Let’s begin with the following:
int sum = 0;
Do the following for each number on the list:
if (the number is negative)
Make this the last loop iteration.
else
sum = sum + the number

#FDBVTFXFLOPXUIBUBOFHBUJWFOVNCFSNBSLTUIFFOEPGUIFMJTU XFDBO
refine the pseudocode as follows:
int next, sum = 0;
while (there are more numbers to read)
{
next = keyboard.nextInt();
if (next < 0)
Make this the last loop iteration.
else
sum = sum + next;
}

First-draft
pseudocode
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Refined
pseudocode

We can finish converting this pseudocode to Java code in a number of
different ways. One way is to use a boolean variable. A nice thing about using
a boolean variable is that our code can read much like an English sentence. For
example, let’s use a boolean variable named thereAreMoreNumbersToRead.
4JNQMZEFDMBSJOHUIJTCPPMFBOWBSJBCMFBOETVCTUJUVUJOHJUGPSUIFQISBTFiUIFSF
are more numbers to read” in our pseudocode yields the following:
int next, sum = 0;
boolean thereAreMoreNumbersToRead = initial value;
while (thereAreMoreNumbersToRead)
{
next = keyboard.nextInt();
if (next < 0)
Make this the last loop iteration.
else
sum = sum + next;
}

Completing the conversion of this loop to working Java code is straightforward.
We can translate the phrase Make this the last loop iteration by observing that the
loop ends when the boolean variable thereAreMoreNumbersToRead JT GBMTF 4P
the way to end the loop is to set thereAreMoreNumbersToRead equal to false.
Thus, Make this the last loop iteration will translate into
thereAreMoreNumbersToRead = false;

All that is left to do is to determine the initial value for
thereAreMoreNumbersToRead. We know that even if the list of numbers is
Using a boolean
variable for loop
control

empty, we will have at least the sentinel value to read. Therefore, we know
UIBUUIFMPPQCPEZNVTUCFJUFSBUFEBUMFBTUPODF4PUPHFUUIFMPPQTUBSUFE 
thereAreMoreNumbersToRead must be true, meaning that we must initialize it
to true. Thus, we get the following code:
int next, sum = 0;
boolean thereAreMoreNumbersToRead = true;
while (thereAreMoreNumbersToRead)
{
next = keyboard.nextInt();
if (next < 0)
thereAreMoreNumbersToRead = false;
else
sum = sum + next;
}

When the loop ends, the variable sum contains the sum of the numbers on the
input list, not including the sentinel value.
5IF MPPQ JT SFBEZ UP VTF JO B QSPHSBN 4JODF UIF WBSJBCMF OBNF
thereAreMoreNumbersToRead is a bit long, we shorten it to areMore and
produce the program shown in Listing 4.6.
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LISTING 4.6 Using a Boolean Variable to End a Loop
import java.util.Scanner;
/**
Illustrates the use of a boolean variable to end loop iteration.
*/
public class BooleanDemo
{
public static void main(String[] args)
{
System.out.println("Enter nonnegative numbers.");
System.out.println("Place a negative number at the end");
System.out.println("to serve as an end marker.");
int sum = 0;
boolean areMore = true;
Scanner keyboard = new Scanner(System.in);
while (areMore)
{
int next = keyboard.nextInt();
if (next < 0)
areMore = false;
else
sum = sum + next;
}
System.out.println("The sum of the numbers is " + sum);
}
}

Sample Screen Output
Enter nonnegative numbers.
Place a negative number at the end
to serve as an end marker.
1 2 3 -1
The sum of the numbers is 6

PROGRAMMING EXAMPLE

Spending Spree

*NBHJOFUIBUZPVIBWFXPOBHJGUDFSUJGJDBUFJOBDPOUFTU:PVNVTUTQFOE
the money in a particular store, but you can buy at most only three items.
The store’s computer tracks the amount of money you have left to spend as
well as the number of items you have bought. Each time you choose an item,
the computer will tell you whether you can buy it. Although we have chosen
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small numbers for our example, we want to write a program for the computer
so that both the dollar amount available and the number of items you can
buy are easily changed.
Clearly, we have a repetitive process here. You will continue buying as
long as you have enough money and have bought fewer than three items. Our
loop control will be based on these two criteria. We can reflect this situation
in the following pseudocode, which is likely not our first draft:
Algorithm for the store’s computer program

1.
2.
3.
4.

amountRemaining = amount of gift certificate
totalSpent = 0
itemNumber = 1
while (we have money left to spend and (itemNumber <=max number
of items))
{
Display amount of money left and number of items that can
be bought.
Read cost of proposed purchase.
if (we can afford the purchase)
{
Display a message.
totalSpent = totalSpent + cost of item
Update amountRemaining
if (amountRemaining > 0)
{
Display amount of money left.
itemNumber++
}
else
{
Display a message (no more money).
Make this the last loop iteration.
}
}
else
Display a message (item is too expensive).
}
Display amount of money spent and farewell message.

We want to focus on how we will implement the criteria for ending the
loop. Just as in the previous case study, we will use a boolean variable to
indicate whether we have money left to spend. We can name this variable
haveMoney #FGPSF UIF MPPQ  XF DBO NBLF UIJT WBSJBCMF USVF  BOE XIFO XF
are ready to exit the loop, we can change the value of haveMoney to false.

4.2 Programming With Loops

-JTUJOHTIPXTPVSDPNQMFUFEQSPHSBNBOETPNFTBNQMFPVUQVU/PUJDF
our use of named constants for both the amount of the gift certificate—our
spending money—and the maximum number of items we can purchase. For
simplicity, we assume that all our dollar amounts are integers.
The next section uses a break TUBUFNFOU UP FYJU UIJT MPPQ %PJOH TP JT
typically an inferior technique.
LISTING 4.7 Spending Spree Program (part 1 of 2)
import java.util.Scanner;
public class SpendingSpree
{
public static final int SPENDING_MONEY = 100;
public static final int MAX_ITEMS = 3;
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
boolean haveMoney = true;
int leftToSpend = SPENDING_MONEY;
int totalSpent = 0;
int itemNumber = 1;
while (haveMoney && (itemNumber <= MAX_ITEMS))
{
System.out.println("You may buy up to " +
(MAX_ITEMS - itemNumber + 1) +
" items");
System.out.println("costing no more than $" +
leftToSpend + ".");
System.out.print("Enter cost of item #" +
itemNumber + ": $");
int itemCost = keyboard.nextInt();
if (itemCost <= leftToSpend)
{
System.out.println("You may buy this item. ");
totalSpent = totalSpent + itemCost;
System.out.println("You spent $" + totalSpent +
" so far.");
leftToSpend = SPENDING_MONEY - totalSpent;
if (leftToSpend > 0)
itemNumber++;
else
{
System.out.println("You are out of money.");
haveMoney = false;
}
}

(continued)
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LISTING 4.7 Spending Spree Program (part 2 of 2)
else
System.out.println("You cannot buy that item.");
}
System.out.println("You spent $" + totalSpent +
", and are done shopping.");
}
}

Sample Screen Output
You may buy up to 3 items
costing no more than $100.
Enter cost of item #1: $80
You may buy this item.
You spent $80 so far.
You may buy up to 2 items
costing no more than $20.
Enter cost of item #2: $20
You may buy this item.
You spent $100 so far.
You are out of money.
You spent $100, and are done shopping.

The break Statement and continue Statement in Loops
(Optional)
As we have presented loops so far, the while, do-while, and for statements
always exit when their controlling boolean expression—Boolean_Expression—
becomes false. For the previous program in Listing 4.7, this controlling
expression involves the boolean variable haveMoney 4P XIFO haveMoney
becomes false, the controlling expression is false and the loop ends.
*OBEEJUJPO BMPPQDBOFYJUXIFOJUFODPVOUFSTB break statement. When
a break statement executes, the immediately enclosing loop ends, and the
remainder of the loop body does not execute. Java allows a break statement to
be used within a while loop, a do-while loop, or a for loop. This is the same
break statement that we used earlier in switch statements.
The boolean variable haveMoney occurs three times in the program in Listing
*GXFPNJUUFEJUTVTFJOUIFGJSTUUXPPDDVSSFODFTBOESFQMBDFEUIFTUBUFNFOU
haveMoney = false;

4.2 Programming With Loops
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with
break;

the loop in the resulting program would have the form shown in Listing 4.8.
When leftToSpend is no longer positive, the println method executes,
followed by the break statement, which ends the iteration. The next statement
to execute would be the one after the body of the while statement.
*GUIFMPPQDPOUBJOJOHBbreak statement is within a larger loop, the break
TUBUFNFOU FOET POMZ UIF JOOFSNPTU MPPQ 4JNJMBSMZ  JG UIF break statement
is within a switch statement that is inside a loop, the break statement ends
the switch statement but not the loop. The break statement ends only the
innermost loop or switch statement that contains the break statement.
A loop without a breakTUBUFNFOUIBTBTJNQMF FBTZUPVOEFSTUBOETUSVDUVSF
One boolean expression is tested to decide whether to end the loop. When
you add a break statement, the loop might end because either the controlling
boolean expression is false or a break statement executes. Thus, using a break
statement within a loop can make the loop more difficult to understand.
For example, the loop in Listing 4.8 begins with
while (itemNumber <= MAX_ITEMS)

The loop appears to have only one condition that causes it to end. To realize
that another condition exists, you need to study the body of the loop to
discover the breakTUBUFNFOU*ODPOUSBTU UIFMPPQJO-JTUJOHCFHJOTXJUI
while (haveMoney && (itemNumber <= MAX_ITEMS))

LISTING 4.8 Ending a Loop with a break Statement
while (itemNumber <= MAX_ITEMS)
{
. . .
if (itemCost <= leftToSpend)
{
. . .
if (leftToSpend > 0)
itemNumber++;
else
{
System.out.println("You are out of money.");
break;
}
}
else
. . .
}
System.out.println( . . . );

A break
statement within
a loop ends its
iteration
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A continue
statement within
a loop ends the
current iteration

You quickly can see that the loop ends when you either run out of money or
exceed the maximum number of items.
A continue statement within the body of a loop ends its current iteration
BOECFHJOTUIFOFYUPOF6TJOHBcontinue statement in this way has the same
problems as using a break statement. The continue statement, like the break
statement, can and should be avoided in a loop.

■ PROGRAMMING TIP

Avoid the break and continue
Statements in Loops

#FDBVTFPGUIFDPNQMJDBUJPOTUIFZJOUSPEVDF  break statements and continue
statements within loops should be avoided. Any loop that includes either of
these statements can be written without one.
■

S E L F -TE S T QU ESTI ONS
14. Write a Java loop that will display the phrase One more time four times.
Also give any declarations or initializing statements that are needed.
15. Write a Java loop that will set the variable result equal to 25*OJUJBMJ[F
the value of result to 1 and then multiply it by 2 for each of five loop
iterations. Also give any declarations or initializing statements that are
needed.
16. Write a Java loop that will read a list of numbers of type double and then
display their average. The numbers are all greater than or equal to 1.0. The
input data ends with a sentinel value, which you must specify. Also give
any declarations or initializing statements that are needed.
17. What output is produced by the following code?
for (int n = 1; n <= 3; n++)
{
switch (n)
{
case 1:
System.out.println("One");
break;
case 2:
System.out.println("Two");
break;
case 3:
System.out.println("Three");
break;

4.2 Programming With Loops
default:
System.out.println("Default case");
break;
}
}
System.out.println("After the loop");

18. What output is produced by the following code?
for (int n = 1; n <= 5; n++)
{
if (n == 3)
break;
System.out.println("Hello");
}
System.out.println("After the loop");

19. What output is produced by the following code?
for (int n = 1; n <= 5; n++)
{
if (n == 3)
System.exit(0);
System.out.println("Hello");
}
System.out.println("After the loop");

20. Revise the loop shown in Listing 4.6 to use a break statement instead of
the boolean variable areMore. Comment on how your loop compares
with the original one.

Loop Bugs
Programs containing loops are more likely to have mistakes than the simpler
programs you saw before you started using loops. Fortunately, the kinds of
mistakes you are most likely to make when writing a loop form a pattern, so
we can tell you what to look for. Moreover, some standard techniques will
help you locate and fix bugs in your loops.
The two most common kinds of loop errors are
t 6OJOUFOEFEJOGJOJUFMPPQT
t 0GGCZPOFFSSPST
Let’s consider them in order.
We have already discussed infinite loops, but we need to emphasize one
subtlety about them. A loop might terminate for some input data values but
SFQFBUJOGJOJUFMZGPSPUIFSWBMVFT-FUTDPOTJEFSBOFYBNQMF4VQQPTFBGSJFOET
checking account is overdrawn. The bank charges a penalty each month that
the balance is negative. Our friend wants a program that will tell him how

Two common
loop bugs
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long it will take to get a nonnegative account balance if he deposits a fixed
amount each month. We design the following code:

Certain data can
cause an infinite
loop

Code should try
to guard against
user error

count = 0;
while (balance < 0)
{
balance = balance − penalty;
balance = balance + deposit;
count++;
}
System.out.println("You will have a nonnegative " +
"balance in " + count + " months.");

We place this code in a complete program and test it using some reasonable
EBUB MJLFGPSUIFQFOBMUZBOEGPSUIFTJ[FPGUIFEFQPTJU5IFQSPHSBN
SVOTGJOF4PXFHJWFJUUPPVSGSJFOE XIPSVOTJUBOEGJOETUIBUJUHPFTJOUP
an infinite loop. What happened? Our friend obviously does not have a head
GPSOVNCFSTBOEIBTEFDJEFEUPNBLFTNBMMEFQPTJUTPGPOMZQFSNPOUI
#VUUIFCBOLDIBSHFTBQFOBMUZPGQFSNPOUIXIFOBOBDDPVOUCBMBODFJT
OFHBUJWF4PUIFBDDPVOUCFDPNFTNPSFPWFSESBXOFWFSZNPOUI FWFOUIPVHI
your friend makes deposits.
This situation might seem impossible. Our friend would not make such
BTUVQJENJTUBLF%POUDPVOUPOJU*UDBOIBQQFOFWFOJGPVSGSJFOEJTOPU
stupid. People are sometimes careless and often unpredictable. One way to
fix this bug is to add code that will test to see whether the loop is infinite. For
example, we might change the code to the following:
if (deposit <= penalty)
System.out.println("Deposit is too small.");
else
{
count = 0;
while (balance < 0)
{
balance = balance − penalty;
balance = balance + deposit;
count++;
}
System.out.println("You will have a nonnegative " +
"balance in " + count + " months.");
}

Off-by-one errors
are caused by an
incorrect boolean
expression

The other common kind of loop bug is an off-by-one error. This error
causes your loop to repeat its body either one too many times or one too few
times. These sorts of errors can result from a careless design of a controlling
boolean expression. For example, if we use < in the controlling boolean
expression when we should use <=, our loop could easily repeat the body the
wrong number of times.

4.2 Programming With Loops

Another common problem with the controlling boolean expression of a
loop has to do with the use of == to test for equality. This equality operator
XPSLTTBUJTGBDUPSJMZGPSJOUFHFSTBOEDIBSBDUFST CVUJUJTOPUSFMJBCMFGPSGMPBUJOH
point numbers because they are approximate quantities; == tests for exact
FRVBMJUZ5IFSFTVMUPGTVDIBUFTUJTVOQSFEJDUBCMF8IFODPNQBSJOHGMPBUJOH
QPJOUOVNCFST BMXBZTVTFTPNFUIJOHJOWPMWJOHMFTTUIBOPSHSFBUFSUIBO TVDI
BT6TJOHPSUPDPNQBSFGMPBUJOHQPJOUOVNCFSTDBOQSPEVDFBOPGG
CZPOFFSSPS BOVOJOUFOEFEJOGJOJUFMPPQ PSFWFOTPNFPUIFSUZQFPGFSSPS
0GGCZPOFFSSPSTDBOFBTJMZHPVOOPUJDFE*GBMPPQJUFSBUFTPOFUPPNBOZ
times—or one too few times—the results might still look reasonable but be
PGGCZFOPVHIUPDBVTFUSPVCMFMBUFSPO"MXBZTNBLFBTQFDJGJDDIFDLGPSPGG
CZPOFFSSPSTCZDPNQBSJOHZPVSMPPQSFTVMUTUPSFTVMUTZPVLOPXUPCFUSVF
CZTPNFPUIFSNFBOT TVDIBTBQFODJMBOEQBQFSDBMDVMBUJPOPGBTJNQMFDBTF

■ PROGRAMMING TIP
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Do not compare
floating-point
values using ==
or !=

Off-by-one
errors might be
unnoticed.

Always Retest

Whenever you find a bug in a program and “fix” it, always retest the program.
Yet another bug might be waiting, or your “fix” may have introduced a
new bug. The process of retesting a modified program is called regression
testing.
■

Tracing Variables
*G ZPVS QSPHSBN NJTCFIBWFT CVU ZPV DBOOPU TFF XIBU JT XSPOH  ZPVS CFTU
bet is to trace some key variables. Tracing variables means watching the
variables change value while the program is running. A program typically does
not display the value of a variable every time it changes, but seeing how the
variables change can help you debug your program.
.BOZ TZTUFNT IBWF B CVJMUJO VUJMJUZ UIBU MFUT ZPV FBTJMZ USBDF WBSJBCMFT
without making any changes to your program. These debugging systems
WBSZGSPNPOFJOTUBMMBUJPOUPBOPUIFS*GZPVIBWFTVDIBEFCVHHJOHGBDJMJUZ 
MFBSOJOH IPX UP VTF JU JT XPSUIXIJMF *G ZPV EP OPU IBWF TVDI B EFCVHHJOH
facility, you can trace variables simply by inserting some extra, temporary
println statements in your program.
For example, suppose you want to trace the variables in the following
code, which contains an error:
count = 0;
while (balance < 0)
{
balance = balance + penalty;
balance = balance - deposit;
count++;
}
System.out.println("Nonnegative balance in " + count +
" months.");

Trace variables
as their values
change during
execution
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You can trace the variables by adding println statements, as follows:
count = 0;
System.out.println("count == " + count);
//*
System.out.println("balance == " + balance);
//*
System.out.println("penalty == " + penalty);
//*
System.out.println("deposit == " + deposit);
//*
while (balance < 0)
{
balance = balance + penalty;
System.out.println("balance + penalty == " + balance);//*
balance = balance − deposit;
System.out.println("balance − deposit == " + balance);//*
count++;
System.out.println("count == " + count);
//*
}
System.out.println("Nonnegative balance in " + count +
" months.");

VideoNote
Debugging a loop

After you have discovered the error and fixed the bugs in the code, you
can remove the trace statements. Tagging these statements with a distinctive
comment, as we have done here, will facilitate locating them.
*OTFSUJOH BMM UIF USBDF TUBUFNFOUT JO UIF QSFDFEJOH FYBNQMF NJHIU TFFN
MJLF B MPU PG CPUIFS  CVU JU JT OPU TP WFSZ NVDI XPSL *G ZPV XJTI  ZPV DBO
first try tracing only some of the variables to see if that gives you enough
information to find the problem. However, it is usually fastest to just trace all,
or almost all, of the variables right from the start.

■ PROGRAMMING TIP

Use a DEBUG Flag When Tracing
Variables

4PNFUJNFT XIJMF EFCVHHJOH B QSPHSBN  ZPV XBOU UP UFNQPSBSJMZ TLJQ BOZ
statements you have added to trace the values of certain variables. You can
conveniently do this by defining a boolean constant DEBUG, as follows:
public static final boolean DEBUG = true;
. . .
if (DEBUG)
{
<Statements that display the values of certain variables>
}

*O UIJT FYBNQMF  UIF TUBUFNFOUT XJUIJO UIF CPEZ PG UIF if statement will
execute. Later, if you wish to skip them, you can change the value of DEBUG to
false.
■
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Assertion Checks
An assertion is a statement that says something about the state of your
program. An assertion can be either true or false but should be true if there are
no mistakes in your program. For example, all the comments in the following
code are assertions:
//n == 1
while (n < limit)
{
n = 2 * n;
}
//n >= limit
//n is the smallest power of 2 >= limit

An assertion
states a truth if a
program’s logic is
correct

/PUFUIBUXIJMFFBDIPGUIFTFBTTFSUJPOTDBOCFFJUIFSUSVFPSGBMTF EFQFOEJOH
on the values of n and limit, they all should be true if the program is
performing correctly. An assertion “asserts” that something is true about your
program code when program execution reaches the location of the assertion.
Although our example involves a loop, you can write assertions for other
situations as well.
*O +BWB  ZPV DBO BDUVBMMZ DIFDL UP TFF XIFUIFS BO BTTFSUJPO JT USVF BOE 
if it is not true, you can stop the program and display an error message. An
assertion check in Java has the following form:
assert Boolean_Expression;

*GZPVSVOZPVSQSPHSBNJOBDFSUBJOXBZ BOEJGBoolean_Expression is false, the
program ends after displaying an error message saying that an assertion failed.
However, if Boolean_Expression is true, nothing special happens and execution
continues.
For example, the previous code can be written as follows, with two of the
comments replaced by assertion checks:
assert n == 1;
while (n < limit)
{
n = 2 * n;
}
assert n >= limit;
//n is the smallest power of 2 >= limit.

/PUF UIBU XF USBOTMBUFE POMZ UXP PG UIF UISFF DPNNFOUT JOUP BTTFSUJPO
DIFDLT /PU BMM BTTFSUJPO DPNNFOUT MFOE UIFNTFMWFT UP CFDPNJOH BTTFSUJPO
DIFDLT 'PS FYBNQMF  UIF GJOBM DPNNFOU JT BO BTTFSUJPO *U JT FJUIFS USVF PS
false, and if the program code is correct, it will be true. However, there is no
TJNQMFXBZUPDPOWFSUUIJTMBTUDPNNFOUJOUPBCPPMFBOFYQSFTTJPO%PJOHTP
would not be impossible, but you would need to use code that would itself
be more complicated than what you would be checking. Your decision as to

An assert
statement checks
an assertion
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Assertion
checking can be
on or off

whether to translate a comment into an assertion check will depend on the
details of the particular case.
You can turn assertion checking on and off. You can turn it on when
debugging code so that a failed assertion will stop your program and display
an error message. Once your code is debugged, you can turn assertion
checking off so that the assertion checks are ignored, making your code run
more efficiently. Thus, you can leave the assertion checks in your program but
ignore them after your program is debugged.
The normal way of running a program has assertion checking turned off.
To run your program with assertion checking turned on, use the following
command:
java -enableassertions YourProgram

*G ZPV BSF VTJOH BO JOUFHSBUFE EFWFMPQNFOU FOWJSPONFOU *%&  DIFDL JUT
documentation for a way to set options for assertion checking.

RECAP Assertion Checking
SYNTAX
Assert Boolean_Expression;

You can place an assertion check anywhere in your code. If assertion
checking is turned on and Boolean_Expression is false, your program
will display a suitable error message and end execution. If assertion
checking is not turned on, the assertion check is treated as a comment.
EXAMPLE
assert n >= limit;

S E L F -TE S T QU ESTI ONS
21. What is the bug in the code in the section “Tracing Variables”?
22. Add some suitable output statements to the following code, so that all
variables are traced:
int sum = 0;
for (int n = 1; n < 10; n++)
sum = sum + n;
System.out.println("1 + 2 + ... + 9 + 10 == " + sum);

4.3 Graphics Supplement

23. What is the bug in the code in the previous question?
24. What is an assertion? Give some examples of assertions.
 4VQQPTFUIBUZPVEJEOPUIBWFBTTFSUJPODIFDLJOHJO+BWB &BSMJFSWFSTJPOT
of Java did not.) Write some code to simulate the following assertion
check, where balance is a variable of type double:
assert balance > 0;

4.3 GRAPHICS SUPPLEMENT
Life is like an ever-shifting kaleidoscope—a slight change, and all patterns
alter.
—SHARON SALZBERG

*OUIJTTFDUJPOXFDSFBUFBOBQQMFUUIBUVTFTBMPPQUPQSPEVDFJUTESBXJOH5IF
applet will also use an if statement and the method setColor, both of which
BSFEFTDSJCFEJOUIFQSFWJPVTDIBQUFS*OBEEJUJPO XFJOUSPEVDFUIFNFUIPE
drawString and use it to write text in the applet’s window.

PROGRAMMING EXAMPLE

A Multiface Applet

Listing 4.9 contains an applet that displays a sequence of seven faces. The
first five faces alternate in color between yellow and white, and each has a
bit more of a smile than the one before. The sixth face is throwing a kiss to
the user, and the seventh face is blushing (presumably because it is shy about
LJTTJOH 5IJOLPGUIFTFWFOGBDFTBTBOBOJNBUJPOPSBTFRVFODFPGUJNFMBQTF
snapshots. (There is no reason for the faces to alternate between yellow and
white, except to make the program more interesting.)
The first five faces are the same except for minor variations, and so they
are drawn within a for loop whose loop control variable is i. The body of
the for loop draws a face, with changes given in terms of i. For each value
of i, a face is drawn at the point (X_FACE0 + 50 * i, Y_FACE0 + 30 * i).
4P XIFO i is zero, the first face is drawn at the point (X_FACE0, Y_FACE0).
For each successive value of i, another face is drawn 50 pixels further to
the right and 30 pixels lower on the screen. X_FACE0 and Y_FACE0 are
OBNFEDPOTUBOUT*OTUFBEPGDPNQVUJOH 50 * i and 30 * i over and over,
we compute them once and store them in the variables xOffset and yOffset,
respectively.
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LISTING 4.9 An Applet That Uses Looping and
Branching (part 1 of 4)
import javax.swing.JApplet;
import java.awt.Graphics;
import java.awt.Color;
public class MultipleFaces extends JApplet
{
public static final int FACE_DIAMETER = 50;
public static final int X_FACE0 = 10;
public static final int Y_FACE0 = 5;
public
public
public
public
public
public

static
static
static
static
static
static

final
final
final
final
final
final

int
int
int
int
int
int

EYE_WIDTH = 5;
EYE_HEIGHT = 10;
X_RIGHT_EYE0 = 20;
Y_RIGHT_EYE0 = 15;
X_LEFT_EYE0 = 45;
Y_LEFT_EYE0 = Y_RIGHT_EYE0;

public static final int NOSE_DIAMETER = 5;
public static final int X_NOSE0 = 32;
public static final int Y_NOSE0 = 25;
public
public
public
public
public
public

static
static
static
static
static
static

final
final
final
final
final
final

int
int
int
int
int
int

MOUTH_WIDTH = 30;
MOUTH_HEIGHT0 = 0;
X_MOUTH0 = 20;
Y_MOUTH0 = 35;
MOUTH_START_ANGLE = 180;
MOUTH_EXTENT_ANGLE = 180;

public void paint(Graphics canvas)
{
int i, xOffset, yOffset; //Want i to exist after the loop ends
for (i = 0; i <= 4; i++)
{
//Draw one face:
xOffset = 50 * i;
yOffset = 30 * i;
//Draw face circle:
if (i % 2 == 0) //if i is even
{

//Make face light gray
canvas.setColor(Color.LIGHT_GRAY);
canvas.fillOval(X_FACE0 + xOffset, Y_FACE0 + 30 * i,
FACE_DIAMETER, FACE_DIAMETER);

}
canvas.setColor(Color.BLACK);
canvas.drawOval(X_FACE0 + xOffset, Y_FACE0 + yOffset,
FACE_DIAMETER, FACE_DIAMETER);

(continued)

4.3 Graphics Supplement

LISTING 4.9 An Applet That Uses Looping and
Branching (part 2 of 4)
//Draw eyes:
canvas.setColor(Color.BLUE);
canvas.fillOval(X_RIGHT_EYE0 + xOffset, Y_RIGHT_EYE0 +
yOffset, EYE_WIDTH, EYE_HEIGHT);
canvas.fillOval(X_LEFT_EYE0 + xOffset, Y_LEFT_EYE0 +
yOffset, EYE_WIDTH, EYE_HEIGHT);
//Draw nose:
canvas.setColor(Color.BLACK);
canvas.fillOval(X_NOSE0 + xOffset, Y_NOSE0 + yOffset,
NOSE_DIAMETER, NOSE_DIAMETER);
//Draw mouth:
canvas.setColor(Color.RED);
canvas.drawArc(X_MOUTH0 + xOffset, Y_MOUTH0 + yOffset,
MOUTH_WIDTH, MOUTH_HEIGHT0 + 3 * i,
MOUTH_START_ANGLE, MOUTH_EXTENT_ANGLE);
}
//i is 5 when the previous loop ends
xOffset = 50 * i;
yOffset = 30 * i;

After the last iteration of the loop
body, the value of i is incremented
one last time to become 5.

//Draw kissing face:
//Draw face outline:
canvas.setColor(Color.BLACK);
canvas.drawOval(X_FACE0 + xOffset, Y_FACE0 + yOffset,
FACE_DIAMETER, FACE_DIAMETER);
//Draw eyes:
canvas.setColor(Color.BLUE);
canvas.fillOval(X_RIGHT_EYE0 + xOffset, Y_RIGHT_EYE0 + yOffset,
EYE_WIDTH, EYE_HEIGHT);
canvas.fillOval(X_LEFT_EYE0 + xOffset, Y_LEFT_EYE0 + yOffset,
EYE_WIDTH, EYE_HEIGHT);
//Draw nose:
canvas.setColor(Color.BLACK);
canvas.fillOval(X_NOSE0 + xOffset, Y_NOSE0 + yOffset,
NOSE_DIAMETER, NOSE_DIAMETER);
//Draw mouth in shape of a kiss:
canvas.setColor(Color.RED);
canvas.fillOval(X_MOUTH0 + xOffset + 10, Y_MOUTH0 + yOffset,
MOUTH_WIDTH - 20, MOUTH_WIDTH - 20);

(continued)

243

244

CHAPTER 4 / Flow of Control: Loops

LISTING 4.9 An Applet That Uses Looping and
Branching (part 3 of 4)
//Add text:
canvas.drawString("Kiss, Kiss.",
X_FACE0 + xOffset + FACE_DIAMETER, Y_FACE0 + yOffset);
//Draw blushing face:
i++;
xOffset = 50 * i;
yOffset = 30 * i;
//Draw face circle:
canvas.setColor(Color.GRAY);
canvas.fillOval(X_FACE0 + xOffset, Y_FACE0 + yOffset,
FACE_DIAMETER, FACE_DIAMETER);
canvas.setColor(Color.BLACK);
canvas.drawOval(X_FACE0 + xOffset, Y_FACE0 + yOffset,
FACE_DIAMETER, FACE_DIAMETER);
//Draw eyes:
canvas.setColor(Color.BLACK);
canvas.fillOval(X_RIGHT_EYE0 + xOffset, Y_RIGHT_EYE0 +
yOffset, EYE_WIDTH, EYE_HEIGHT);
canvas.fillOval(X_LEFT_EYE0 + xOffset, Y_LEFT_EYE0 + yOffset,
EYE_WIDTH, EYE_HEIGHT);
//Draw nose:
canvas.setColor(Color.BLACK);
canvas.fillOval(X_NOSE0 + xOffset, Y_NOSE0 + yOffset,
NOSE_DIAMETER, NOSE_DIAMETER);
//Draw mouth:
canvas.setColor(Color.BLACK);
canvas.drawArc(X_MOUTH0 + xOffset, Y_MOUTH0 + yOffset,
MOUTH_WIDTH, MOUTH_HEIGHT0 + 3 * (i - 2),
MOUTH_START_ANGLE, MOUTH_EXTENT_ANGLE);
//Add text:
canvas.drawString("Tee Hee.",
X_FACE0 + xOffset + FACE_DIAMETER, Y_FACE0 + yOffset);
}
}

(continued)
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LISTING 4.9 An Applet That Uses Looping and
Branching (part 4 of 4)
Applet Output

The following code adds the color yellow to the face whenever i is an
even number:
if (i % 2 == 0) //if i is even
{
//Make face yellow
canvas.setColor(Color.YELLOW);
canvas.fillOval(X_FACE0 + xOffset, Y_FACE0 + yOffset,
FACE_DIAMETER, FACE_DIAMETER);
}

After this, the black outline of the circle is drawn by the statements
canvas.setColor(Color.BLACK);
canvas.drawOval(X_FACE0 + xOffset, Y_FACE0 + yOffset,
FACE_DIAMETER, FACE_DIAMETER);

Each yellow face has its interior drawn before the black outline of the circle so
that the black outline shows on top of the filled circle.
The next few lines of the loop body draw the eyes and nose, which are the
same for each face. The mouth is drawn by the following statements at the end
of the loop body:
//Draw mouth:
canvas.setColor(Color.RED);
canvas.drawArc(X_MOUTH0 + xOffset, Y_MOUTH0 + yOffset,
MOUTH_WIDTH, MOUTH_HEIGHT0 + 3 * i,
MOUTH_START_ANGLE, MOUTH_EXTENT_ANGLE);

Each mouth is drawn in the same way but differs a little for each value of i. The
height of each mouth increases by 3 pixels as i is increased by 1. The height of

Draw a yellow
face, then its
black outline
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the first mouth, when i is zero, is MOUTH_HEIGHT0, which is a named constant
set to zero. Thus, the first mouth is straight across with no curve. The second
mouth, when i is 1, is 3 pixels in height, so its curve is more pronounced to
look more like a smile. The smile continues to grow for the first five faces.
The last two faces are given by code that comes after the loop body.
However, the code for each of these two faces is just a minor variation on the
MPPQCPEZ*OQBSUJDVMBS UIFMBTUUXPGBDFTBSFQPTJUJPOFEJOUFSNTPGi, like the
faces produced by the for loop. Just before the for loop ends, the value of i is
increased by 1, so the next face is positioned correctly in the sequence. Then,
before the last face is drawn, i is incremented again, and so the last face is also
correctly positioned in the sequence of faces.
5IFNPVUIPGUIFOFYUUPMBTUGBDFJTESBXOBTBSFEGJMMFEDJSDMFUPNBLF
it appear to be in a kissing position. The last face is pink and has a full smile.
The full smile is the same as the smile drawn for the fifth face, when i was
FRVBMUP4JODFi is now 6, we use a mouth height of i-2 for the last face.
The last two faces are labeled with some text by calls to the method
drawString, which is explained in the next section.

The drawString Method
The method drawString is similar to the methods for drawing ovals, but
drawString displays text rather than a drawing. For example, the following
writes the word Hello starting at the point (10, 20):
canvas.drawString("Hello", 10, 20);

The invocation
//Add text:
canvas.drawString("Kiss, Kiss.",
X_FACE0 + xOffset + FACE_DIAMETER, Y_FACE0 + yOffset);

from Listing 4.9 writes the phrase Kiss, Kiss starting at the point whose x
and yDPPSEJOBUFTBSF X_FACE0 + xOffset + FACE_DIAMETER and Y_FACE0 +
yOffset, respectively.
RECAP The drawString Method
SYNTAX
canvas.drawString(String, X, Y );

The method drawString writes the text given by the argument String
within the applet’s window at the point (X, Y ).
EXAMPLE
canvas.drawString("Hello", 10, 20);
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S E L F-TE S T QU E S TIO N
26. Write a loop that can be used in a Java applet to draw the following row of
identical circles:

CHAPTER SUMMARY
■

A loop is a programming construct that repeats an action some number of
times. The part that is repeated is called the body of the loop. Every repeti
tion of the loop body is called a loop iteration.

■

Java has three kinds of loop statements: the while statement, the do-while
statement, and the for statement.

■

#PUIUIF while statement and the do-while statement repeat the body of
the loop while a boolean expression is true. The do-while statement ex
ecutes its body at least once, but the while statement might not execute its
body at all.

■

The logic of a for statement is identical to that of a whileMPPQ*UTJOJ
tialization, test, and update steps are given together, rather than dispersed
throughout the loop. The for statement often is used for loops controlled
by a counter.

■

The for-each statement is a variation of the for statement that iterates
through all the elements in a collection of data such as an enumeration.

■

One way to end an input loop is to place a sentinel value at the end of the
data and have the loop check for the sentinel value.

■

A variable of type boolean can be used to control a loop statement.

■

The most common kinds of loop bugs are unintended infinite loops and
PGGCZPOFFSSPST

■

Tracing a variable means to display its value at selected places in the pro
gram. Tracing can be done using special debugging utilities or by inserting
temporary output statements.

■

An assertion is a statement—made at a certain point within a method—of
what should be true if the method is correct. Java provides an assertion check
to test whether an assertion is actually true.

■

You can display text in an applet drawing by using the method drawString.
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Exercises
1. Write a fragment of code that will read words from the keyboard until the
word done is entered. For each word except done, report whether its first
character is equal to its last character. For the required loop, use a
a. while statement
b. do-while statement
  %FWFMPQBOBMHPSJUINGPSDPNQVUJOHUIFNPOUICZNPOUICBMBODFJO
your savings account. You can make one transaction—a deposit or a
XJUIESBXBMFBDINPOUI*OUFSFTUJTBEEFEUPUIFBDDPVOUBUUIFCFHJO
ning of each month. The monthly interest rate is the yearly percentage
rate divided by 12.
  %FWFMPQBOBMHPSJUINGPSBTJNQMFHBNFPGHVFTTJOHBUBTFDSFUGJWFEJHJU
code. When the user enters a guess at the code, the program returns two
values: the number of digits in the guess that are in the correct position
and the sum of those digits. For example, if the secret code is 53840, and
the user guesses 83241, the digits 3 and 4 are in the correct position. Thus,
the program should respond with 2 and 7. Allow the user to guess a fixed
number of times.
4. Write a fragment of code that will compute the sum of the first n positive
odd integers. For example, if n is 5, you should compute 1 +3 + 5 +7 + 9.
5. Convert the following code so that it uses nested while statements instead
of for statements:
int s = 0;
int t = 1;
for (int i = 0; i < 10; i++)
{
s = s + i;
for (int j = i; j > 0; j−−)
{
t = t * (j - i);
}
s = s * t;
System.out.println("T is " + t);
}
System.out.println("S is " + s);

6. Write a for statement to compute the sum 1 + 22 + 32 + 42 + 52 + ... + n2.
7. (Optional) Repeat the previous question, but use the comma operator and
omit the for statement’s body.
8. Write a loop that will count the number of blank characters in a given string.
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9. Write a loop that will create a new string that is the reverse of a given string.
10. Write a program that will compute statistics for eight coin tosses. The user
will enter either an h for heads or a t for tails for the eight tosses. The
program will then display the total number and percentages of heads and
UBJMT6TFUIFJODSFNFOUPQFSBUPSUPDPVOUFBDIh and t that is entered. For
example, a possible sample dialogue between the program and the user
might be
For each coin toss enter either h for heads or t for tails.
First toss: h
Second toss: t
Third toss: t
Fourth toss: h
Fifth toss: t
Sixth toss: h
Seventh toss: t
Eighth toss: t
Number of heads: 3
Number of tails: 5
Percent heads: 37.5
Percent tails: 62.5

 4VQQPTFXFBUUFOEBQBSUZ5PCFTPDJBCMF XFXJMMTIBLFIBOETXJUIFWFSZ
one else. Write a fragment of code using a for statement that will compute
the total number of handshakes that occur. (Hint6QPOBSSJWBM FBDIQFS
TPOTIBLFTIBOETXJUIFWFSZPOFUIBUJTBMSFBEZUIFSF6TFUIFMPPQUPGJOE
the total number of handshakes as each person arrives.)
 %FGJOFBOFOVNFSBUJPOGPSFBDIPGUIFNPOUITJOUIFZFBS6TFBfor-each
statement to display each month.
13. Write a fragment of code that computes the final score of a baseball game.
6TFBMPPQUPSFBEUIFOVNCFSPGSVOTTDPSFECZCPUIUFBNTEVSJOHFBDI
PGOJOFJOOJOHT%JTQMBZUIFGJOBMTDPSFBGUFSXBSET
 4VQQPTFUIBUZPVXPSLGPSBCFWFSBHFDPNQBOZ5IFDPNQBOZXBOUTUP
know the optimal cost for a cylindrical container that holds a specified
WPMVNF8SJUFBGSBHNFOUPGDPEFUIBUVTFTBOBTLCFGPSFJUFSBUJOHMPPQ
%VSJOHFBDIJUFSBUJPOPGUIFMPPQ ZPVSDPEFXJMMBTLUIFVTFSUPFOUFSUIF
volume and the radius of the cylinder. Compute and display the height and
DPTUPGUIFDPOUBJOFS6TFUIFGPMMPXJOHGPSNVMBT XIFSFV is the volume,
r is the radius, h is the height, and C is the cost.
V
"r2
C ! 2"r(r # h)

h!
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 4VQQPTFUIBUXFXBOUUPDPNQVUFUIFHFPNFUSJDNFBOPGBMJTUPGQPTJ
tive values. To compute the geometric mean of k values, multiply them all
together and then compute the kth root of the value. For example, the
3
$ 5 $ 76TFBMPPQXJUIBTFOUJOFM
geometric mean of 2, 5, and 7 is √2
value to allow a user to enter an arbitrary number of values. Compute and
display the geometric mean of all the values, excluding the sentinel. (Hint:
Math.pow(x, 1.0/k) will compute the kth root of x.)
 *NBHJOFBQSPHSBNUIBUDPNQSFTTFTGJMFTCZQFSDFOUBOETUPSFTUIFN
POTUPSBHFNFEJB#FGPSFUIFDPNQSFTTFEGJMFJTTUPSFE JUNVTUCFEJ
WJEFE JOUP CMPDLT PG  CZUFT FBDI %FWFMPQ BO BMHPSJUIN GPS UIJT
program that first reads the number of blocks available on the stor
age media. Then, in a loop, read the uncompressed size of a file and
determine whether the compressed file will fit in the space left on the
TUPSBHFNFEJB*GTP UIFQSPHSBNTIPVMEDPNQSFTTBOETBWFUIFGJMF*U
continues until it encounters a file that will exceed the available space
on the media.
For example, suppose the media can hold 1000 blocks. A file of size
1100 bytes will compress to size 880 and require 2 blocks. The available
space is now 998 blocks. A file of size 20,000 bytes will compress to size
16,000 and require 32 blocks. The available space is now 966.
Graphics

17. Create an applet that draws a pattern of circles whose centers are evenly
TQBDFEBMPOHBIPSJ[POUBMMJOF6TFTJYDPOTUBOUTUPDPOUSPMUIFQBUUFSO
the number of circles to draw, the diameter of the first circle, the xBOEy
coordinates of the center of the first circle, the distance between adjacent
centers, and the change in the diameter of each subsequent circle.
18. What does the following fragment of code display? What do you think the
programmer intended the code to do, and how would you fix it?
int product = 1;
int max = 20;
for (int i = 0; i <= max; i++)
product = product * i;
System.out.println("The product is " + product);

19. What does the following fragment of code display? What do you think the
programmer intended the code to do, and how would you fix it?
int
int
int
for

sum = 0;
product = 1;
max = 20;
(int i = 1; i <= max; i++)
sum = sum + i;
product = product * i;
System.out.println("The sum is " + sum +
" and the product is " + product);
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PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
1. Repeat Programming Project 4 of Chapter 3, but use a loop that reads and
processes sentences until the user says to end the program.
2. Write a program that implements your algorithm from Exercise 2.
3. Repeat Programming Project 5 of Chapter 3, but use a loop so the user can
DPOWFSUPUIFSUFNQFSBUVSFT*GUIFVTFSFOUFSTBMFUUFSPUIFSUIBOC or F—in
either uppercase or lowercase—after a temperature, print an error message
BOEBTLUIFVTFSUPSFFOUFSBWBMJETFMFDUJPO%POPUBTLUIFVTFSUPSFFOUFS
the numeric portion of the temperature again, however. After each conver
sion, ask the user to type Q or q to quit or to press any other key to repeat
the loop and perform another conversion.
4. Repeat the previous project, but use JOptionPane windows for input and
PVUQVU0GGFSUIFVTFS:FTBOE/PCVUUPOTUPFOEFYFDVUJPOJOTUFBEPGBTL
ing for character input of Q or q.JOptionPane is described in the graphics
supplements of Chapters 2 and 3.
5. Write a program to read a list of nonnegative integers and to display the larg
est integer, the smallest integer, and the average of all the integers. The user
indicates the end of the input by entering a negative sentinel value that is not
used in finding the largest, smallest, and average values. The average should
be a value of type double so that it is computed with a fractional part.
6. Write a program to read a list of exam scores given as integer percentages in the
SBOHFUP%JTQMBZUIFUPUBMOVNCFSPGHSBEFTBOEUIFOVNCFSPGHSBEFT
JOFBDIMFUUFSHSBEFDBUFHPSZBTGPMMPXTUPJTBO" UPJTB# UP
JTB$ UPJTB% BOEUPJTBO'6TFBOFHBUJWFTDPSFBTBTFOUJOFM
value to indicate the end of the input. (The negative value is used only to end
the loop, so do not use it in the calculations.) For example, if the input is
98 87 86 85 85 78 73 72 72 72 70 66 63 50 -1

the output would be
Total number of
Number of A's =
Number of B's =
Number of C's =
Number of D's =
Number of F's =

grades = 14
1
4
6
2
1

7. Combine the programs from Programming Projects 5 and 6 to read integer
exam scores in the range 0 to 100 and to display the following statistics:
Total number of scores
Total number of each letter grade

Graphics
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Percentage of total for each letter grade
Range of scores: lowest and highest
Average score
As before, enter a negative score as a sentinel value to end the data input
and display the statistics.
8. Write a program that implements your algorithm from Exercise 3.
9. For all of the following words, if you move the first letter to the end of the
word, and then spell the result backwards, you will get the original word:
banana dresser grammar potato revive uneven assess
VideoNote
Solution to Project 9

Write a program that reads a word and determines whether it has this
property. Continue reading and testing words until you encounter the
word quit. Treat uppercase letters as lowercase letters.
10. Write a program that reads a bank account balance and an interest rate and
displays the value of the account in ten years. The output should show the
value of the account for three different methods of compounding interest:
annually, monthly, and daily. When compounded annually, the interest is
added once per year at the end of the year. When compounded monthly,
the interest is added 12 times per year. When computed daily, the interest is
added 365 times per year. You do not have to worry about leap years; assume
that all years have 365 days. For annual interest, you can assume that the
JOUFSFTUJTQPTUFEFYBDUMZPOFZFBSGSPNUIFEBUFPGEFQPTJU*OPUIFSXPSET 
you do not have to worry about interest being posted on a specific day of the
ZFBS TVDIBT%FDFNCFS4JNJMBSMZ ZPVDBOBTTVNFUIBUNPOUIMZJOUFSFTU
JTQPTUFEFYBDUMZPOFNPOUIBGUFSJUJTEFQPTJUFE4JODFUIFBDDPVOUFBSOTJO
terest on the interest, it should have a higher balance when interest is posted
NPSFGSFRVFOUMZ#FTVSFUPBEKVTUUIFJOUFSFTUSBUFGPSUIFUJNFQFSJPEPGUIF
JOUFSFTU*GUIFSBUFJTQFSDFOU ZPVVTFQFSDFOUXIFOQPTUJOHNPOUIMZ
JOUFSFTUBOEQFSDFOUXIFOQPTUJOHEBJMZJOUFSFTU1FSGPSNUIJTDBMDVMB
tion using a loop that adds in the interest for each time period, that is, do not
use some sort of algebraic formula. Your program should have an outer loop
that allows the user to repeat this calculation for a new balance and interest
rate. The calculation is repeated until the user asks to end the program.
11. Modify Programming Project 10 from Chapter 2 to check the validity of
input data. Valid input is no less than 25 cents, no more than 100 cents,
and an integer multiple of 5 cents. Compute the change only if a valid price
is entered. Otherwise, print separate error messages for any of the following
invalid inputs: a price under 25 cents, a price that is not an integer multiple
of 5, and a price that is more than a dollar.

Graphics

12. Repeat either Programming Project 7 or 8 using JOptionPane, which is
described in the graphics supplements of Chapters 2 and 3.
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13. Write a program that asks the user to enter the size of a triangle (an integer
GSPNUP %JTQMBZUIFUSJBOHMFCZXSJUJOHMJOFTPGBTUFSJTLT5IFGJSTUMJOF
will have one asterisk, the next two, and so on, with each line having one
more asterisk than the previous line, up to the number entered by the user.
On the next line write one fewer asterisk and continue by decreasing the
number of asterisks by 1 for each successive line until only one asterisk is
displayed. (Hint6TFOFTUFEfor loops; the outside loop controls the num
ber of lines to write, and the inside loop controls the number of asterisks to
display on a line.) For example, if the user enters 3, the output would be
*
**
***
**
*

14. Write a program that simulates a bouncing ball by computing its height in
feet at each second as time passes on a simulated clock. At time zero, the ball
begins at height zero and has an initial velocity supplied by the user. (An
initial velocity of at least 100 feet per second is a good choice.) After each
second, change the height by adding the current velocity; then subtract 32
GSPNUIFWFMPDJUZ*GUIFOFXIFJHIUJTMFTTUIBO[FSP NVMUJQMZCPUIUIFIFJHIU
BOEUIFWFMPDJUZCZ¦UPTJNVMBUFUIFCPVODF4UPQBUUIFGJGUICPVODF5IF
output from your program should have the following form:
Enter the initial velocity of the ball: 100
Time: 0 Height: 0.0
Time: 1 Height: 100.0
Time: 2 Height: 168.0
Time: 3 Height: 204.0
Time: 4 Height: 208.0
Time: 5 Height: 180.0
Time: 6 Height: 120.0
Time: 7 Height: 28.0
Bounce!
Time: 8 Height: 48.0
. . .

15. You have three identical prizes to give away and a pool of ten finalists. The
finalists are assigned numbers from 1 to 10. Write a program to randomly
select the numbers of three finalists to receive a prize. Make sure not to
pick the same number twice. For example, picking finalists 3, 6, 2 would
be valid but picking 3, 3, 11 would be invalid because finalist number 3
is listed twice and 11 is not a valid finalist number. Random number gen
eration is discussed in Chapter 6, but for this problem you can insert the
following line of code to generate a random number between 1 and 10:
int num = (int) (Math.random() * 10) +1;
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 4VQQPTFXFDBOCVZBDIPDPMBUFCBSGSPNUIFWFOEJOHNBDIJOFGPSFBDI
*OTJEFFWFSZDIPDPMBUFCBSJTBDPVQPO8FDBOSFEFFNTJYDPVQPOTGPSPOF
chocolate bar from the machine. This means that once you have started buying
chocolate bars from the machine, you always have some coupons. We would
like to know how many chocolate bars can be eaten if we start with N dollars
and always redeem coupons if we have enough for an additional chocolate bar.
For example, with 6 dollars we could consume 7 chocolate bars after
purchasing 6 bars giving us 6 coupons and then redeeming the 6 coupons
for one bar. This would leave us with one extra coupon. For 11 dollars, we
could have consumed 13 chocolate bars and still have one coupon left.
For 12 dollars, we could have consumed 14 chocolate bars and have two
coupons left.
Write a program that inputs a value for N and outputs how many
chocolate bars we can eat and how many coupons we would have left
PWFS6TFBMPPQUIBUDPOUJOVFTUPSFEFFNDPVQPOTBTMPOHBTUIFSFBSF
enough to get at least one chocolate bar.
Graphics

Graphics

Graphics

Graphics

Graphics

 3FQFBU1SPHSBNNJOH1SPKFDU CVUXSJUFUIFQSPHSBNBTBOBQQMFU6TFB
DPOTUBOUGPSUIFJOJUJBMWFMPDJUZPGUIFCBMM%SBXBDJSDMFGPSUIFQPTJUJPOPGUIF
ball at each second. The yDPPSEJOBUFTIPVMECFQSPQPSUJPOBMUPUIFIFJHIUPG
the ball, and the xDPPSEJOBUFTIPVMEDIBOHFCZBTNBMMDPOTUBOUBNPVOU
 8SJUFB+BWBBQQMFUPSBQQMJDBUJPOUIBUESBXTBCVMMTFZFQBUUFSO5IFDFOUFS
TIPVMECFBGJMMFEJOCMVFDJSDMFXJUIBEJBNFUFSPGQJYFMT5IFDFOUFS
circle should be surrounded by five rings that alternate in color from green
to blue. Each ring should have a width of 30 pixels.
19. Create an applet or application that draws a pattern of evenly spaced circles.
6TFGPVSDPOTUBOUTUPDPOUSPMUIFQBUUFSOUIFOVNCFSPGDJSDMFTUPESBX 
the radius of the first circle, the change in the radius of each subsequent
circle, and the change in the xDPPSEJOBUFPGUIFDJSDMF$ZDMFUIFDPMPSTPG
the circles through red, green, and blue.
20. (Challenge) Repeat the previous project, but position the centers of the
circles on a spiral. The center of each circle will depend on both an angle
and a distance from the origin. A constant change in both the angle and
the distance will result in a spiral pattern.
21. Write an applet or application that displays a series of pictures of a person
XJUIBSNT MFHT BOEPGDPVSTFBIFBE6TFBIBQQZGBDFGPSUIFIFBE6TF
PWBMTGPSUIFCPEZ BSNT BOEMFHT%SBXBTFRVFODFPGGJHVSFTUIBUBQQFBS
one after the other, as in Listing 4.9. Make the figures assume a running
position. Change the color of the person’s face in each succeeding figure,
going from white to pink to red to yellow to green. Have the smiling face
gradually change its mouth shape from a smile on the first person to a
GSPXO PO UIF MBTU QFSTPO 6TF B switch statement to choose the color.
Embed the switch statement in a loop.
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Answers to Self-Test Questions
1. 0
1
2
3
4
count after loop = 5

2. Yes, the body of a whileMPPQDBOFYFDVUF[FSPUJNFT/P UIFCPEZPGB
do-while loop must execute at least once.
3. 0
count after loop = 1

4. Scanner keyboard = new Scanner(System.in);
int number;
System.out.println("Enter a whole number:");
number = keyboard.nextInt();
System.out.println("You entered " + number);
while (number > 0)
{
System.out.println("Enter a whole number:");
number = keyboard.nextInt();
System.out.println("You entered " + number);
}
System.out.println("number after loop = " + number);

5. This is an infinite loop. The println statement after the loop will never be
executed. The output begins
0
−1
−2
−3
.
.
.

6. while (population <= 0)
{
System.out.println("Population must be positive.");
System.out.print("Reenter population: ");
population = keyboard.nextInt( );
}

7. 1
2
3
4
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8. This loop produces no output. The boolean expression n > 4 is false
the first time through the loop, so the loop ends without iterating its
body.
9. 4
3
2
1

10. The only output is
0

#FTVSFUPOPUJDFUIFTFNJDPMPOUIBUXBTBEEFEBUUIFFOEPGUIFGJSTUMJOF
of the for loop.
11. 0.0
0.5
1.0
1.5
2.0
2.5

12. for (int n = 1; n <= 5; n++)
System.out.println(2 * n);

or
for (int n = 2; n <= 10; n = n + 2)
System.out.println(n);

13. 0
0
1
0
1
2

14. for (int time = 1; time < = 4; time++)
System.out.println("One more time.");

15. int result = 1;
for (int count = 1; count < = 5; count++)
result = 2 * result;

16. You can use any number less than 1.0 as a sentinel value, but to avoid any
problems with the approximate nature of double values, the number you
choose should be significantly less than 1.0.
System.out.println("Enter a list of numbers.");
System.out.println("All the numbers must be 1.0 or larger.");
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System.out.print("Enter 0 after the last number ");
System.out.println("on the list.");
double sum = 0;
int count = 0;
Scanner keyboard = new Scanner(System.in);
double next = keyboard.nextDouble();
while (next > 0.9)
//next >= 1.0 has a risk of inaccuracy.
{
sum = sum + next;
count++;
next = keyboard.nextDouble();
}
if (count > 0)
System.out.println("Average is " + (sum / count));
else
System.out.println("No numbers to average.");

17. One
Two
Three
After the loop

/PUF UIBU UIF break statement ends the switch statement but does not
end the for loop.
18. Hello
Hello
After the loop 1

19. Hello
Hello

/PUFUIBUAfter the loop is not displayed because the program ends.
20. int sum = 0;
Scanner keyboard = new Scanner(System.in);
while (true)
{
int next = keyboard.nextInt();
if (next < 0)
break;
else
sum = sum + next;
}

This version of the loop hides its stopping criterion within its body.
The original version that uses the boolean variable areMore is easier to
understand.
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21. The code contains
balance = balance + penalty;
balance = balance − deposit;

but it should contain
balance = balance − penalty;
balance = balance + deposit;

&WFO BGUFS JU JT GJYFE JO UIJT XBZ  JU TUJMM IBT UIF GPMMPXJOH QSPCMFN *G
penalty is greater than deposit, the loop is infinite.
22. int sum = 0;

System.out.println("sum == " + sum); // *
for (int n = 1; n < 10; n++)
{
sum = sum + n;
System.out.println("n == " + n); // *
System.out.println("sum == " + sum); // *
}
System.out.println("1 + 2 + . . . ) + 9 + 10 == " + sum);

23. The boolean expression should be n <= 10, not n < 105IJTJTBOPGGCZ
one error.
24. An assertion is a statement that says something about the state of your
program at a particular point. An assertion should be true if there are no
mistakes in the program. The following is an example of an assertion given
two times, once as a comment and once as an assertion check:
// (timeLeft > 30) && (points < 10)
assert (timeLeft > 30) && (points < 10);

25. if (balance <= 0) //if (balance > 0) is false.
{
System.out.println("Assertion(balance > 0)failed.");
System.out.println("Aborting program.");
System.exit(0);
}

26. You are not required to give a complete applet, but we have embedded the
answer in one.
import javax.swing.JApplet;
import java.awt.Graphics;
import java.awt.Color;
public class Question26 extends JApplet
{
public static final int DIAMETER = 30;
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public static final int X_CENTER = 100;
public static final int Y_CENTER = 100;
public static final int GAP = 10;
public void paint(Graphics canvas)
{
int radius = DIAMETER / 2;
int x = X_CENTER - radius; //upper left corner
int y = Y_CENTER - radius;
for (int i = 1; i <= 6; i++)
{
canvas.setColor(Color.BLUE);
canvas.fillOval(x, y, DIAMETER, DIAMETER);
canvas.setColor(Color.BLACK);
canvas.drawOval(x, y, DIAMETER, DIAMETER);
x = x + DIAMETER + GAP;
}
}
}
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class n. 1. A set, collection, group, or configuration containing members regarded as having certain attributes or traits in common; a kind or category.…
5)&".&3*$"/)&3*5"(&%*$5*0/"3:0'5)&&/(-*4)-"/(6"(& Fourth Edition*

Recall that an object is named by a variable of a class type. Objects have data, but
they also can take actions. These actions are defined by methods. You have already
been using some objects and invoking their methods. For example, you have created
and used objects of type String. If name is an object of type String, its method
length will return its length. In particular, the length of the string object name is the
value returned by the expression name.length(). The class String is already defined
for you in the Java Class Library. In this chapter, we will show you how to define
your own simple classes and how to use objects and methods of those classes.

OBJECTIVES
After studying this chapter, you should be able to
t %FTDSJCFUIFDPODFQUTPGBDMBTTBOEPGBOPCKFDUPGBDMBTT
t $SFBUFPCKFDUTPGBDMBTT
t %FGJOFB+BWBDMBTTBOEJUTNFUIPET
t %FTDSJCFIPXQBSBNFUFSTXPSLJOBNFUIPEEFGJOJUJPO
t 6TFUIFNPEJGJFSTpublic and private
t %FGJOFBDDFTTPSNFUIPETBOENVUBUPSNFUIPETGPSBDMBTT
t 8SJUFBOEVTFQSJWBUFNFUIPETXJUIJOBDMBTT
t %FTDSJCFJOGPSNBUJPOIJEJOHBOEFODBQTVMBUJPO
t 8SJUFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPSBNFUIPE
t %FTDSJCFUIFQVSQPTFPGjavadoc
t %SBXTJNQMF6.-EJBHSBNT
t %FTDSJCFSFGFSFODFTBTXFMMBTWBSJBCMFTPGBDMBTTUZQFBOEQBSBNFUFSTPGB
class type
t %FGJOFBOequals method and other boolean-valued methods
t 6TFNFUIPETPGUIFDMBTT Graphics, and add labels and the method init
to an applet

PREREQUISITES
You need to be familiar with the material in the first four chapters before
reading this chapter. You might want to review the section in Chapter 1
entitled “Object-Oriented Programming.”
'VMMBOEQBSUJBMEJDUJPOBSZFOUSJFTGSPN5)&".&3*$"/)&3*5"(&%*$5*0/"3:0'
5)&&/(-*4)-"/(6"(&$PQZSJHIU©CZ)PVHIUPO.JGGMJO)BSDPVSU1VCMJTIJOH
$PNQBOZ"EBQUFEBOESFQSPEVDFECZQFSNJTTJPOGSPN5)&".&3*$"/)&3*5"(&
%*$5*0/"3:0'5)&&/(-*4)-"/(6"(& 'PVSUI&EJUJPO
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5.1 CLASS AND METHOD DEFINITIONS
The greatest invention of the nineteenth century was the invention of the
method of invention.
ALFRED NORTH WHITEHEAD, SCIENCE AND THE MODERN WORLD

A Java program consists of objects of various class types, interacting with one
another. Before we go into the details of how you define your own classes
and objects in Java, let’s review and elaborate on what we already know about
classes and objects.
Objects in a program can represent either objects in the real word—
like automobiles, houses, and employee records—or abstractions like colors,
shapes, and words. A class is the definition of a kind of object. It is like a
plan or a blueprint for constructing specific objects. For example, Figure 5.1
describes a class called Automobile. The class is a general description of what
an automobile is and what it can do.

Objects in a
program can
represent realworld things or
abstractions

FIGURE 5.1 A Class as a Blueprint
Class Name: Automobile

Class description

Data:
amount of fuel__________
speed __________
license plate __________

Methods (actions):
accelerate:

How: Press on gas pedal.
decelerate:

How: Press on brake pedal.
First Instantiation:

Object name: patsCar
amount of fuel: 10 gallons
speed: 55 miles per hour
license plate: "135 XJK"

Second Instantiation:

Object name: suesCar
amount of fuel: 14 gallons
speed: 0 miles per hour
license plate: "SUES CAR"

Third Instantiation:

Object name: ronsCar
amount of fuel: 2 gallons
speed: 75 miles per hour
license plate: "351 WLF"

Objects that are instantiations
of the class Automobile

264

CHAPTER 5 / Defining Classes and Methods

Objects of this class are particular automobiles. The figure shows three
An instance of a
class is an object

A class is like a
blueprint for
creating objects

A class specifies
an object’s
attributes and
defines its
behaviors as
methods

Use a UML class
diagram to help
design a class

Automobile objects. Each of these objects satisfies the class definition of an
Automobile object and is an instance of the Automobile class. Thus, we can

create, or instantiate, several objects of the same class. The objects here are
individual automobiles, while the Automobile class is a generic description of
what an automobile is and does. This is, of course, a very simplified version of
an automobile, but it illustrates the basic idea of what a class is. Let’s look at
some details.
A class specifies the attributes, or data, that objects of the class have.
The Automobile class definition says that an Automobile object has three
attributes or pieces of data: a number telling how many gallons of fuel are in
the fuel tank, another number telling how fast the automobile is moving, and
a string that shows what is written on the license plate. The class definition
has no data—that is, no numbers and no string. The individual objects have
the data, but the class specifies what kind of data they have.
The class also specifies what actions the objects can take and how
they accomplish those actions. The Automobile class specifies two actions:
accelerate and decelerate. Thus, in a program that uses the class
Automobile, the only actions an Automobile object can take are accelerate
and decelerate. These actions are described within the class by methods.
All objects of any one class have the same methods. In particular, all objects
of the class Automobile have the same methods. As you can see in our
sample Automobile class, the definitions of the methods are given in the class
definition and describe how objects perform the actions.
The notation in Figure 5.1 is a bit cumbersome, so programmers often use
a simpler graphical notation to summarize some of the main properties of a
class. This notation, illustrated in Figure 5.2, is called a UML class diagram,
or simply a class diagram. UML is an abbreviation for Universal Modeling
Language. The class described in Figure 5.2 is the same as the one described in
Figure 5.1. Any annotations in Figure 5.2 that are new will be explained later
in the chapter.

FIGURE 5.2 A Class Outline as a UML Class Diagram

Automobile
– fuel: double
– speed: double
– license: String
+ accelerate(double pedalPressure): void
+ decelerate(double pedalPressure): void

Class name

Data

Methods
(actions)
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/PUJDFBGFXNPSFUIJOHTBCPVUBDMBTTBOEUIFPCKFDUTUIBUJOTUBOUJBUFUIF
class. Each object has a name. In Figure 5.1, the names are patsCar, suesCar,
and ronsCar. In a Java program, these object names would be variables of
type Automobile. That is, the data type of the variables is the class type
Automobile.
Before we get further into the nitty-gritty of defining a simple class, let’s
review some of the things we said in Chapter 1 about storing classes in files
and compiling them.

Class Files and Separate Compilation
8IFUIFSZPVVTFBDMBTTUBLFOGSPNUIJTCPPLPSPOFUIBUZPVXSJUFZPVSTFMG 
you place each Java class definition in a file by itself. There are exceptions to
this rule, but we will seldom encounter them, and we need not be concerned
about them yet. The name of the file should begin with the name of the class Each class is in a
and end in .java4PJGZPVXSJUFBEFGJOJUJPOGPSBDMBTTDBMMFEAutomobile, it separate file
should be in a file named Automobile.java.
You can compile a Java class before you have a program in which to use it.
The compiled bytecode for the class will be stored in a file of the same name, but
ending in .class rather than .java4PDPNQJMJOHUIFGJMFAutomobile.java will
create a file called Automobile.class. Later, you can compile a program
file that uses the class Automobile, and you will not need to recompile the
class definition for Automobile. This naming requirement applies to full
QSPHSBNT BT XFMM BT UP DMBTTFT /PUJDF UIBU FWFSZ QSPHSBN IBWJOH B main
method has a class name at the start of the file; this is the name you need to
use for the file that holds the program. For example, the program you will
see later in Listing 5.2 should be in a file named DogDemo.java. As long as
all the classes you use in a program are in the same directory as the program
file, you need not worry about directories. In Chapter 6, we will discuss how
to use files from more than one directory.

PROGRAMMING EXAMPLE

Implementing a Dog Class

To introduce the way that Java classes are defined let’s create a simple class
to represent a dog. Thus, we name our class Dog in Listing 5.1. Although
its simplicity makes this first example easier to explain, it violates several
important design principles. As we progress through this chapter we will
discuss the weaknesses of the example’s design and show how to improve it.
Each object of the Dog class stores the name, breed, and age of a dog.
Additionally, each object has two actions, defined by the methods writeOutput
and getAgeInHumanYears. The writeOutput method outputs the data stored
about the dog and the getAgeInHumanYears method approximates the dog’s
equivalent age as if it were a human. Both the data items and the methods are
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Instance variables
and methods are
members of a
class.

sometimes called members of the object because they belong to the object.
8FXJMMDBMMUIFEBUBJUFNTinstance variables. In the following subsections we
will discuss the instance variables and then the methods.
LISTING 5.1 Definition of a Dog Class
public class Dog
Later in this chapter we will see that
{
the modifier public for instance
public String name;
variables should be replaced with
public String breed;
private.
public int age;
public void writeOutput()
{
System.out.println("Name: " + name);
System.out.println("Breed: " + breed);
System.out.println("Age in calendar years: " +
age);
System.out.println("Age in human years: " +
getAgeInHumanYears());
System.out.println();
}
public int getAgeInHumanYears()
{
int humanAge = 0;
if (age <= 2)
{
humanAge = age * 11;
}
else
{
humanAge = 22 + ((age-2) * 5);
}
return humanAge;
}
}

Instance Variables
The following three lines from the start of the class definition in Listing 5.1
define three instance variables:
public String name;
public String breed;
public int age;

The word public simply means that there are no restrictions on how these
instance variables are used. You will soon see that using public here is a bad
idea, but let’s ignore that for now. Each of these lines declares one instance
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WBSJBCMF/PUJDFUIBUFBDIJOTUBODFWBSJBCMFIBTBEBUBUZQF'PSFYBNQMF UIF
instance variable name is of type String.
You can think of an object of the class as a complex item having instance
variables inside of it. In this case, the instance variables are called name,
breed, and age. Each object, or instance, of the class has its own copy of
these three instance variables, which is why they are called instance variables.
The program in Listing 5.2 demonstrates how to use the Dog class and handle
these instance variables.
LISTING 5.2 Using the Dog Class and Its Methods
public class DogDemo
{
public static void main(String[] args)
{
Dog balto = new Dog();
balto.name = "Balto";
balto.age = 8;
balto.breed = "Siberian Husky";
balto.writeOutput();
Dog scooby = new Dog();
scooby.name = "Scooby";
scooby.age = 42;
scooby.breed = "Great Dane";
System.out.println(scooby.name + " is a " +
scooby.breed + ".");
System.out.print("He is " + scooby.age +
" years old, or ");
int humanYears = scooby.getAgeInHumanYears();
System.out.println(humanYears + " in human years.");
}
}

Sample Screen Output
Name: Balto
Breed: Siberian Husky
Age in calendar years: 8
Age in human years: 52
Scooby is a Great Dane.
He is 42 years old, or 222 in human years.

The following line from Listing 5.2 creates an object of type Dog and attaches
the name balto to the object:
Dog balto = new Dog();
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The variables balto and scooby reference distinct Dog objects, each with their
own instance variables of name, breed, and age. You can refer to one of these
instance variables by writing the object name followed by a dot and then the
instance variable’s name. For example,
balto.name

4JODFname is of type String, balto.name is a variable of type String and
can be used anywhere that you can use a variable of type String. For example,
all of the following are valid Java statements:
balto.name = "Balto";
System.out.println("The dog's name is " + balto.name);
String niceName = balto.name;

4JODF FBDI PCKFDU PG UZQF Dog has its own three instance variables, if your
program also contained the statement
Dog scooby = new Dog();

Then balto.name and scooby.name would be two different instance variables
that might have different string values. In Listing 5.2 they do have different
values since balto.name is set to “Balto” and scooby.nameJTTFUUPi4DPPCZw

FAQ Why do we need new?
In Java, new is a unary operator that we use to create objects of a class.
When new is used in an expression such as
Dog scooby = new Dog();

it creates an object of the class Dog. The new operator then returns the
memory address of the object. The preceding Java statement assigns this
address to the variable scooby. An object can have variables inside of
it, namely, the instance variables of the object. The new operator places
these instance variables inside of the object when it creates the object.

FAQ If the program in Listing 5.2 is a class, why doesn’t it
have instance variables?
A program is simply a class that has a method named main. But a
program can have other methods and can have instance variables, even
though none of the programs we have written so far have instance
variables or any methods other than main.
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Methods
8IFOZPVVTFBNFUIPE ZPVBSFTBJEUPJOWPLFPSDBMMJU:PVIBWFBMSFBEZ You invoke, or
invoked methods. For example, your programs have invoked the method call, a method
nextInt using objects of the class Scanner. You have also invoked the method
println of the object System.out, as in the following statement:
System.out.println("Hello out there!");

Java has two kinds of methods:
t .FUIPETUIBUSFUVSOBTJOHMFJUFN
t .FUIPETUIBUQFSGPSNTPNFBDUJPOPUIFSUIBOSFUVSOJOHBOJUFN

Two kinds of
methods

The method nextInt is an example of a method that returns a single value,
one of type int. The method println is an example of a method that performs
TPNFBDUJPOPUIFSUIBOSFUVSOJOHBTJOHMFWBMVF.FUIPETUIBUQFSGPSNTPNF
action other than returning a value are called void methods.

REMEMBER Two Kinds of Methods
Java has two kinds of methods: those that return a single value or object
and those that perform some action other than returning an item. These
two different kinds of methods are normally used in slightly different
ways.

Let’s review how you invoke a method. The method nextInt of the class
ScannerJTBNFUIPEUIBUSFUVSOTBTJOHMFWBMVF4VQQPTFUIFEFDMBSBUJPO
int theNextInteger;

is in a program. The following statement invokes the method nextInt using
the object keyboard, which we assume is an object of the class Scanner:
theNextInteger = keyboard.nextInt();

Let’s look at this method invocation in more detail.
A method defined in a class is usually invoked using an object of that
class. You write the receiving object name—such as keyboard—followed by a
dot, and then the name of the method—such as nextInt—and finally a set of
parentheses that can contain arguments for the method. If the method is one
that returns a single quantity, such as the method nextInt, you can use this
method invocation anywhere that you can use an item of the type returned by
the method. The method nextInt returns a value of type int, and so you can
use the expression
keyboard.nextInt()

Calling a method
that returns a
value
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anywhere that it is valid to use a value of type int. The expression behaves as
if it were replaced by the value returned. For example, since the assignment
statement
int data = 6;

is valid, so is the statement
int data = keyboard.nextInt();

Calling a void
method

.FUIPETUIBUQFSGPSNTPNFBDUJPOPUIFSUIBOSFUVSOJOHBTJOHMFRVBOUJUZ
are invoked in a similar way. But since they do not return a value, their
invocations stand alone; they are not embedded in another Java statement.
For example, the following statement includes an invocation of the method
println:
System.out.println("Hello out there!");

This method call causes the sentence Hello out there! to be displayed on
the screen.
Calling the method writeOutput for the class Dog, as in Listing 5.2 has
a similar effect, except that you do not have to tell writeOutput what to
write by including arguments inside the parentheses. Instead, the method
writeOutput gets the information it needs from its receiving object.
For example, the latter part of the program in Listing 5.2 sets the values of
the instance variables of the object balto using the following three assignment
statements:
balto.name = "Balto";
balto.age = 8;
balto.breed = "Siberian Husky";

The program then uses the following statement to display these values:
balto.writeOutput();

The method writeOutput gets data from the object balto to produce the
output
Name: Balto
Breed: Siberian Husky
Age in calendar years: 8
Age in human years: 52

At the end of Listing 5.2 we perform essentially the same task as the
writeOutput method by accessing the instance variables directly from the
scoobyPCKFDU8IJMFUIJTDBOCFVTFGVMUPHFOFSBUFBDVTUPNJ[FENFTTBHF JG
we are happy with the writeOutput output then the last four lines of main can
be simplified down to
scooby.writeOutput();

5.1 Class and Method Definitions

REMEMBER Invoking (Calling) a Method
You invoke a method by writing the name of the receiving object
followed by a dot, the name of the method, and finally a set of
parentheses that can contain arguments providing information for the
method.

RECAP Calling a Method That Returns a Quantity
If a method returns a single quantity, you can invoke it anywhere
that you can use a value of the type returned by the method. For
example, the following statement includes an invocation of the method
getAgeInHumanYears, and the value returned is assigned to the int
variable humanYears:
humanYears = scooby.getAgeInHumanYears();

RECAP Calling a void Method
If a method performs some action other than returning a single quantity,
you write its invocation followed by a semicolon. The resulting Java
statement performs the action defined by the method. For example, the
following is an invocation of the method writeOutput for the object
balto:
balto.writeOutput();

This method invocation displays several lines of output on the screen.

FAQ What about main? If it is indeed a method, why don’t I
invoke it?
When you run a program, the system invokes the void method named
main. Of course, this is a special kind of method invocation—one that you
do not write—but it is a method invocation nonetheless.
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Defining void Methods
A definition of a
void method

Let’s look at the definition of the method writeOutput to see how method
definitions are written. The definition is given in Listing 5.1 and is repeated here:
public void writeOutput()
{
System.out.println("Name: " + name);
System.out.println("Breed: " + breed);
System.out.println("Age in calendar years: " + age);
System.out.println("Age in human years: " +
getAgeInHumanYears());
System.out.println();
}

A method
definition has a
heading and a
body
Local variables
are those
declared within a
method’s body

All method definitions appear inside the definition of the class to which
they belong. If you look at Listing 5.1, you will see that this method definition
is inside the definition of the class Dog. This means that the method can be
used only with objects of the class Dog.
For now, our method definitions begin with the keyword public. The
word public indicates that there are no special restrictions on the use of
the method. Later in this chapter, you will see that the word public can
sometimes be replaced by other modifiers that restrict the use of the method.
For a method like writeOutput that does not return a value, you next
write the keyword void. This keyword indicates that the method does not
return a value and is the reason why this kind of method is called a void
method. After the keyword void, you write the name of the method and a pair
of parentheses. The parentheses enclose representations of any arguments that
the method will need. In our example, no extra information is needed, and
so there is nothing inside the parentheses. Later in the chapter, you will see
examples of the sorts of things that might appear inside these parentheses for
other method definitions. This first part of the method definition is called the
heading for the method. The heading is normally written on a single line, but
if it is too long for one line, it can be broken into two or more lines.
After the heading comes the rest of the method definition, which is called
the body. The statements in the body of the method definition are enclosed
between braces {}. Any statement or declaration that you can place in a
program can appear within the body. You can use instance variables within
the body. Any other variables used in a method definition must be declared
XJUIJOUIBUNFUIPEEFGJOJUJPO4VDIWBSJBCMFTBSFDBMMFElocal variables.
8IFOB void method is invoked, it is as if the method invocation were
replaced by the body of the method definition and its statements were then
executed. There are some subtleties about this replacement process, but for
the simple examples we will look at now, think of the body of the method
definition as literally replacing the method invocation. Eventually, you’ll want
to think of the method definition as defining an action to be taken, rather
than as a list of statements to substitute for the method invocation, but this
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substitution idea is correct and is a good way to start understanding method
invocations.
For example, you can imagine replacing the method invocation
balto.writeOutput();

with the body of the method writeOutput. In this case, it is as if the preceding
method invocation were replaced by the following statements:
System.out.println("Name: " + name);
System.out.println("Breed: " + breed);
System.out.println("Age in calendar years: " + age);
System.out.println("Age in human years: " +
getAgeInHumanYears());
System.out.println();

The names—name, breed, and age—refer to the instance variables of the
receiving object balto 4P  UP CF NPSF QSFDJTF  UIF NFUIPE JOWPDBUJPO JT
equivalent to the statements
System.out.println("Name: " + balto.name);
System.out.println("Breed: " + balto.breed);
System.out.println("Age in calendar years: " + balto.age);
System.out.println("Age in human years: " +
balto.getAgeInHumanYears());
System.out.println();

REMEMBER main Is a void Method
It is indeed true that main is a void method. For now, those extra words
like static and String[]args in its heading will have to remain a
mystery. Just put them in, and eventually we will explain them all. Only
a class that is run as a program needs a main method, but any class
can have one. If a class has a main method but the class is not run as a
program, main is simply ignored.

Defining Methods That Return a Value
You define a method that returns a value in basically the same way that you define
a void method, with one added concern—namely, specifying the value returned.
Let’s consider the method getAgeInHumanYears from the class Dog. This method
FTUJNBUFTBEPHTFRVJWBMFOUBHFJOIVNBOZFBST8FDBMMFEUIJTNFUIPEBTGPMMPXT
int humanYears = scooby.getAgeInHumanYears();

This statement sets the value of the variable humanYears equal to the value
returned by the method invocation
scooby.getAgeInHumanYears()
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The definition of the method getAgeInHumanYears tells the computer how to
compute the value returned.
Let’s look at that method definition in Listing 5.1. Like a void method
definition, the definition of a method that returns a value can be divided into
two parts: the method heading and the method body. Here is the heading for
the method getAgeInHumanYears:
public int getAgeInHumanYears()

The heading of
a method that
returns a value
contains the
return type
The body of
a method
that returns a
value contains
a return
statement:

The heading for a method that returns a value is almost the same as the
heading for a void method. The only difference is that a method that returns
a value uses a type name instead of the keyword void. The heading begins
with the keyword public, followed by a type name—which is the type
of the value to be returned—followed by the name of the method and a
pair of parentheses. As is true of void methods, the parentheses enclose
representations of any arguments that the method will need. In this example,
the parentheses are empty. As before, the keyword public indicates that there
are no special restrictions on the use of the method.
The body of a method definition that returns a value is just like the body
of a void method definition, except that it must contain at least one return
statement:
return Expression;

A return statement says that the value returned by the method is the value of
Expression. Expression can be any expression that produces a value of the type
specified in the heading of the method definition. For example, the definition
of the method getAgeInHumanYears contains the statement
return 22 + ((age − 2) * 5);

8IFOBNFUIPEUIBUSFUVSOTBWBMVFJTJOWPLFE UIFTUBUFNFOUTJOUIFCPEZ
of the method definition are executed. For example, when the assignment
statement
int humanYears = scooby.getAgeInHumanYears();

executes, the body of the method definition for getAgeInHumanYears is
executed. The statements in that body are as follows:
int humanAge = 0;
if (age <= 2)
{
humanAge = age * 11;
}
else
{
humanAge = 22 + ((age - 2) * 5);
}
return humanAge;

5.1 Class and Method Definitions

The instance variable age refers to the instance variable of the receiving object,
which in this case is scooby. The value of ageJO-JTUJOHJTTFUUP6TJOH
the formula that each dog year is approximately equivalent to 11 human years
up to age 2, and then each dog year is approximately equivalent to 5 human
years thereafter, we return the appropriate human age for the dog. The variable
humanAge is set to the calculated value and returned at the end of the method.
8IFO B return statement executes, not only does it provide the value
returned by the method but it also ends the method’s execution. If more
statements follow the return statement, they are not executed.
A method that returns a value may perform some other action as well, such
as reading a value from the keyboard, but it definitely must return a value.
REMEMBER Naming Methods
Java will let you use any valid identifier—but not a keyword—as the name
for a method. However, you should choose clear, meaningful names to
make your code easier to read. Since methods perform actions, you should
use a verb or verb phrase as the name of a method. The normal convention
is to begin all method names with a lowercase letter. Recall that, by
convention, we begin class names with an uppercase letter.

■ PROGRAMMING TIP

Use One return Statement

Although you can use more than one return statement within the body of a
method that returns a value, you typically should use only one. Placing that
one return statement at or near the physical end of the method’s body makes
your method easier to read.
■
8F VTFE B TJOHMF return statement in the definition of the method
getAgeInHumanYears. Instead, we could have used multiple return statements,
one for the case where age ≤ 2 and another when age > 2:
if (age <= 2)
{
return age * 11;
}
else
{
return 22 + ((age-2) * 5);
}

4PNF QSPHSBNNFST GJOE UIJT UP CF DMFBS  QBSUJDVMBSMZ TJODF UIF return
statements are at or near the end of the method definition. However, if the logic
of the method were more complicated, and a return statement occurred far
from the physical end of the method definition, understanding the logic would
CFNPSFEJGGJDVMU8FQSFGFSUPVTFPOMZPOFreturn statement in a method.
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Execution
of a return
statement ends
a method’s
execution
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FAQ I’ve heard of functions. Does Java have functions?
No, Java does not have functions. In some other programming languages,
methods that return a value are called functions, as they correspond to
the mathematical notion of a function. However, in Java, regardless of
whether a method returns a value or not, it is called a method, not a
function.

FAQ Can a void method contain a return statement?
Since a void method returns no value, it typically does not have any
return statement. However, you can write a return statement within a
void method without an accompanying expression, as follows:
return;

This statement is just like the other return statements you have seen,
except that you do not include any expression for the value returned.
When executed, this return statement simply ends the execution of the
void method.
Some programmers use this statement to end a method invocation early,
such as when the method discovers some sort of problem. For example,
you might add the following method to the definition of the class
SpeciesFirstTry in Listing 5.3.
public void showLandPortion()
{
if (population == 0)
{
System.out.println("Population is zero.");
return; //Ends here to avoid division by zero.
}
double fraction = 6.0 / population;
System.out.println("If the population were spread ");
System.out.println("over 6 continents, each " +
"individual");
System.out.println("would have a fraction of its ");
System.out.println("continent equal to " + fraction);
}

The method’s execution would end at the return statement if the rest of
the method would involve a division by zero.
(continued)
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Sometimes, using a return statement within a void method is the
clearest and easiest approach, but more often, a better solution is
possible. Such is the case with our example. Adding an else portion to
the if statement, as follows, clarifies the logic of the method:
public void showLandPortion()
{
if (population == 0)
System.out.println("Population is zero.");
else
{
double fraction = 6.0 / population;
System.out.println("If the population were spread ");
System.out.println("over 6 continents, each " +
"individual");
System.out.println("would have a fraction of its ");
System.out.println("continent equal to " +
fraction);
}
}

RECAP Method Definitions
Every method belongs to some class and is available to objects created
from that class. The definition of a method is given in the definition
of the class to which it belongs. Each method either returns a single
quantity or does not return any value. The latter kind of method is called
a void method.
SYNTAX
public Return_Type Method_Name(Parameters)
{
Statements
}

where Return_Type is either void or the data type of the quantity
returned by the method. In the latter case, Statements must contain at
least one return statement of the form
return Expression;

A return statement defines the value returned by the method and
ends the method’s execution. A void method does not need a return
statement, but it can have one if you want to end the method invocation
(continued)
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before the physical end of the code. If that is the case, the return
statement omits Expression. Using a return statement in a void method
is not typical.
So far, we have not discussed Parameters, but we will do so shortly. If
there are no Parameters, the parentheses are empty.
EXAMPLES
public void writeOutput()
{
System.out.println("Name: " + name);
System.out.println("Breed: " + breed);
System.out.println("Age in calendar years: " + age);
}
public int halveThePopulation()
{
return population / 2;
}

PROGRAMMING EXAMPLE

First Try at Implementing a
Species Class

The next example in Listing 5.3 is designed to hold records of endangered
species. This class is slightly more complex than the Dog class but still violates
several important design principles. Later we will improve on this example as
we discuss these principles. Thus, we name our class SpeciesFirstTry.
LISTING 5.3 A Species Class Definition—First Attempt
(part 1 of 2)
import java.util.Scanner;
public class SpeciesFirstTry
{
public String name;
public int population;
public double growthRate;

We will give a better version of this
class later in this chapter.

Later in this chapter you will see that the
modifier public for instance variables
should be replaced with private.

public void readInput()
{
Scanner keyboard = new Scanner(System.in);
System.out.println("What is the species' name?");
name = keyboard.nextLine();
System.out.println("What is the population of the " +
"species?");
population = keyboard.nextInt();

(continued)
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LISTING 5.3 A Species Class Definition—First Attempt
(part 2 of 2)
System.out.println("Enter growth rate " +
"(% increase per year):");
growthRate = keyboard.nextDouble();
}
public void writeOutput()
{
System.out.println("Name = " + name);
System.out.println("Population = " + population);
System.out.println("Growth rate = " + growthRate + "%");
}
public int getPopulationIn10()
{
int result = 0;
double populationAmount = population;
int count = 10;
while ((count > 0) && (populationAmount > 0))
{
populationAmount = populationAmount +
(growthRate / 100) *
populationAmount;
count--;
}
if (populationAmount > 0)
result = (int)populationAmount;
return result;
}
}

Each object of this class has three pieces of data: a name, a population
size, and a growth rate. The data is contained in three instance variables, name,
population, and growthRate. The objects have three actions, defined by the
methods readInput, writeOutput, and getPopulationIn10.
The code in Listing 5.4 creates an object of type SpeciesFirstTry and
attaches the name speciesOfTheMonth to this object. Based on the population
and growth rate it outputs the expected population in ten years.
LISTING 5.4 Using the Species Class and Its Methods
(part 1 of 2)
public class SpeciesFirstTryDemo
{
public static void main(String[] args)
{
SpeciesFirstTry speciesOfTheMonth = new SpeciesFirstTry();
System.out.println("Enter data on the Species of "+
"the Month:");

(continued)
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LISTING 5.4 Using the Species Class and Its Methods
(part 2 of 2)
speciesOfTheMonth.readInput();
speciesOfTheMonth.writeOutput();
int futurePopulation =
speciesOfTheMonth.getPopulationIn10();
System.out.println("In ten years the population will be "
+ futurePopulation);
//Change the species to show how to change
//the values of instance variables:
speciesOfTheMonth.name = "Klingon ox";
speciesOfTheMonth.population = 10;
speciesOfTheMonth.growthRate = 15;
System.out.println("The new Species of the Month:");
speciesOfTheMonth.writeOutput();
System.out.println("In ten years the population will "
"be " + speciesOfTheMonth.getPopulationIn10());
}
}

Sample Screen Output
Enter data on the Species of the Month:
What is the species' name?
Ferengie fur ball
What is the population of the species?
1000
Enter growth rate (% increase per year):
-20.5
Name = Ferengie fur ball
Population = 1000
Growth rate = 20.5%
In ten years the population will be 100
The new Species of the Month:
Name = Klingon ox
Population = 10
Growth rate = 15.0%
In ten years the population will be 40

Like all objects of type SpeciesFirstTry, the object speciesOfTheMonth
has three instance variables called name, population, and growthRate. Rather
than set the values of the instance variable from the main method as in

5.1 Class and Method Definitions

Listing 5.2, instead we invoke the readInput method to input values from the
keyboard. The input values are stored with the instance variables associated
with the speciesOfTheMonth object.
The statements in that body of the getPopulationIn10 are as follows:
int result = 0;
double populationAmount = population;
int count = 10;
while ((count > 0) && (populationAmount > 0))
{
populationAmount = (populationAmount + (growthRate / 100)
* populationAmount);
count--;
}
if (populationAmount > 0)
result = (int)populationAmount;
return result;

The instance variable population refers to the instance variable of
the receiving object, which in this case is speciesOfTheMonth. The value
of population is copied into the variable populationAmount, and then the
while loop is executed. Each iteration of the loop increases the value of
populationAmount by the amount that the population will change in one
ZFBS BOEUIFMPPQJTJUFSBUFEUFOUJNFT8IFOUIF while loop ends, the value
of populationAmount is the projected size of the population in ten years. At
that point, populationAmount has the value we want the method to return.
For now, let’s assume that populationAmount is positive—that is, the species
is not extinct. Thus, the if statement will set result to the value (int)
populationAmount. The (int) is a type cast that changes the double value
to an int value so that you do not have a fraction of an animal. The value of
result is returned by the method invocation via the statement:
return result;

The effect is like replacing the method invocation with (int)population
Amount. In this case, the assignment statement
int futurePopulation = speciesOfTheMonth.getPopulationIn10();

sets the variable futurePopulation to the value of(int)populationAmount.
If populationAmount happens to be zero or negative, the statement
leaves result VODIBOHFE GSPN JUT JOJUJBM WBMVF PG [FSP 4P UIF return
statement, and hence the method invocation, returns zero. This is a minor
detail that ensures that the projected population will not be negative. After
all, in the real world, once a population reaches zero individuals, it just stays
at zero.
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The Keyword this
Look back at the class definition of the class SpeciesFirstTry in Listing
  BOE UIFO MPPL BU UIF QSPHSBN JO -JTUJOH  UIBU VTFT UIJT DMBTT /PUJDF
that instance variables are written differently, depending on whether they are
within the class definition or someplace outside the class definition, such as
in a program that uses the class. Outside the class definition, you name an
instance variable by giving the name of an object of the class followed by a
dot and the name of the instance variable, as in the following reference to the
instance variable name that appears in Listing 5.4:
speciesOfTheMonth.name = "Klingon ox";

However, inside the definition of a method of that same class, you can simply
use the instance variable name without any object name or dot. For example,
the following line occurs inside the definition of the method readInput of the
class SpeciesFirstTry in Listing 5.3:
name = keyboard.nextLine();
Within a class
definition, this
is a name for the
receiving object

As you know, every instance variable, including name, is an instance
variable of some object. In cases like this, the object is understood to be there,
but its name usually is omitted. This understood object has the somewhat
unusual name of this. Although this is frequently omitted—but understood
to be there—you can include it if you want. For example, the preceding
assignment of the instance variable name is equivalent to the following:
this.name = keyboard.nextLine();

As another example, the following method is equivalent to the version of
writeOutput used in Listing 5.3:
public void writeOutput()
{
System.out.println("Name = " + this.name);
System.out.println("Population = " + this.population);
System.out.println("Growth rate = " + this.growthRate + "%");
}

The keyword this stands for the receiving object. For example, in the
invocation
speciesOfTheMonth.writeOutput();

the receiving object is speciesOfTheMonth4PUIJTJOWPDBUJPOPGUIFNFUIPE
writeOutput is equivalent to
{
System.out.println("Name = " + speciesOfTheMonth.name);
System.out.println("Population = " +
speciesOfTheMonth.population);

5.1 Class and Method Definitions
System.out.println("Growth rate = " +
speciesOfTheMonth.growthRate + "%");
}

which we got by replacing this with speciesOfTheMonth.
The keyword this is like a blank waiting to be filled in with the object
that receives the method invocation. Because you would be using this so
often if it were required, Java lets you omit it, along with the dot that follows
it, but the this BOE UIF EPU BSF VOEFSTUPPE UP CF UIFSF JNQMJDJUMZ .BOZ
programmers seldom use the keyword this when doing so is optional, but
some situations do require it. On the other hand, some programmers always
use the keyword this to make it clear that the object is being referenced.

RECAP The Keyword this
Within a method definition, you can use the keyword this as a name for
the object receiving the method call.

S E L F-TE S T QU E S TIO N S
  $POTJEFSUIFQSPHSBNJO-JTUJOH4VQQPTFZPVXBOUFEUPBEEBOPUIFS
species object called speciesOfTheYear, and suppose you wanted the
VTFSUPQSPWJEFJUTOBNF QPQVMBUJPO BOEHSPXUISBUF8IBUDPEFEPZPV
need to add to the program? (Hint: Only a few lines of code are needed.)
  4VQQPTFEmployee is a class containing a void method named readInput,
and dilbert is an object of the class Employee that was named and
created by the following statement:
Employee dilbert = new Employee();

8SJUF BO JOWPDBUJPO PG UIF NFUIPE readInput using dilbert as the
receiving object. The method readInput needs no information in
parentheses.
3. Let’s say you want to assign a number as well as a name to each species
JO UIF XPSME  QFSIBQT UP NBLF JU FBTJFS UP DBUBMPH UIFN .PEJGZ UIF
definition of the class SpeciesFirstTry in Listing 5.3 so that it allows for
a number. The number is to be of type int. (Hint: You mostly just have to
add stuff.)
  4VQQPTFFWFSZTQFDJFTJOUIFXPSMEIBTBQFDVMJBSCJSUIJOHQBUUFSO"GUFS
B GFNBMF JT CPSO  B NBMF JT CPSO  UIFO B GFNBMF  BOE TP PO (JWF UIF
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definition of a method, called getFemalePopulation, that you could add
to the definition of the class SpeciesFirstTry in Listing 5.3 to return
the number of females in the population. Also, give the definition of a
method called getMalePopulation that similarly returns the number of
males in the population. If the population is an odd number, you have
one species member left over after pairing males and females. Assume
that species member is a female. For example, if the population is 7, there
are 3 males and 4 females. But if the population is 8, there are 4 males
and 4 females. (Hint: The definitions are very short.)
5. Revise the definition of the method writeOutput in Listing 5.3, using the
keyword this %P OPU DIBOHF UIF NFBOJOH PG UIF EFGJOJUJPO BU BMM :PV
will just write it slightly differently. (Hint: All you need to do is add this
and dots in certain places.)
6. Revise the definition of the method readInput in Listing 5.3, using the
keyword this.
7. Revise the definition of the method getPopulationIn10 in Listing 5.3,
using the keyword this.
  8IBUJTUIFNFBOJOHPG(int) that appears in the definition of the method
getPopulationIn10 in Listing 5.3, and why is it needed?

Local Variables
The meaning of
a local variable
is confined to
the method
containing its
declaration

/PUJDF UIF EFGJOJUJPO PG UIF NFUIPE getPopulationIn10 given in Listing
5.3. That method definition includes the declaration of variables called
populationAmount and count. As we mentioned earlier in this chapter,
B WBSJBCMF EFDMBSFE XJUIJO B NFUIPE JT DBMMFE B MPDBM WBSJBCMF 8F TBZ UIF
variable is local because its meaning is local to—that is, confined to—the
method definition.
4VQQPTF ZPV IBWF UXP NFUIPET EFGJOFE XJUIJO UIF TBNF DMBTT *G FBDI
method declares a variable of the same name—result, for example—we
would have two different variables that just happened to have the same name.
Any change made to the value of result within one method would not affect
the variable named result in the other method. It would be as if the two
methods were executed on different computers, or as if the computer changed
the name of result in one of the two methods to result2.
All variables declared in a program’s main method are local to main. If one
happens to have the same name as a variable declared in some other method,
they are two different variables that just happen to have the same name. For
example, look at the class definition and program in Listing 5.5. First consider
the program, which is shown in the lower half of the listing. The method
main in the program includes the declaration of a variable named newAmount.
/PXMPPLBUUIFDMBTTEFGJOJUJPOJOUIFVQQFSIBMGPGUIFMJTUJOH5IFNFUIPE
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LISTING 5.5 Local Variables
This class definition is in a file
named BankAccount.java.
/**
This class is used in the program LocalVariablesDemoProgram.
*/
public class BankAccount
{
public double amount;
This does not change
public double rate;
the value of the variable
public void showNewBalance()
newAmount in main.
{
double newAmount = amount + (rate / 100.0) *
amount;
System.out.println("With interest added, the new amount
is $" + newAmount);
}
Two different variables named
}
newAmount

This program is in a file named
LocalVariableDemoProgram.java.
/**
A toy program to illustrate how local variables behave.
*/
public class LocalVariablesDemoProgram
{
public static void main(String[] args)
{
BankAccount myAccount = new BankAccount();
myAccount.amount = 100.00;
myAccount.rate = 5;
double newAmount = 800.00;
myAccount.showNewBalance();
System.out.println("I wish my new amount were $" +
newAmount);
}
}

Screen Output

Chapter 6 will fix the appearance of dollar amounts.

With interest added, the new amount is $105.0
I wish my new amount were $800.0
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showNewBalance in the class also declares a variable named newAmount. These
two variables are different. In main, newAmount is set equal to 800.00 and then
the method showNewBalance is called:
myAccount.showNewBalance();

If you look at the definition of this method and do a little arithmetic, you
will see that showNewBalance sets newAmount to 105.00. Yet this assignment
has no effect on the other variable named newAmount within main%JTQMBZJOH
newAmount in main after the method invocation shows that its value is still
800.00. Changing the value of newAmount in the method showNewBalance
had no effect on the variable named newAmount in main. In this case, the two
methods that each use a local variable named newAmount are in different
classes in two different files. However, the situation would be the same if the
two methods were in the same class definition and thus in the same file.
RECAP Local Variables
A variable declared within a method definition is called a local variable.
One method’s local variables have no meaning within another method.
Moreover, if two methods each have a local variable with the same
name, they are considered two different variables.

FAQ I’ve heard about global variables. What are they?

Java has no
global variables

Thus far, we have discussed two kinds of variables: instance variables,
whose meaning is confined to an object of a class, and local variables,
whose meaning is confined to a method definition. Some programming
languages have another kind of variable, called a global variable,
whose meaning is confined only to the program, that is, it’s not confined
at all. Java does not have these global variables. However, as you will
see in the next chapter, Java does have a kind of variable—the static
variable—that in a sense can take the place of global variables.

Blocks
A block is a
compound
statement that
declares a local
variable

In Chapter 3, you saw that a compound statement is a group of Java statements
enclosed in braces {}. The term block really means the same thing. However,
UIF UXP UFSNT UFOE UP CF VTFE JO EJGGFSFOU DPOUFYUT 8IFO ZPV EFDMBSF B
variable within a compound statement, the compound statement is usually
called a block.
If you declare a variable within a block—that is, within a compound
statement—the variable is local to the block. Recall from the previous chapter
that the portion of a program in which a variable has meaning is known as the
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WBSJBCMFTTDPQF4PUIFTDPQFPGBMPDBMWBSJBCMFFYUFOETGSPNJUTEFDMBSBUJPO
to the end of the block containing the declaration. This means that when the
block ends, all variables declared within the block disappear. You can even
use that variable’s name to name some other variable outside of the block. If
you declare a variable outside a block, you can use it both inside and outside
the block, and it will have the same meaning throughout.
RECAP Blocks
A block is the same as a compound statement, that is, a list of statements
enclosed in braces. However, we tend to use the term block when a
variable declaration occurs within the braces. The variables declared in a
block are local to the block, and so these variables disappear when the
execution of the block ends.

GOTCHA

Variables Declared in a Block

8IFO ZPV EFDMBSF B WBSJBCMF XJUIJO B CMPDL  ZPV DBOOPU VTF UIF WBSJBCMF
PVUTJEFUIFCMPDL%FDMBSJOHUIFWBSJBCMFPVUTJEFUIFCMPDLXJMMMFUZPVVTFUIF
variable both outside and inside the block.
■

Parameters of a Primitive Type
Consider the method getPopulationIn10 for the class SpeciesFirstTry
defined in Listing 5.3. It returns the projected population of a species ten
years in the future. But what if you want the projection for five years in the
future or fifty years in the future? The method would be much more useful if
it projected the population for any given number of years into the future. To
do this, we need some way of leaving a blank in a method so that each call of
the method can fill in the blank with a different value for the number of years.
The things that serve as blanks in methods are called formal parameters, or
simply parameters. They are a bit more complicated than simple blanks, but
you will not go too far wrong if you think of them as blanks or place holders
to be filled in with some value when the method is invoked.
Let’s revise the class SpeciesFirstTry to use this new idea. The class
SpeciesSecondTry defined in Listing 5.6 includes a method called
predictPopulation that has one formal parameter called years 8IFO ZPV
invoke this method, you give it the value that you want to have substituted
for the parameter years. For example, if speciesOfTheMonth is declared to be
of type SpeciesSecondTry, you can use the method predictPopulation to
calculate the population in 12 years as follows:
int futurePopulation = speciesOfTheMonth.predictPopulation(12);

The program in Listing 5.7 is like the program in Listing 5.4, but instead it
uses the class SpeciesSecondTry and its method predictPopulation8JUIUIJT

A formal
parameter
in a method
definition
represents the
actual argument
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version of the class, we could project a population any number of years into the
GVUVSF8FDPVMEFWFOVTFBWBSJBCMFGPSUIFOVNCFSPGZFBST BTGPMMPXT
System.out.println("Enter the projected number of years:");
int projectedYears = keyboard.nextInt();
int futurePopulation = speciesOfTheMonth.
predictPopulation(projectedYears);
System.out.println("In " + projectedYears + " years, the");
System.out.println("population will be "+ futurePopulation);

Let’s look at the definition of the method predictPopulation in more
detail. The heading, shown below, has something new:
public int predictPopulation(int years)

The word years is a formal parameter. It is a stand-in for a value that
will be plugged in when the method is called. The item that is plugged in is
called an argument, as you know from earlier chapters. In some other books,
arguments are called actual parameters. For example, in the following call,
the value 10 is an argument:
int futurePopulation =
speciesOfTheMonth.predictPopulation(10);

The argument 10 is plugged in for the formal parameter years everywhere
that years occurs in the definition of the method predictPopulation in
Listing 5.6. After that, the method invocation proceeds as in all previous
method invocations you have seen.
/PUJDF UIBU POMZ UIF value of the argument is used in this substitution
process. If the argument in a method invocation is a variable, only the value
of the variable is plugged in, not the variable name. For example, consider
the following, which might occur in some program that uses the class
SpeciesSecondTry:
SpeciesSecondTry mySpecies = new SpeciesSecondTry();
int yearCount = 12;
int futurePopulation =
mySpecies.predictPopulation(yearCount);

Java passes
arguments to a
method using
call-by-value

In this case, it is the value 12, not the variable yearCount, that is plugged in for the
formal parameter years in the definition of the method predictPopulation.
Because only the value of the argument is used, this way of plugging in
arguments for formal parameters is known as the call-by-value mechanism. In
Java, this is the only mechanism used for parameters of a primitive type, such
as int, double, and char. As you will eventually see, parameters of a class type
involve a somewhat different substitution mechanism, but for now, we are
concerned only with parameters and arguments of primitive types.
The exact details of this parameter substitution are a bit more complicated
UIBO XIBU XF IBWF EFTDSJCFE TP GBS 6TVBMMZ  ZPV OFFE OPU CF DPODFSOFE
with these extra details, but occasionally, you will need to know how the
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TVCTUJUVUJPONFDIBOJTNBDUVBMMZXPSLT4PIFSFBSFUIFFYBDUUFDIOJDBMEFUBJMT
The formal parameter that occurs in the method definition is a local variable Parameters are
that is initialized to the value of the argument given in the method invocation. local variables
For example, the parameter years of the method predictPopulation in
Listing 5.6 is a local variable of that method, and int years is its declaration.
(JWFOUIFNFUIPEDBMM 
int futurePopulation =
mySpecies.predictPopulation(yearCount);

the local variable years is set equal to the value of the argument yearCount.
The effect is the same as if the method definition began as follows:
public int predictPopulation(int years)
{
This is the effect of plugging in the
years = yearCount;
argument yearCount
int result = 0;
double populationAmount = population;
int count = years;
. . .

LISTING 5.6 A Method That Has a Parameter
import java.util.Scanner;
public class SpeciesSecondTry
{

We will give an even better version of
the class later in the chapter.

<The declarations of the instance variables name, population,
and growthRate are the same as in Listing 5.3.>
<The definitions of the methods readInput and writeOutput
are the same as in Listing 5.3.>
/**
Returns the projected population of the receiving object
after the specified number of years.
*/
public int predictPopulation(int years)
{
int result = 0;
double populationAmount = population;
int count = years;
while ((count > 0) && (populationAmount > 0))
{
populationAmount = (populationAmount +
(growthRate / 100) * populationAmount);
count−−;
}
if (populationAmount > 0)
result = (int)populationAmount;
return result;
}
}
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RECAP Parameter Names Are Local to the Method
In Java, you can choose the name of a method’s formal parameter
without any concern that this name will be the same as an identifier used
in some other method. Formal parameters are really local variables, and
so their meanings are confined to their respective method definitions.

Parameters have
a type

Automatic type
casting

The data type of a formal parameter in a method heading is written before
the parameter. In our example, the data type of the parameter years is int.
Every formal parameter has a data type, and the argument that is plugged
in for the parameter in a method invocation must match the type of the
parameter. Thus, for the method predictPopulation, the argument we give
in parentheses when we invoke the method must be of type int.
This rule is not as strict in practice as we have just implied. In many cases, Java
will perform an automatic type conversion—a type cast—if you use an argument
in a method call that does not match the type of the formal parameter exactly. For
example, if the type of the argument in a method call is int and the type of the
parameter is double, Java will convert the value of type int to the corresponding
value of type double. The following list shows the type conversions that will be
performed for you automatically. An argument in a method invocation that is of
any of these types will automatically be converted to any of the types that appear
to its right if that is needed to match a formal parameter:1
byte→short→int→long→float→double

/PUF UIBU UIJT MJTU JT FYBDUMZ UIF TBNF BT UIF POF VTFE GPS BVUPNBUJD UZQF
casting for variables, which we discussed in Chapter 2. Thus, we can express
the automatic type casting for both arguments and variables as one rule: You
can use a value of any of the listed types anywhere that Java expects a value of
a type further down on the list.
4PGBS PVSEJTDVTTJPOPGQBSBNFUFSTIBTJOWPMWFENFUIPETUIBUSFUVSOBWBMVF 
but everything we have said about formal parameters and arguments applies to void
RECAP Parameters of a Primitive Type
In a method definition, a formal parameter is given in the heading,
within the parentheses right after the method name. A formal
(continued)

1
An argument of type char will also be converted to a matching number type if the formal parameter is of type int or any type to the right of int in our list of types. However,
we do not advocate using this feature.
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parameter of a primitive type—such as int, double, or char—is a local
variable.
When a method is invoked, each parameter is initialized to the value of the
corresponding argument in the method invocation. This type of substitution
is known as the call-by-value parameter mechanism. The argument in a
method invocation can be a literal constant, such as 2 or
'A'; a variable; or any expression that yields a value of the appropriate
type.
Note that if you use a variable of a primitive type as an argument in a
method invocation, the method invocation cannot change the value of
this argument variable.

methods as well: void methods can have formal parameters, which are handled in
exactly the same way as we just described for methods that return a value.
It is possible, even common, to have more than one formal parameter
in a method definition. In that case, each formal parameter is listed in the
method heading, and each parameter is preceded by a data type. For example,
the following might be the heading of a method definition:

Several
parameters are
possible in a
method

public void doStuff(int n1, int n2, double cost, char code)

Even if more than one parameter has the same
type, each parameter must be preceded by a type
name.
The number of arguments given in a method
invocation must be exactly the same as the
number of formal parameters in the heading of
the method definition. For example, the following
might be an invocation of our hypothetical method
doStuff:
anObject.doStuff(42, 100, 9.99, Z);

ASIDE Use of the Terms Parameter and
Argument
Our use of the terms parameter and argument
is consistent with common usage. We use
parameter to describe the definition of the
data type and variable inside the header of
a method and argument to describe items
passed into a method when it is invoked.
However, people often use these terms
interchangeably. Some people use the term
parameter both for what we call a formal
parameter and for what we call an argument.
Other people use the term argument both
for what we call a formal parameter and for
what we call an argument. When you see the
term parameter or argument in other books,
you must figure out its exact meaning from
the context.

As suggested by this example, the correspondence
is one of order and type. The first argument in the
method call is plugged in for the first parameter
in the method definition heading, the second
argument in the method call is plugged in for the
second parameter in the heading of the method
definition, and so forth. Each argument must
match its corresponding parameter in data type,
except for the automatic type conversions that we discussed earlier.
One word of warning: Parameters of a class type behave differently from Arguments must
QBSBNFUFSTPGBQSJNJUJWFUZQF8FXJMMEJTDVTTQBSBNFUFSTPGBDMBTTUZQFMBUFS match parameters
in this chapter.
in number, order,
and type
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RECAP Correspondence Between Formal Parameters and
Arguments
Within a method definition, formal parameters are given within the
parentheses after the method name. In a method invocation, arguments
are given within the parentheses after the method name. Arguments
must match the formal parameters in the method heading with respect
to their number, their order, and their data types.

VideoNote
Writing and invoking
methods

The arguments are plugged in for their corresponding formal parameters.
The first argument in the method invocation is plugged in for the first
parameter in the method definition, the second argument in the method
invocation is plugged in for the second parameter in the method definition,
and so forth. Arguments should be of the same types as their corresponding
formal parameters, although in some cases, Java will perform an automatic
type conversion when the types do not match exactly.

RECAP Class Definitions
SYNTAX
public class Class_Name
{
Instance_Variable_Declarations
...
Method_Definitions
}

Although this is the form we will use most often, you are also allowed to
intermix the method definitions and the instance variable declarations.

RECAP Method Headings
SYNTAX
The method headings we have seen thus far are all of the form
public Type_Name_Or_void

Method_Name(Parameter_List)

The Parameter_List is a list of formal parameter names, each preceded by
a data type. If the list has more than one entry, the entries are separated
by commas. A method might have no parameters at all, in which case
nothing is inside the parentheses.
(continued)

5.2 Information Hiding and Encapsulation
EXAMPLES
public
public
public
public

double getTotal(double price, double tax)
void setValue(int count, char rating)
void readInput()
int predictPopulation(int years)

The syntax for a complete method definition is given on page 277.

S E L F-TE S T QU E S TIO N S
  8IBU JT UIF EJGGFSFODF CFUXFFO UIF VORVBMJGJFE UFSN parameter and the
term formal parameter?
 %FGJOFBNFUIPEDBMMFEgetDensity that could be added to the definition
of the class SpeciesSecondTry in Listing 5.6. This method has one
parameter of type double that is named area. The parameter area gives
the area occupied by the species, expressed in square miles. The method
getDensity returns a value of type double that is equal to the number of
individuals per square mile of the species. You can assume that the area is
always greater than zero. (Hint: The definition is very short.)
 %FGJOF B NFUIPE DBMMFE changePopulation that could be added to the
definition of the class SpeciesSecondTry in Listing 5.6. This method has
one parameter of type double that is named area. The parameter area
gives the area occupied by the species, expressed in square miles. The
method changePopulation changes the value of the instance variable
population so that there will be two individuals per square mile.
 %FGJOF B NFUIPE DBMMFE changePopulation that could be added to the
definition of the class SpeciesSecondTry in Listing 5.6. This method has
two parameters. One parameter, named area, is of type double and gives
the area occupied by the species in square miles. The other parameter,
named numberPerMile, is of type int and gives the desired number of
individuals per square mile. The method changePopulation changes
the value of the instance variable population so that the number of
individuals per square mile is (approximately) equal to numberPerMile.

5.2 INFORMATION HIDING AND ENCAPSULATION
The cause is hidden, but the result is well known.
—OVID, METAMORPHOSE
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Never tell people how to do things. Tell them what to do and they will surprise you with their ingenuity.
—GEORGE S. PATTON

*OGPSNBUJPO IJEJOH TPVOET BT UIPVHI JU DPVME CF B CBE UIJOH UP EP 8IBU
advantage could hiding information have? As it turns out, in computer science
hiding certain kinds of information is considered a good programming
technique, one that makes the programmer’s job simpler and the programmer’s
code easier to understand. It is basically a way to avoid “information overload.”

Information Hiding

Separate the
what from the
how

A programmer who is using a method that you have defined does not need
to know the details of the code in the body of the method definition to
be able to use the method. If a method—or other piece of software—is
well written, a programmer who uses the method need only know what the
method accomplishes and not how the method accomplishes its task. For
example, you can use the Scanner method nextInt without even looking at
the definition of that method. It is not that the code contains some secret that
is forbidden to you. The point is that viewing the code will not help you use
the method, but it will give you more things to keep track of, which could
distract you from your programming tasks.
%FTJHOJOHBNFUIPETPUIBUJUDBOCFVTFEXJUIPVUBOZOFFEUPVOEFSTUBOE
the fine detail of the code is called information hiding. The term emphasizes the
fact that the programmer acts as though the body of the method were hidden
from view. If the term information hiding sounds too negative to you, you can use
the term abstraction. The two terms mean the same thing in this context. This use
of the term abstractionTIPVMEOPUCFTVSQSJTJOH8IFOZPVBCTUSBDUTPNFUIJOH 
you lose some of the details. For example, an abstract of a paper or a book is a
brief description of the paper or book, as opposed to the entire document.

■ PROGRAMMING TIP

When You Design a Method, Separate
What from How

.FUIPETTIPVMECFTFMGDPOUBJOFEVOJUTUIBUBSFEFTJHOFETFQBSBUFMZGSPNUIF
incidental details of other methods and separately from any program that uses
the method. A programmer who uses a method should need only know what
the method does, not how it does it.
■

Precondition and Postcondition Comments

A precondition
states a method’s
requirements

An efficient and standard way to describe what a method does is by means
of specific kinds of comments known as preconditions and postconditions.
A method’s precondition comment states the conditions that must be true
before the method is invoked. The method should not be used, and cannot be
expected to perform correctly, unless the precondition is satisfied.

5.2 Information Hiding and Encapsulation

The postcondition comment describes all the effects produced by a
method invocation. The postcondition tells what will be true after the method
is executed in a situation in which the precondition holds. For a method
that returns a value, the postcondition will include a description of the value
returned by the method.
For example, the following shows some suitable precondition and
postcondition comments for the method writeOutput shown in Listing 5.3:
/**
Precondition: The instance variables of the calling
object have values.
Postcondition: The data stored in (the instance variables
of) the receiving object have been written to the screen.

*/
public void writeOutput()

The comments for the method predictPopulation in Listing 5.6 can be
expressed as follows:
/**
Precondition: years is a nonnegative number.
Postcondition: Returns the projected population of the
receiving object
after the specified number of years.

*/
public int predictPopulation(int years)

If the only postcondition is a description of the value returned,
programmers usually omit the word postcondition. The previous comment
would typically be written in the following alternative way:
/**
Precondition: years is a nonnegative number.
Returns the projected population of the receiving object
after the specified number of years.

*/
public int predictPopulation(int years)

4PNFEFTJHOTQFDJGJDBUJPOTNBZSFRVJSFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPS
all methods. Others omit explicit preconditions and postconditions from certain
NFUIPET XIPTF OBNFT NBLF UIFJS BDUJPO PCWJPVT /BNFT TVDI BT readInput,
writeOutput, and set are often considered self-explanatory. However, the sound
rule to follow is to adhere to whatever guidelines your instructor or supervisor
gives you, and when in doubt, add preconditions and postconditions.
4PNF QSPHSBNNFST QSFGFS OPU UP VTF UIF XPSET precondition and
postcondition in their comments. However, you should always think in terms
of preconditions and postconditions when writing method comments. The
really important thing is not the words precondition and postcondition, but
UIFDPODFQUTUIFZOBNF/PUFUIBUQSFDPOEJUJPOBOEQPTUDPOEJUJPODPNNFOUT
are examples of assertions.
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effect
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The public and private Modifiers
Any class can
use a public
class, method, or
instance variable

As you know, the modifier public, when applied to a class, method, or
instance variable, means that any other class can directly use or access the
class, method, or instance variable by name. For example, the program in
Listing 5.7 contains the following three lines, which set the values of the
public instance variables for the object speciesOfTheMonth:
speciesOfTheMonth.name = "Klingon ox";
speciesOfTheMonth.population = 10;
speciesOfTheMonth.growthRate = 15;

LISTING 5.7 Using a Method That Has a Parameter
/**
Demonstrates the use of a parameter
with the method predictPopulation.
*/
public class SpeciesSecondTryDemo
{
public static void main(String[] args)
{
SpeciesSecondTry speciesOfTheMonth = new
SpeciesSecondTry();
System.out.println("Enter data on the Species of the " +
"Month:");
speciesOfTheMonth.readInput();
speciesOfTheMonth.writeOutput();
int futurePopulation =
speciesOfTheMonth.predictPopulation(10);
System.out.println("In ten years the population will be " +
futurePopulation);
//Change the species to show how to change
//the values of instance variables:
speciesOfTheMonth.name = "Klingon ox";
speciesOfTheMonth.population = 10;
speciesOfTheMonth.growthRate = 15;
System.out.println("The new Species of the Month:");
speciesOfTheMonth.writeOutput();
System.out.println("In ten years the population will be " +
speciesOfTheMonth.predictPopulation(10));
}
}

Sample Screen Output
The output is exactly the same
as in Listing 5.4.

5.2 Information Hiding and Encapsulation
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The object speciesOfTheMonth is an object of the class SpeciesSecondTry,
whose definition appears in Listing 5.6. As you can see by looking at that
class definition, the instance variables name, population, and growthRate
all have the modifier public, and so the preceding three statements are
perfectly valid.
8IJMF JU JT OPSNBM UP IBWF QVCMJD DMBTTFT BOE NFUIPET  JU JT not a
good programming practice to make the instance variables of a class
public. Typically, all instance variables should be private. You make an
instance variable private by using the modifier private instead of the Instance variables
modifier public. The keywords public and private are examples of access should be private
modifiers.
4VQQPTFUIBUXFDIBOHFUIFNPEJGJFSUIBUJTCFGPSFUIFJOTUBODFWBSJBCMF
name in the definition of the class SpeciesSecondTry in Listing 5.6 from
public to private so that the class definition begins as follows:
public class SpeciesSecondTry
{
private String name; //Private!
public int population;
public double growthRate;

8JUIUIJTDIBOHF UIFGPMMPXJOH+BWBTUBUFNFOUJO-JTUJOHJTJOWBMJE
speciesOfTheMonth.name = "Klingon ox"; //Invalid when private.

The following two statements remain valid, because we left the modifiers of
population and growthRate as public:
speciesOfTheMonth.population = 10;
speciesOfTheMonth.growthRate = 15;

8IFOBOJOTUBODFWBSJBCMFJTQSJWBUF JUTname is not accessible outside of
the class definition. Even so, you can still use its name in any way you wish
within any method inside the class definition. In particular, you can directly
change the value of the instance variable. Outside of the class definition,
however, you cannot make any direct reference to the instance variable’s
name.
For example, let’s make the three instance variables in the class
SpeciesSecondTry private, but leave the method definitions unchanged. The
result is shown in Listing 5.8 as the class SpeciesThirdTry. Because the
instance variables are all private, the last three of the following statements
would be invalid within any class other than the class SpeciesThirdTry:
SpeciesThirdTry secretSpecies = new SpeciesThirdTry();
//Valid
secretSpecies.readInput(); //Valid
secretSpecies.name = "Aardvark"; //Invalid
System.out.println(secretSpecies.population); //Invalid
System.out.println(secretSpecies.growthRate); //Invalid

Private instance
variables are
accessible by
name only within
their own class
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LISTING 5.8 A Class with Private Instance Variables
import java.util.Scanner;
public class SpeciesThirdTry
{
private String name;
private int population;
private double growthRate;

We will give an even better
version of this class later in
the chapter.

<The definitions of the methods readInput, writeOutput, and
predictPopulation are the same as in Listing 5.3 and
Listing 5.6.>
}

/PUJDF  IPXFWFS  UIBU UIF JOWPDBUJPO PG UIF NFUIPE readInput JT WBMJE 4P
there is still a way to set the instance variables of an object, even though those
JOTUBODFWBSJBCMFTBSFQSJWBUF8JUIJOUIFEFGJOJUJPOPGUIFNFUIPEreadInput
(shown in Listing 5.3) are assignment statements such as
name = keyboard.nextLine();

and
population = keyboard.nextInt();

Private methods
are called only
within their own
class.

that set the value of instance variables. Thus, making an instance variable private
does not mean that you cannot change it. It means only that you cannot use the
instance variable’s name to refer directly to the variable anywhere outside of the
class definition.
.FUIPETDBOBMTPCFQSJWBUF*GBNFUIPEJTNBSLFEprivate, it cannot be
invoked outside of the class definition. However, a private method can still be
JOWPLFEXJUIJOUIFEFGJOJUJPOPGBOZPUIFSNFUIPEJOUIBUTBNFDMBTT.PTU
methods are public, but if you have a method that will be used only within
the definition of other methods of that class, it makes sense to make this
iIFMQJOHw NFUIPE QSJWBUF 6TJOH QSJWBUF NFUIPET JT BOPUIFS XBZ PG IJEJOH
implementation details within the class.
Classes themselves can be private as well, but we will not discuss that
until Chapter 12.
RECAP The public and private Modifiers
Within a class definition, each instance variable declaration and each
method definition, as well as the class itself, can be preceded by either
public or private. These access modifiers specify where a class, instance
variable, or method can be used. If an instance variable is private, its
name cannot be used to access it outside of the class definition. However,
it can be used within the definitions of methods in its class. If an instance
variable is public, there are no restrictions on where you can use its name.
(continued)

5.2 Information Hiding and Encapsulation
If a method definition is private, the method cannot be invoked
outside of the class definition. However, it can be invoked within the
definitions of methods in its class. If the method is public, you can invoke
it anywhere without restriction.
Normally, all instance variables are private and most methods are public.

■ PROGRAMMING TIP

Instance Variables Should Be Private

You should make all the instance variables in a class private. By doing so,
you force the programmer who uses the class—whether that person is you or
someone else—to access the instance variables only via the class’s methods.
This allows the class to control how a programmer looks at or changes the
instance variables. The next programming example illustrates why making
instance variables private is important.
■

PROGRAMMING EXAMPLE

A Demonstration of Why
Instance Variables Should
Be Private

Listing 5.9 shows a simple class of rectangles. It has three private instance
variables to represent a rectangle’s width, height, and area. The method
setDimensions sets the width and height, and the method getArea returns
the rectangle’s area.
LISTING 5.9 A Class of Rectangles
/**
Class that represents a rectangle.
*/
public class Rectangle
{
private int width;
private int height;
private int area;
public void setDimensions(int newWidth, int newHeight)
{
width = newWidth;
height = newHeight;
area = width * height;
}
public int getArea()
{
return area;
}
}
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You might use the class Rectangle in the following way:
Rectangle box = new Rectangle( );
box.setDimensions(10, 5);
System.out.println("The area of our rectangle is " +
box.getArea());

The output from these statements would be
The area of our rectangle is 50
Public instance
variables can lead
to the corruption
of an object’s
data

8IBU XPVME IBQQFO JG UIF UISFF JOTUBODF WBSJBCMFT JO Rectangle were
public instead of private? After creating a 10-by-5 rectangle box, you would be
BCMFUPDIBOHFUIFWBMVFPGBOZPSBMMPGUIFJOTUBODFWBSJBCMFT4PXIJMF area
is 50, you could change width, for example, to 6 by writing
box.width = 6; //You could do this if width were public.

Private instance
variables enable
the class to
restrict how they
are accessed or
changed

If you then called getArea, you would still get 50 as the area, instead of the
new area, 30. By making the instance variables in Rectangle public, we create
the possibility that the instance variable area will be unequal to width *
height.BLJOHUIFJOTUBODFWBSJBCMFTQSJWBUFFOBCMFTZPVUPSFTUSJDUIPXUIFZ
are accessed or changed.

GOTCHA

VideoNote
Investigating public and
private access

Public Instance Variables Can Lead to the Corruption of
a Class’s Data

The previous programming example shows how the ability to change an
instance variable directly by name can cause inconsistent data within an object.
4JODF QVCMJD JOTUBODF WBSJBCMFT QSPWJEF UIJT BCJMJUZ  BMXBZT NBLF JOTUBODF
variables private.
■

PROGRAMMING EXAMPLE

Another Implementation of a
Class of Rectangles

Let’s look at another class, Rectangle2 in Listing 5.10, that has exactly the
same methods as the previous class Rectangle, but implements them in a
slightly different way. Our new class computes the area of the rectangle only
when the method getArea is called. Additionally, the area is not saved in an
instance variable.
/PUJDF UIBU ZPV XPVME VTF UIF DMBTT Rectangle2 in the same way
that you would use Rectangle. The only change you would make to the
three statements that we wrote in the previous programming example to
demonstrate Rectangle would be to replace Rectangle with Rectangle2:

5.2 Information Hiding and Encapsulation
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Rectangle2 box = new Rectangle2( );
box.setDimensons(10, 5);
System.out.println("The area of our rectangle is " +
box.getArea());

That is, you invoke the methods in the same way, and they have the same
behavior, regardless of their class.

REMEMBER Implementation Should Not Affect Behavior
Two classes can have the same behavior but different implementations.

8F IBWF UXP DMBTTFTRectangle and Rectangle2—that behave in the
same way. That is, what they do is the same, but how they perform their tasks
differs. In Rectangle2, the method getArea, computes and then returns the
area without saving it. Rectangle, however, has an instance variable—area—
for the rectangle’s area. The method setDimensions in Rectangle computes
the area and stores it in area. The method getArea then simply returns the
value in the instance variable area.
Is one of these two classes “better” than the other? The answer depends
PO XIBU XF NFBO CZ iCFUUFSw BOE IPX XF VTF UIF DMBTT 8F DBO NBLF UIF
following observations:
t Rectangle uses more memory than Rectangle2 because it has an
additional instance variable.
t Rectangle always computes the area, even if it is not needed.
LISTING 5.10 Another Class of Rectangles
/**
Another class that represents a rectangle.
*/
public class Rectangle2
{
private int width;
private int height;
public void setDimensions(int newWidth, int newHeight)
{
width = newWidth;
height = newHeight;
}
public int getArea()
{
return width * height;
}
}

Classes can
define the same
behaviors but
have different
implementations
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The implication of our second observation is that using Rectangle could
require more computer time than using Rectangle2. To appreciate this, you
need to imagine that both classes have several more methods, so that not
invoking getArea is a real possibility. If you rarely ask for the area of a
particular rectangle, using Rectangle2 saves you both execution time and
memory. However, if you repeatedly invoke getArea for a particular rectangle,
using Rectangle will save you execution time because it computes the area
only once.

REMEMBER Implementation Can Affect Efficiency
The way you implement a class can affect its execution time and memory
requirements.

Accessor Methods and Mutator Methods
An accessor
method retrieves
data in an object

A mutator
method changes
data in an object

.BLJOHBMMJOTUBODFWBSJBCMFTQSJWBUFEPFTDPOUSPMBDDFTTUPUIFN CVUXIBUJG
you have a legitimate reason to access an instance variable? For these cases,
you should provide accessor methods. An accessor method or get method,
or getter, is simply a method that allows you to look at data contained in an
instance variable. In Listing 5.11, we have rewritten the class for a species yet
another time. This version has accessor methods for obtaining the value of
each instance variable. The names of these methods start with the word get,
as in getName.
Accessor methods allow you to look at the data in a private instance
variable. Other methods, known as mutator methods, or set methods, or
setters, allow you to change the data stored in private instance variables. Our
class definition has a mutator method, called setSpecies, for setting the
instance variables to new values. The program in Listing 5.12 illustrates the
use of the mutator method setSpecies. That program is similar to the one in
Listing 5.7, but because this version of our species class has private instance
variables, we must use the mutator method setSpecies to reset the values of
the instance variables.
%FGJOJOHBDDFTTPSNFUIPETBOENVUBUPSNFUIPETNJHIUBQQFBSUPEFGFBU
the purpose of making instance variables private, but that is not true. A
mutator method can check that any change is appropriate and warn the user
of a problem. For example, the mutator method setSpecies checks to see
whether the program inadvertently tries to set population equal to a negative
number.

5.2 Information Hiding and Encapsulation

LISTING 5.11 A Class with Accessor and Mutator Methods
import java.util.Scanner;
public class SpeciesFourthTry
{
private String name;
private int population;
private double growthRate;

Yes, we will define an even better
version of this class later.

<The definitions of the methods readInput, writeOutput, and
predictPopulation go here. They are the same as in Listing
5.3 and Listing 5.6.>
public void setSpecies(String newName, int newPopulation,
double newGrowthRate)
{
name = newName;
if (newPopulation >= 0)
population = newPopulation;
else
{
System.out.println(
"ERROR: using a negative population.");
System.exit(0);
}
growthRate = newGrowthRate;
}
public String getName()
{
return name;
}
A mutator method can check
public int getPopulation()
to make sure that instance
{
variables are set to proper values.
return population;
}
public double getGrowthRate()
{
return growthRate;
}
}

The names of these methods need not involve get and set; you can use
any method name that is convenient. For example, you might prefer to give
them names such as retrieveValue, reset, or giveNewValues. However, it
is traditional to begin the names of accessor methods with get and mutator
methods with set.
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LISTING 5.12 Using a Mutator Method (part 1 of 2)
import java.util.Scanner;
/**
Demonstrates the use of the mutator method setSpecies.
*/
public class SpeciesFourthTryDemo
{
public static void main(String[] args)
{
SpeciesFourthTry speciesOfTheMonth =
new SpeciesFourthTry();
System.out.println("Enter number of years to project:");
Scanner keyboard = new Scanner(System.in);
int numberOfYears = keyboard.nextInt();
System.out.println(
"Enter data on the Species of the Month:");
speciesOfTheMonth.readInput();
speciesOfTheMonth.writeOutput();
int futurePopulation =
speciesOfTheMonth.predictPopulation(numberOfYears);
System.out.println("In " + numberOfYears +
" years the population will be " +
futurePopulation);
//Change the species to show how to change
//the values of instance variables:
speciesOfTheMonth.setSpecies("Klingon ox", 10, 15);
System.out.println("The new Species of the Month:");
speciesOfTheMonth.writeOutput();
futurePopulation =
speciesOfTheMonth.predictPopulation(numberOfYears);
System.out.println("In " + numberOfYears +
" years the population will be " +
futurePopulation);
}
}

Sample Screen Output
Enter number of years to project:
10
Enter data on the Species of the Month:
What is the species' name?
Ferengie fur ball

(continued)

5.2 Information Hiding and Encapsulation

LISTING 5.12 Using a Mutator Method (part 2 of 2)
What is the population of the species?
1000
Enter growth rate (% increase per year):
-20.5
Name = Ferengie fur ball
Population = 1000
Growth rate = -20.5%
In 10 years the population will be 100
The new Species of the Month:
Name = Klingon ox
Population = 10
Growth rate = 15.0%
In 10 years the population will be 40

RECAP Accessor and Mutator Methods
A public method that returns data from a private instance variable is
called an accessor method, a get method, or a getter. The names of
accessor methods typically begin with get. A public method that changes
the data stored in one or more private instance variables is called a
mutator method, a set method, or a setter. The names of mutator
methods typically begin with set.

S E L F-TE S T QU E S TIO N S
13. In Listing 5.12, we set the data for the object speciesOfTheMonth as
follows:
speciesOfTheMonth.setSpecies("Klingon ox", 10, 15);

Could we have used the following code instead?
speciesOfTheMonth.name = "Klingon ox";
speciesOfTheMonth.population = 10;
speciesOfTheMonth.growthRate = 15;

If we could have used this alternative code, why didn’t we? If we could not
have used this alternative code, explain why we could not use it.
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 (JWF QSFDPOEJUJPOT BOE QPTUDPOEJUJPOT GPS UIF GPMMPXJOH NFUIPE 
assuming that it is in the class SpeciesFourthTry in Listing 5.11:
public void updatePopulation()
{
population = (int)(population + (growthRate / 100) *
population);
}

 8IBUJTBOBDDFTTPSNFUIPE 8IBUJTBNVUBUPSNFUIPE
 (JWFUIFDPNQMFUFEFGJOJUJPOPGBDMBTTDBMMFEPerson that has two instance
variables, one for the person’s name and the other for the person’s
age. Include accessor methods and mutator methods for each instance
variable. Also, include a method that sets both the name and age of a
person. There are no other methods.

PROGRAMMING EXAMPLE

A Purchase Class

Listing 5.13 contains a class for a single purchase of multiple identical items,
such as 12 apples or 2 quarts of milk. It is designed to be part of a program
used at the checkout stand of a supermarket. Recall that supermarkets often
give prices for a group of items, such as 5 for $1.25 or 3 for $1.00, instead of
the price for one item. They hope that if they price apples at 5 for $1.25, you
will buy 5 apples instead of 2. But 5 for $1.25 is really $0.25 each, and if you
buy 2 apples, they charge you only $0.50.
The instance variables are as follows:
private String name;
private int groupCount; //Part of a price, like the 2
// in 2 for $1.99.
private double groupPrice;//Part of a price, like the $1.99
//in 2 for $1.99.
private int numberBought;//Number of items bought.

Let’s explain the meaning of these instance variables by giving an example. If
you buy 12 apples at 5 for $1.25, name has the value "apples", groupCount
has the value 5, groupPrice has the value 1.25, and numberBought has the
WBMVF  /PUF UIBU UIF QSJDF PG  GPS  JT TUPSFE JO UIF UXP JOTUBODF
variables groupCount—for the 5—and groupPrice—for the $1.25.
Consider the method getTotalCost, for example. The total cost of the
purchase is calculated as
(groupPrice / groupCount) * numberBought

5.2 Information Hiding and Encapsulation

LISTING 5.13 The Purchase Class (part 1 of 3)
import java.util.Scanner;
/**
Class for the purchase of one kind of item, such as 3 oranges.
Prices are set supermarket style, such as 5 for $1.25.
*/
public class Purchase
{
private String name;
private int groupCount;
//Part of a price, like the 2 in
//2 for $1.99.
private double groupPrice; //Part of a price, like the $1.99
// in 2 for $1.99.
private int numberBought;
//Number of items bought.
public void setName(String newName)
{
name = newName;
}
/**
Sets price to count pieces for $costForCount.
For example, 2 for $1.99.
*/
public void setPrice(int count, double costForCount)
{
if ((count <= 0) || (costForCount <= 0))
{
System.out.println("Error: Bad parameter in " +
"setPrice.");
System.exit(0);
}
else
{
groupCount = count;
groupPrice = costForCount;
}
}
public void setNumberBought(int number)
{
if (number <= 0)
{
System.out.println("Error: Bad parameter in " +
"setNumberBought.");
System.exit(0);
}
else
numberBought = number;
}

(continued)
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LISTING 5.13 The Purchase Class (part 2 of 3)
/**
Reads from keyboard the price and number of a purchase.
*/
public void readInput()
{
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter name of item you are purchasing:");
name = keyboard.nextLine();
System.out.println("Enter price of item as two numbers.");
System.out.println("For example, 3 for $2.99 is entered as");
System.out.println("3 2.99");
System.out.println("Enter price of item as two numbers, " +
"now:");
groupCount = keyboard.nextInt();
groupPrice = keyboard.nextDouble();
while ((groupCount <= 0) || (groupPrice <= 0))
{ //Try again:
System.out.println("Both numbers must " +
"be positive. Try again.");
System.out.println("Enter price of " +
"item as two numbers.");
System.out.println("For example, 3 for " +
"$2.99 is entered as");
System.out.println("3 2.99");
System.out.println(
"Enter price of item as two numbers, now:");
groupCount = keyboard.nextInt();
groupPrice = keyboard.nextDouble();
}
System.out.println("Enter number of items purchased:");
numberBought = keyboard.nextInt();
while (numberBought <= 0)
{ //Try again:
System.out.println("Number must be positive. " +
"Try again.");
System.out.println("Enter number of items purchased:");
numberBought = keyboard.nextInt();
}
}

(continued)
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LISTING 5.13 The Purchase Class (part 3 of 3)
/**
Displays price and number being purchased.
*/
public void writeOutput()
{
System.out.println(numberBought + " " + name);
System.out.println("at " + groupCount +
" for $" + groupPrice);
}
public String getName()
{
return name;
}
public double getTotalCost()
{
return (groupPrice / groupCount) * numberBought;
}
public double getUnitCost()
{
return groupPrice / groupCount;
}
public int getNumberBought()
{
return numberBought;
}
}

If this purchase is 12 apples at 5 for $1.25, the total cost is
(1.25 / 5) * 12
Also notice the methods readInput, setPrice, and setNumberBought. All
of these methods check for negative numbers when it does not make sense to
have a negative number, such as when the user enters the number purchased.
A simple demonstration program that uses this class is given in Listing 5.14.
LISTING 5.14 Use of the Purchase Class (part 1 of 2)
public class PurchaseDemo
{
public static void main(String[] args)
{
Purchase oneSale = new Purchase();
oneSale.readInput();

(continued)

309

310

CHAPTER 5 / Defining Classes and Methods

LISTING 5.14 Use of the Purchase Class (part 2 of 2)
oneSale.writeOutput();
System.out.println("Cost each $" + oneSale.getUnitCost());
System.out.println("Total cost $" +
oneSale.getTotalCost());
}
}

Sample Screen Output
Enter name of item you are purchasing:
pink grapefruit
Enter price of item as two numbers.
For example, 3 for $2.99 is entered as
3 2.99
Enter price of item as two numbers, now:
4 5.00
Enter number of items purchased:
0
Number must be positive. Try again.
Enter number of items purchased:
3
3 pink grapefruit
at 4 for $5.0
Cost each $1.25
Total cost $3.75

Methods Calling Methods
A method body can contain an invocation of another method. The situation
for this sort of method call is exactly the same as it would be if the method call
had occurred in the main method of a program. However, if the called method
is in the same class, it is typically invoked without writing any receiving object.
This is true regardless of whether the called method is public or private.
Listing 5.15 contains the definition of a class called Oracle. The method
chat of this class conducts a dialogue with the user that answers a series of
POFMJOFRVFTUJPOTUIBUUIFVTFSBTLT/PUJDFUIBUUIFEFGJOJUJPOPGUIFNFUIPE
chat contains a call to the method answer, which is also a method in the class
Oracle. If you look at the definition of the method answer, you will see that it
in turn includes calls to two other methods, seekAdvice and update, both of
which are also in the class Oracle.
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LISTING 5.15 Methods Calling Other Methods
import java.util.Scanner;
public class Oracle
{
private String oldAnswer = "The answer is in your heart.";
private String newAnswer;
private String question;
public void chat()
{
System.out.print("I am the oracle. ");
System.out.println("I will answer any one-line question.");
Scanner keyboard = new Scanner(System.in);
String response;
do
{
answer();
System.out.println("Do you wish to ask " +
"another question?");
response = keyboard.next();
} while (response.equalsIgnoreCase("yes"));
System.out.println("The oracle will now rest.");
}
private void answer()
{
System.out.println("What is your question?");
Scanner keyboard = new Scanner(System.in);
question = keyboard.nextLine();
seekAdvice();
System.out.println("You asked the question:");
System.out.println(" " + question);
System.out.println("Now, here is my answer:");
System.out.println(" " + oldAnswer);
update();
}
private void seekAdvice()
{
System.out.println("Hmm, I need some help on that.");
System.out.println("Please give me one line of advice.");
Scanner keyboard = new Scanner(System.in);
newAnswer = keyboard.nextLine();
System.out.println("Thank you. That helped a lot.");
}
private void update()
{
oldAnswer = newAnswer;
}
}
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Let’s first consider the invocation of the method answer within the
definition of the method chat /PUF UIBU UIF NFUIPE OBNFE answer is not
preceded by an object and a dot. The receiving object is understood to be the
receiving object of the method chat. The demonstration program in Listing 5.16
creates an object named delphi of the class Oracle and then uses this object
to invoke the method chat, as follows:
delphi.chat();

4PXIFOchat calls answer, the invocation
answer();

in the definition of is understood to mean
delphi.answer();

LISTING 5.16 Oracle Demonstration Program (part 1 of 2)
public class OracleDemo
{
public static void main(String[] args)
{
Oracle delphi = new Oracle();
delphi.chat();
}
}

Sample Screen Output
I am the oracle. I will answer any one-line question.
What is your question?
What time is it?
Hmm, I need some help on that.
Please give me one line of advice.
Seek and ye shall find the answer.
Thank you. That helped a lot.
You asked the question:
What time is it?
Now, here is my answer:
The answer is in your heart.
Do you wish to ask another question?
yes
What is your question?
What is the meaning of life?
Hmm, I need some help on that.

(continued)
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LISTING 5.16 Oracle Demonstration Program (part 2 of 2)
Please give me one line of advice.
Ask the car guys.
Thank you. That helped a lot.
You asked the question:
What is the meaning of life?
Now, here is my answer:
Seek and ye shall find the answer.
Do you wish to ask another question?
no
The oracle will now rest.

8IFOZPVXSJUFUIFEFGJOJUJPOPGBNFUIPEMJLFchat, you do not know what
the name of the receiving object will be. It could be different at different
times. Because you do not—in fact, cannot—know the name of the receiving
object, you omit it. Therefore, in the definition of the class Oracle in Listing
5.15, when you write
answer();

within the definition of the method, it means
Receiving_Object. answer();

Because the keyword this means the receiving object, you can also write the
call as
this.answer();

Omitting the keyword this and a dot when you invoke a method in the
TBNFDMBTTJTOPUSFBMMZOFX8FIBWFBMSFBEZCFFOEPJOHUIJTXJUIJOTUBODF
variables. But it works only with methods in the same class. If you call a
method of one class within the definition of a method of another class, you
must include an object and a dot.2 /PUF BMTP UIBU PNJUUJOH UIF SFDFJWJOH
object is possible only if the receiving object can be expressed as this. If the
receiving object is some object that is declared and created within a method
definition, you must include the object name and dot within that method
definition.
Let’s continue with our discussion of method definitions in the class
Oracle. You can have methods that call other methods that in turn call yet

This rule about calling a method of one class within the definition of another class
does not apply to static methods, which we discuss in the next chapter. However, the
rule does apply to all the kinds of methods we have discussed thus far.
2

You typically
omit this when
calling a method
from another
method in the
same class
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Methods calling
methods calling
other methods

other methods. In the class Oracle, the definition of the method answer
includes calls to the two methods seekAdvice and update, both of which are
also in the class Oracle. As we just discussed, these calls are not preceded by
an object and a dot.
Let’s consider the following invocation from the program in Listing 5.16:
delphi.chat();

The definition of includes the invocation
answer();

which is equivalent to
this.answer();

Because the receiving object is delphi, this statement is also equivalent to the
invocation
delphi.answer();

The definition of answer includes the invocations
seekAdvice();

and
update();

which are equivalent to
this.seekAdvice();

and
this.update();

Because the receiving object again is delphi, these are also equivalent to
delphi.seekAdvice();

and
delphi.update();

You can have methods calling methods calling methods for any number
of method calls. The details are always handled just as we’ve described here.
REMEMBER Omitting the Receiving Object
When the receiving object in a method invocation is represented as the
keyword this, you can omit the this and the dot. For example, the
method
(continued)
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public void answer()
{
...
this.seekAdvice();
...
this.update();
}

is equivalent to
public void answer()
{
...
seekAdvice();
...
update();
}

■ PROGRAMMING TIP

Make Helping Methods Private

Look again at Listing 5.15. The methods answer, seekAdvice, and update
are labeled private rather than public. Recall that if a method is labeled
private, it can be called only from within the definitions of other methods of
the same class. Thus, in some other class or program, the following invocation
of the private method answer would be invalid and would produce a compiler
error message:
Oracle myOracle = new Oracle();
myOracle.answer(); //Invalid: answer is private.

where as the following call to the public method would be perfectly valid:
myOracle.chat(); //Valid.

8FNBEFUIFNFUIPET answer, seekAdvice, and update private because
they are just helping methods. A programmer using the class Oracle is not
expected to invoke these methods. They are used only within the definition
of the method chat. This means that the methods answer, seekAdvice, and
update are part of the class’s implementation and should not be available to a
user of the class. As we emphasize in the next section, entitled “Encapsulation,”
it is good programming practice to keep the implementation portion of a class
private.
■

S E L F-TE S T QU E S TIO N S
17. Can you invoke a method inside the definition of another method in the
same class?
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18. In the definition of the method in Listing 5.15, what is the effect of
changing the statement
seekAdvice();

to
this.seekAdvice();

Encapsulation
Encapsulation
groups instance
variables and
methods into a
class

In Chapter 1, we said that encapsulation involves hiding the details of how
B QJFDF PG TPGUXBSF XPSLT /PX UIBU ZPV IBWF NPSF LOPXMFEHF PG +BWB BOE
information hiding, we can expand upon this basic definition, to say that
encapsulation is the process of hiding all the details of a class definition that
are not necessary to understanding how objects of the class are used. Let’s
look at an example.
4VQQPTF ZPV XBOU UP ESJWF BO BVUPNPCJMF (JWFO UIJT UBTL  XIBU JT UIF
most useful way to describe an automobile? It clearly is not to list the number
of cylinders and explain how they go through a cycle of taking in air and
HBTPMJOF JHOJUJOHUIFHBTPMJOFoBJSNJYUVSF BOEFYQFMMJOHFYIBVTU4VDIEFUBJMT
won’t help you learn how to drive.
To a person who wants to learn to drive an automobile, the most useful
description consists of information such as the following:
t *GZPVQSFTTZPVSGPPUPOUIFBDDFMFSBUPSQFEBM UIFBVUPNPCJMFXJMMNPWF
faster.
t *GZPVQSFTTZPVSGPPUPOUIFCSBLFQFEBM UIFBVUPNPCJMFXJMMTMPXEPXO
and eventually stop.
t *GZPVUVSOUIFTUFFSJOHXIFFMUPUIFMFGUPSSJHIU UIFBVUPNPCJMFXJMMUVSO
in the same direction.

Encapsulation
hides
implementation
details

Although we can describe other details, these are perhaps the main ones and
are enough to illustrate the concept of encapsulation.
The principle of encapsulation says that, when describing an automobile
to somebody who wants to learn to drive, you should provide something
like the previous list. In the context of programming, encapsulation means
the same thing. To use a piece of software, a programmer does not need all
the details of its definition. In particular, if your piece of software is ten pages
long, the description given to another programmer who will use the software
should be much shorter than ten pages, perhaps only a half page. Of course,
that is possible only if you write your software in such a way that it lends itself
to this sort of short description.
Another analogy that may help is that an automobile has certain things
that are visible, such as the pedals and steering wheel, while other things are
hidden under the hood. The automobile is encapsulated: Only the controls
needed to drive the automobile are visible, and the details are hidden.
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4JNJMBSMZ BQJFDFPGTPGUXBSFTIPVMECFFODBQTVMBUFETPUIBUPOMZUIFOFDFTTBSZ
controls are visible and its details are hidden. The programmer who uses the
software is thus spared the bother of worrying about its internal details.
Encapsulation is important because it simplifies the job of the programmer
who uses the encapsulated software to write more software.
8FIBWFBMSFBEZEJTDVTTFETPNFPGUIFUFDIOJRVFTPGFODBQTVMBUJPOFBSMJFS
in this chapter, under the topic of information hiding. Encapsulation is a
form of information hiding. For encapsulation to be useful, a class definition
must be given in such a way that a programmer can use the class without
seeing the hidden details. Encapsulation, when done correctly, neatly divides
a class definition into two parts, which we will call the interface3 and the
implementation. The class interface tells programmers all they need to know
to use the class in their programs. The class interface consists of the headings
for the public methods and public named constants of the class, along with
comments that tell a programmer how to use these public methods and
constants.
The implementation of a class consists of all of the private elements of
the class definition, principally the private instance variables of the class,
along with the definitions of both the public methods and private methods.
/PUFUIBUUIFDMBTTJOUFSGBDFBOEUIFJNQMFNFOUBUJPOPGBDMBTTEFGJOJUJPOBSF
not separate in your Java code, but are mixed together. For example, the class
interface for the class Purchase in Listing 5.13 is highlighted. Although you
need a class’s implementation when you run a program that uses the class,
you should not need to know anything about the implementation to write the
program itself.
8IFO EFGJOJOH B DMBTT VTJOH UIF QSJODJQMF PG FODBQTVMBUJPO  ZPV NVTU
neatly separate the class interface from the implementation conceptually so
that the interface is a simplified and safe description of the class. One way to
think of this separation is to imagine a wall between the implementation and
the interface, with well-regulated communication across the wall. This wall is
JMMVTUSBUFEHSBQIJDBMMZJO'JHVSF8IFOZPVVTFFODBQTVMBUJPOUPEFGJOFB
class in this way, we say that the class is well encapsulated.
Here are some of the most important guidelines for defining a wellencapsulated class:
t 1MBDF B DPNNFOU CFGPSF UIF DMBTT EFGJOJUJPO UIBU EFTDSJCFT IPX UIF
programmer should think about the class data and methods. If the class
describes an amount of money, for example, the programmer should
think in terms of dollars and cents and not in terms of how the class
represents money. The comment in this case should be written to help the
programmer think in this way.

3
The word interface also has a technical meaning in the Java language, as you will see
JO$IBQUFS8FBSFVTJOHUIFXPSETPNFXIBUEJGGFSFOUMZXIFOXFTBZclass interface,
although in spirit, the two uses of the word interface are the same.
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A class interface
describes the
class’s public view

A class’s
implementation
is hidden from
public view
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FIGURE 5.3 A Well-Encapsulated Class Definition
Class Definition

Implementation:
Private instance variables
Private constants
Private methods
Bodies of public methods

Encapsulation
guidelines

Interface:
Comments
Headings of public methods
Public named constants

Programmer who
uses the class

t %FDMBSFBMMUIFJOTUBODFWBSJBCMFTJOUIFDMBTTBTQSJWBUF
t 1SPWJEF QVCMJD BDDFTTPS NFUIPET UP SFUSJFWF UIF EBUB JO BO PCKFDU "MTP
provide public methods for any other basic needs that a programmer will
IBWFGPSNBOJQVMBUJOHUIFEBUBJOUIFDMBTT4VDINFUIPETDPVMEJODMVEF
public mutator methods.
t 1MBDF B DPNNFOU CFGPSF FBDI QVCMJD NFUIPE IFBEJOH UIBU GVMMZ TQFDJGJFT
how to use the method.
t .BLFBOZIFMQJOHNFUIPETQSJWBUF
t 8SJUF DPNNFOUT XJUIJO UIF DMBTT EFGJOJUJPO UP EFTDSJCF JNQMFNFOUBUJPO
details.
The comments in a class definition that describe how to use both the class
and each public method are part of the class interface. As we indicated, these
comments are usually placed before the class definition and before each
method definition. Other comments clarify the implementation. A good rule
to follow is to use the /** */ style for class-interface comments and the // style
for implementation comments.
8IFOZPVVTFFODBQTVMBUJPOUPEFGJOFZPVSDMBTT ZPVTIPVMECFBCMFUP
go back and change the implementation details of the class definition without
requiring changes in any program that uses the class. This is a good way to
test whether you have written a well-encapsulated class definition. Often,
you will have very good reasons for changing the implementation details of
a class definition. For example, you may come up with a more efficient way
to implement a method so that the method invocations run faster. You might
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even decide to change some details of what the implementation does without
changing the way the methods are invoked and the basic things they do. For
example, if you have a class for bank account objects, you might change the
rules for charging a penalty to an overdrawn account.
FAQ Is a class interface related to an application
programming interface?
We encountered the term API, or application programming interface,
in Chapter 1 when we introduced the Java API. The API for a class is
essentially the same thing as the class interface for the class. You will often
see the term API when reading the documentation for class libraries.

FAQ What is an ADT?
The term ADT is short for abstract data type. It is a specification for a set
of data and the operations on that data. These specifications describe
what the operations do but do not indicate how to store the data or how
to implement the operations. Thus, an ADT uses good information-hiding
techniques.

RECAP Encapsulation
Encapsulation is a term often heard when describing modern
programming techniques. Encapsulation is the process of hiding
(encapsulating) all the details of how a piece of software works and
describing only enough about the software to enable a programmer
to use it. Encapsulation means that data and actions are combined
into a single item—in our case, a class object—that hides the details
of the implementation. Thus, the terms information hiding, ADT, and
encapsulation all involve the same general idea. In very operational
terms, the idea is to spare the programmer who uses your class from
having to know the details of how your class is implemented.

Automatic Documentation with javadoc
+BWBTZTUFNTJODMVEJOHUIFPOFGSPN4VO.JDSPTZTUFNTVTVBMMZQSPWJEFB
program named javadoc that will automatically generate documentation for
the class interfaces of your classes. This documentation tells other programmers
what they need to know to use your class. To get a more useful javadoc
document, you must write your comments in a particular way. The classes in

319

320

CHAPTER 5 / Defining Classes and Methods

javadoc
comments result
in neat HTML
documentation

this book are commented for use with javadoc, although because of space
constraints, the comments are sparser than would be ideal. If you comment
your class definition correctly, javadoc will take it as input and produce a
nicely formatted display of its class interface. For example, if javadoc is run
on the class definition in Listing 5.13, the output will consist only of the /***/
comments and the headings of public methods, after adjusting line breaks,
spacing, and such. To read the documents produced by javadoc, you must use
B8FCCSPXTFSPSPUIFS)5.-WJFXFS
You do not need to use javadocUPVOEFSTUBOEUIJTCPPL/PSEPZPVEP
need to use javadoc to be able to write Java programs. However, you are likely
to find javadoc both easy to use and very useful. Appendix 5 will get you
started in using javadoc and shows an example of its output.

UML Class Diagrams
8FHBWFBOFYBNQMFPGBDMBTTEJBHSBNJO'JHVSFBUUIFTUBSUPGUIFDIBQUFS
You now know enough to understand all the notation in that diagram. However,
rather than looking at that class diagram, let’s look at a new one. Figure 5.4
DPOUBJOT B 6.- DMBTT EJBHSBN GPS UIF DMBTT Purchase from Listing 5.13. The
FIGURE 5.4 A UML Class Diagram for the Class Purchase
(Listing 5.13)
Purchase
-

name: String
groupCount: int
groupPrice: double
numberBought: int

+
+
+
+
+
+
+
+
+

setName(String newName): void
setPrice(int count, double costForCount): void
setNumberBought(int number): void
readInput( ): void
writeOutput( ): void
getName( ): String
getTotalCost( ): double
getUnitCost( ): double
getNumberBought( ): int

Class
name

Instance
variables

Methods

A minus sign (-) means the member is private.
A plus sign (+) means the member is public.
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details are pretty much self-explanatory, except for the plus and minus signs.
A plus sign (+) before an instance variable or method means the variable or
method is public. A minus sign (−), on the other hand, means it is private.
/PUJDF UIBU UIF DMBTT EJBHSBN DPOUBJOT NPSF UIBO UIF JOUFSGBDF GPS UIF
class and less than a full implementation. Often, you write a class diagram UML is useful for
well before you define the class in Java. A class diagram is an outline of both designing and
the class interface and the implementation. It is primarily for the programmer building a class
defining the class. A class interface is for the programmer who will use the
class when producing additional software.

S E L F-TE S T QU E S TIO N S
 8IBUJTBXFMMFODBQTVMBUFEDMBTTEFGJOJUJPO
 8IFO TIPVME BO JOTUBODF WBSJBCMF JO B DMBTT EFGJOJUJPO CF QSJWBUF  BOE
when should it be public?
 6OEFSXIBUDJSDVNTUBODFTXPVMEZPVEFGJOFBQSJWBUFNFUIPE
22. In a class definition, is anything private ever part of the class interface?
23. In a class definition, is the body of any method definition ever part of the
class interface?

5.3 OBJECTS AND REFERENCES
“You are sad,” the Knight said in an anxious tone: “let me sing you a song to
comfort you.”
“Is it very long” Alice asked, for she had heard a good deal of poetry that day.
“It’s long,” said the Knight, “but it’s very, very beautiful. Everybody that hears
me sing it—either it brings the tears into their eyes, or else—”
“Or else what?” said Alice, for the Knight had made a sudden pause.
“Or else it doesn’t, you know. The name of the song is called ‘Haddocks’ Eyes.’ “
“Oh, that’s the name of the song, is it?” Alice asked, trying to feel interested.
“No, you don’t understand,” the Knight said, looking a little vexed. “That’s
what the name is called.
The name really is ‘The Aged Aged Man.’ “
“Then I ought to have said ‘That’s what the song is called’?” Alice corrected
herself.
“No, you oughtn’t: that’s quite another thing! The song is called ‘Ways and
Means’: but that’s only what it’s called, you know!”
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“Well, what is the song, then?” said Alice, who was by this time completely
bewildered.
“I was coming to that,” the Knight said. “The song really is ‘A-sitting on a
Gate’: and the tune’s my own invention.”
—LEWIS CARROLL, Through the Looking-Glass

Variables of a class type, such as the variable oneSale in Listing 5.14, behave
very differently from variables of a primitive type. Variables of a class type
are names for objects of their class, but the objects are not the values of
the variables in the same way that, say, the number 6 can be the value of a
variable of type int. A variable of a class type can name an object, but the
naming process is a bit subtle. In this section, we discuss how a variable of a
class type names objects, and we also discuss the related topic of how method
parameters of a class type behave in Java.

Variables of a Class Type

Class types are
reference types

Variables of a class type name objects in a way that is different from how
variables of a primitive type store their values. Every variable, whether of a
primitive type or a class type, is implemented as a memory location. If the
variable has a primitive type, a data value is stored in the memory location
assigned to the variable. However, a variable of a class type contains the
memory address of the object named by the variable. The object itself is not
stored in the variable, but rather in some other location in memory. The
address of this other memory location is called a reference to the object. For
this reason, class types are often called reference types. A reference type is
just a type whose variables hold references—that is, memory addresses—as
opposed to actual values of objects.
There is a reason why variables of a primitive type and variables of a
class type name behave in different ways. Every value of a given primitive
type, such as the type int, always requires the same amount of memory. Java
has a maximum value of type int, and so values of type int cannot exceed
a certain size in memory. However, an object, such as an object of the class
String, might be any size, making it difficult for the system to set aside a fixed
amount of space for variables that name objects. On the other hand, it can
easily store the address of any string in a variable, since a computer’s memory,
and thus the size of a memory address, is finite.
4JODFWBSJBCMFTPGBDMBTTUZQFDPOUBJOSFGFSFODFTBOECFIBWFWFSZEJGGFSFOUMZ
from variables of a primitive type, we can get some surprising results. Consider
the following lines of code that might begin the main part of a program:
SpeciesFourthTry klingonSpecies = new SpeciesFourthTry();
SpeciesFourthTry earthSpecies = new SpeciesFourthTry();
int n = 42;
int m = n;
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8FIBWFUXPWBSJBCMFTPGUZQF int: n and m. Both have a value of 42, but if
you change one, the other still has a value of 42. For example, if the program
continues with
n = 99;
System.out.println(n + " and " + m);

the output produced will be
99 and 42

/PTVSQSJTFTTPGBS CVUMFUTTVQQPTFUIFQSPHSBNDPOUJOVFTBTGPMMPXT
klingonSpecies.setSpecies("Klingon ox", 10, 15);
earthSpecies.setSpecies("Black rhino", 11, 2);
earthSpecies = klingonSpecies;
earthSpecies.setSpecies("Elephant", 100, 12);
System.out.println("earthSpecies:");
earthSpecies.writeOutput();
System.out.println("klingonSpecies:");
klingonSpecies.writeOutput();

You might think that the klingonSpecies is the Klingon ox and the
earthSpecies is the elephant, but that is not so, as the following output
indicates:
earthSpecies:
Name = Elephant
Population = 100
Growth rate = 12%
klingonSpecies:
Name = Elephant
Population = 100
Growth rate = 12%

8IBU IBT IBQQFOFE  :PV IBWF UXP WBSJBCMFT  klingonSpecies and
earthSpecies. At first, the two variables reference different objects. Each
object is stored in the computer’s memory in some location, and that location
has an address. Because variables of a class type store memory addresses for
objects, not the objects themselves, the assignment statement
earthSpecies = klingonSpecies;

copies the memory address in klingonSpecies into the variable earthSpecies
so that both variables contain the same memory address and therefore both
variables name the same object. Regardless of which variable you use to
invoke setSpecies, the same object actually receives the method call, and
TP UIF TBNF PCKFDU JT DIBOHFE 8IBU IBQQFOT UP UIF TFDPOE PCKFDU XF IBE
before? It is no longer accessible to the program. Figure 5.5 illustrates this
behavior.

Assignments to
variables of a
class type
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FIGURE 5.5 Behavior of Class Variables
SpeciesFourthTry klingonSpecies, earthSpecies;
klingonSpecies

?

Two memory locations
for the two variables

(((

earthSpecies

?

klingonSpecies = new SpeciesFourthTry();
earthSpecies = new SpeciesFourthTry();
klingonSpecies

2078
(((

earthSpecies

1056
(
(
(

1056

?
?
?

2078

?
?
?

(((

We do not know what memory addresses
will be used. We used 1056 and 2078 in
this figure, but they could be almost any
numbers.

klingonSpecies.setSpecies("Klingon ox", 10, 15);
earthSpecies.setSpecies("Black rhino", 11, 2);
klingonSpecies

2078
(((

earthSpecies

1056
(
(
(

1056

Black rhino
11
2
(((

2078

Klingon ox
10
15
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FIGURE 5.5 Behavior of Class Variables (Continued)
earthSpecies =

klingonSpecies;
klingonSpecies

2078
###

earthSpecies

2078
#
#
#

klingonSpecies and
earthSpecies are now two

names for the same object.
1056

Black rhino
11
2
###

2078

Klingon ox
10
15

earthSpecies.setSpecies("Elephant", 100, 12);
klingonSpecies

2078
###

earthSpecies

2078
#
#
#

This is just garbage that is not
accessible to the program.

1056

Black rhino
11
2
###

2078

Elephant
100
12

One word of warning about memory addresses: A memory address is a
number, but it is not the same kind of number as an intWBMVF4PEPOPUUSZ
to treat it as an ordinary integer.
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REMEMBER Variables of a Class Type Contain Memory
Addresses
A variable of a primitive type contains a value of that type. A variable of
a class type does not contain an object of that class. Instead, a variable
of a class type contains the memory address of the object’s location in
the computer’s memory. This scheme allows a variable of a class type to
be used as a name for an object of that class. However, some operations,
such as = and ==, behave quite differently for variables of a class type
than they do for variables of a primitive type.

REMEMBER Memory Addresses Are and Are Not Numbers
A variable of a class type contains a memory address. Although a memory
address is a number, a variable of a class type cannot be used like a
variable that stores a number. The important property of a memory
address is that it identifies a memory location. The fact that addresses are
numbers, rather than letters or colors or something else, is an accidental
property. Java prevents you from using this accidental property. It does
so to keep you from doing things you should not do, such as obtaining
access to restricted memory or otherwise screwing up the computer. It
also makes your code easier to understand.

RECAP Class Types and Reference Types
VideoNote
Objects and References

A variable of a class type holds the address in memory of an object of
that class. This memory address is often called a reference to the object
in memory. Thus, class types are reference types. Variables of a reference
type hold references—that is, memory addresses—as opposed to actual
values of objects. However, some reference types are not class types, so
we will use the term class type when referring to the name of a class. All
class types are reference types, but as you will see in Chapter 7, not all
reference types are class types.

GOTCHA

Use of == with Variables of a Class Type

In the previous section, you saw some of the surprises you can get when
using the assignment operator with variables of a class type. The test for
FRVBMJUZ BMTP CFIBWFT JO B XBZ UIBU NBZ TFFN QFDVMJBS 4VQQPTF UIF DMBTT
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SpeciesFourthTry is defined as shown in Listing 5.11, and suppose you have

the following in a program:
SpeciesFourthTry klingonSpecies = new SpeciesFourthTry();
SpeciesFourthTry earthSpecies = new SpeciesFourthTry();
klingonSpecies.setSpecies("Klingon ox", 10, 15);
earthSpecies.setSpecies("Klingon ox", 10, 15);
if (klingonSpecies == earthSpecies)
System.out.println("They are EQUAL.");
else
System.out.println("They are NOT equal.");

This will produce the output.
They are NOT equal.

Figure 5.6 illustrates the execution of this code.
Two objects of type SpeciesFourthTry are in memory. Both of them
represent the same species in the real world, but they have different memory
addresses. The problem is that, although the two objects are equal in an
intuitive sense, a variable of a class type really contains only a memory
address. The == operator checks only to see whether the memory addresses are
equal. It tests for a kind of equality, but not the kind of equality you usually
DBSFBCPVU8IFOEFGJOJOHBDMBTT ZPVTIPVMEOPSNBMMZEFGJOFBNFUIPEGPS
the class that is called equals and that tests objects to see whether they are
equal. The next section will show you how.
■

Defining an equals Method for a Class
8IFO ZPV DPNQBSF UXP PCKFDUT VTJOH UIF  PQFSBUPS  ZPV BSF DIFDLJOH UP
see whether they have the same address in memory. You are not testing for
what you would intuitively call equality. To test for your intuitive notion
of equality, you should define a method called equals. In Listing 5.17, we
have revised our definition of a class for a species one last time to include an
equals method.
You use the equals method of any class in exactly the same way that we
used String's method equals with objects of type String. The program
in Listing 5.18 demonstrates the use of the method equals defined in our
revised class Species.
Our definition of the method equals in the class Species considers two
Species objects equal if they have the same name—ignoring any differences
in case—the same population, and the same growth rate. To compare the
names, we use the method equalsIgnoreCase of the class String. It compares
two strings, treating uppercase letters as equal to their lowercase counterparts.
As we pointed out in Chapter 2, this method is automatically provided as part
PGUIF+BWBMBOHVBHF8FVTFUIFPQFSBUPSUPDPNQBSFUIFQPQVMBUJPOTBOE
growth rates, since they are primitive values.

Test objects
for equality by
using an equals
method
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FIGURE 5.6 The Dangers of Using == with Objects
klingonSpecies = new SpeciesFourthTry();
earthSpecies = new SpeciesFourthTry();
klingonSpecies

2078
•••

earthSpecies

1056
•
•
•

1056

?
?
?
•••

2078

?
?
?

We do not know what memory addresses
will be used. We used 1056 and 2078
in this figure, but they could be almost any
numbers.

klingonSpecies.setSpecies("Klingon ox", 10, 15);
earthSpecies.setSpecies("Klingon ox", 10, 15);
klingonSpecies

2078
•••

earthSpecies

1056
•
•
•

1056

Klingon ox
10
15
•••

2078

Klingon ox
10
15

if (klingonSpecies == earthSpecies)
System.out.println("They are EQUAL.");
else
System.out.println("They are NOT equal.");

The output is They are Not equal, because 2078 is not equal to 1056.

5.3 Objects and References

329

LISTING 5.17 Defining an equals Method
import java.util.Scanner;
public class Species
{
private String name;
private int population;
private double growthRate;

<The definition of the methods readInput, writeOutput, and
predictPopulation go here. They are the same as in
Listing 5.3 and Listing 5.6.>
<The definition of the methods setSpecies, getName,
getPopulation, and getGrowthRate go here. They are the
same as in Listing 5.11.>
public boolean equals(Species otherObject)
{
return (this.name.equalsIgnoreCase(otherObject.name)) &&
(this.population == otherObject.population) &&
(this.growthRate == otherObject.growthRate);
}
}

equalsIgnoreCase is a method of the class String.

/PUJDF UIBU UIF NFUIPE equals in Listing 5.17 always returns a true
or false value, and so the method’s return type is boolean. The return
statement may seem a bit strange, but it is nothing other than a boolean
expression of the kind you might use in an if-else statement. It may help
you to understand this method if you note that the definition of equals in
Listing 5.17 can be expressed by the following pseudocode:
if ((this.name.equalsIgnoreCase(otherObject.name)) &&
(this.population == otherObject.population) &&
(this.growthRate == otherObject.growthRate))
then return true
otherwise return false

This change would make the following statement from the program in Listing
5.18:
if (s1.equals(s2))
System.out.println("Match with the method equals.");
else
System.out.println("Do Not match with the method " +
"equals.");

A method can
return a boolean
value
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equivalent to
if ((s1.name.equalsIgnoreCase(s2.name)) &&
(s1.population == s2.population) &&
(s1.growthRate == s2.growthRate))
System.out.println("Match with the method equals.");
else
System.out.println("Do Not match with the method " +
"equals. ");

8FXJMMTBZNPSFBCPVUNFUIPETUIBUSFUVSOBWBMVFPGUZQF boolean in the
TFDUJPOi#PPMFBO7BMVFE.FUIPETwBMJUUMFMBUFSJOUIJTDIBQUFS
There is no unique definition of equals that has been handed down by
the gods for all time. The definition of equals that you write will depend
on how you intend to use the class. The definition in Listing 5.17 says
that two objects of the class Species are equal if they represent the same
species name, the same population size, and the same growth rate. In
some other context, you might want to define equality to mean that two
objects have the same species name but possibly different populations or
different growth rates. This would correspond to considering two objects
to be equal if they are records for the same species but reflect data taken at
different times.
LISTING 5.18 Demonstrating an equals Method (part 1 of 2)
public class SpeciesEqualsDemo
{
public static void main(String[] args)
{
Species s1 = new Species(), s2 = new Species();
s1.setSpecies("Klingon ox", 10, 15);
s2.setSpecies("Klingon ox", 10, 15);
if (s1 == s2)
System.out.println("Match with ==.");
else
System.out.println("Do Not match with ==.");
if (s1.equals(s2))
System.out.println("Match with the method " +
"equals.");
else
System.out.println("Do Not match with the method " +
"equals.");
System.out.println("Now change one Klingon ox to " +
"lowercase.");

(continued)
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LISTING 5.18 Demonstrating an equals Method (part 2 of 2)
s2.setSpecies("klingon ox", 10, 15); //Use lowercase
if (s1.equals(s2))
System.out.println("Match with the method equals.");
else
System.out.println("Do Not match with the method " +
"equals.");
}
}

Screen Output
Do Not match with ==.
Match with the method equals.
Now change one Klingon ox to lowercase.
Match with the method equals.

You should always use the identifier equals for the name of any method
ZPV DSFBUF UP UFTU XIFUIFS UXP PCKFDUT BSF FRVBM %P OPU VTF TPNF PUIFS
identifier, such as same; do not even use equal without an s. Certain software
that is part of Java depends on your using the exact name equals to test for
equality of objects. This software invokes a method named equals, so your
method had better have that name.
If you do not define an equals method for your class, Java will
automatically create a default definition of equals, but it is unlikely to
behave the way you want it to. Thus, it is best to define your own equals
method.

PROGRAMMING EXAMPLE

A Species Class

The final version of our class for species objects, as given in Listing 5.17, is
repeated in Listing 5.19, but this time we have included all of the details so
UIBUZPVDBOTFFBDPNQMFUFFYBNQMF8FIBWFBMTPXSJUUFOUIFEFGJOJUJPOPG
the method equals without using the keyword this, since that is the form
most programmers use. The definition of equals in Listing 5.19 is completely
equivalent to the definition in Listing 5.17. Figure 5.7 contains the class
diagram for this class Species.

331

332

CHAPTER 5 / Defining Classes and Methods

LISTING 5.19 The Complete Species Class (part 1 of 2)
import java.util.Scanner;
/**
Class for data on endangered species.
*/
public class Species
{
private String name;
private int population;
private double growthRate;

This is the same class definition
as in Listing 5.17, but with all the
details shown.

public void readInput()
{
Scanner keyboard = new Scanner(System.in);
System.out.println("What is the species' name?");
name = keyboard.nextLine();
System.out.println(
"What is the population of the species?");
population = keyboard.nextInt();
while (population < 0)
{
System.out.println("Population cannot be negative.");
System.out.println("Reenter population:");
population = keyboard.nextInt();
}
System.out.println(
"Enter growth rate (% increase per year):");
growthRate = keyboard.nextDouble();
}
public void writeOutput()
{
System.out.println("Name = " + name);
System.out.println("Population = " + population);
System.out.println("Growth rate = " + growthRate + "%");
}
/**
Precondition: years is a nonnegative number.
Returns the projected population of the receiving object
after the specified number of years.
*/
public int predictPopulation(int years)
{
int result = 0;
double populationAmount = population;

(continued)
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LISTING 5.19 The Complete Species Class (part 2 of 2)
int count = years;
while ((count > 0) && (populationAmount > 0))
{
populationAmount = (populationAmount +
(growthRate / 100) *
populationAmount);
count−−;
}
if (populationAmount > 0)
result = (int)populationAmount;
return result;
}
public void setSpecies(String newName, int newPopulation,
double newGrowthRate)
{
name = newName;
if (newPopulation >= 0)
population = newPopulation;
else
{
System.out.println("ERROR: using a negative " +
"population.");
System.exit(0);
}
growthRate = newGrowthRate;
}
public String getName()
{
return name;
}
public int getPopulation()
{
return population;
}
public double getGrowthRate()
{
return growthRate;
}
public boolean equals(Species otherObject)
{
return (name.equalsIgnoreCase(otherObject.name)) &&
(population == otherObject.population) &&
(growthRate == otherObject.growthRate);
}
}

This version of equals is equivalent to the version in Listing 5.17.
Here, the keyword this is understood to be there implicitly.
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FIGURE 5.7 Class Diagram for the Class Species in
Listing 5.19
Species
- name: String
- population: int
- growthRate: double

+
+
+
+
+
+
+
+

readInput(): void
writeOutput(): void
predictPopulation(int years): int
setSpecies(String newName, int newPopulation,
double newGrowthRate): void
getName(): String
getPopulation(): int
getGrowthRate(): double
equals(Species otherObject): boolean

Boolean-Valued Methods
.FUIPETDBOSFUVSOBWBMVFPGUZQFboolean. There is really nothing new about
this: You just specify a return type of boolean and use a boolean expression
in the return statement. You have already seen one such method, namely
the equals method for the class Species in Listing 5.19. This method simply
evaluates the boolean expression in the return statement, yielding a value of
true or false. The method then returns this value.
As you have already seen, you can use an invocation of the method equals in
an if statement, a while statement, or another statement that requires a boolean
expression. You can also store the value returned by the method equals, or any
other boolean-valued method, in a variable of type boolean. For example,
Species s1 = new Species(), s2 = new Species();
<Some code to set the values of s1 and s2.>
boolean areEqual = s1.equals(s2);
<Some more code.>
if (areEqual)
System.out.println("They are equal.");
else
System.out.println("They are not equal.");

As another example of a boolean-valued method, the following is a
method you might add to the definition of the class Species in Listing 5.19:
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/**
Precondition: This object and the argument otherSpecies
both have values for their population. Returns true if the
population of this object is greater than the population of
otherSpecies; otherwise, returns false.
*/
public boolean isPopulationLargerThan(Species otherSpecies)
{
return population > otherSpecies.population;
}

You can then use the method isPopulationLargerThan in the same sorts
of ways that you use the method equals. For example, the following might
appear in a program:
Species s1 = new Species(), s2 = new Species();
<Some code to set the values of s1 and s2.>
String nameOfLarger = s1.getName();
if (s2.isPopulationLargerThan(s1))
nameOfLarger = s2.getName();
System.out.println(nameOfLarger + " has the larger population.");

The following method is another you might add to the definition of the class
Species in Listing 5.19:
/**
Precondition: This object has a value for its population.
Returns true if the population of this object is zero;
otherwise, returns false.
*/
public Boolean isExtinct()
{
return population == 0;
}

The following sample code might then appear in a program:
Species s1 = new Species();
<Some code to set the value of s1.>
if (s1.isExtinct())
System.out.println(s1.getName() + " is extinct.");
else
System.out.println(s1.getName() + " is still with us.")

■ PROGRAMMING TIP

Naming Boolean-Valued Methods

8IFO PVS CPPMFBOWBMVFE NFUIPE isExtinct is invoked within an if
statement, we can understand its meaning simply by reading the statement in
English. For example,
if (s1.isExtinct())

A boolean-valued
method
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means “if s1 is extinct.” Beginning the name of a boolean-valued method with
a word such as is or hasDMBSJGJFTUIFNFBOJOHPGZPVSQSPHSBN/PUPOMZXJMM
others benefit from this naming convention, you likely will make fewer errors
while writing the program.
■

S E L F -TE S T QU ESTI ONS
 8IBU JT B SFGFSFODF UZQF  "SF DMBTT UZQFT SFGFSFODF UZQFT  "SF QSJNJUJWF
types, such as int, reference types?
 8IFO DPNQBSJOH UXP RVBOUJUJFT PG B DMBTT UZQF UP TFF XIFUIFS UIFZ BSF
“equal,” should you use == or the method equals?
 8IFO DPNQBSJOH UXP RVBOUJUJFT PG UZQF int to see whether they are
“equal,” should you use == or the method equals ?
 8SJUFBNFUIPEEFGJOJUJPOGPSBNFUIPEDBMMFE isGrowthRateLargerThan
that could be added to the class Species in Listing 5.19. This method has
one argument of type Species. The method returns true if the receiving
object has a larger growth rate than the growth rate of the argument;
otherwise, it returns false.

CASE STUDY Unit Testing
Unit testing
verifies if
individual units of
code are working
correctly

4PGBSXFWFUFTUFEPVSQSPHSBNTCZSVOOJOHUIFN UZQJOHJOTPNFJOQVU BOE
visually checking the results to see if the output is what we expected. This is
fine for small programs but is generally insufficient for large programs. In a
large program there are usually so many combinations of interacting inputs
that it would take too much time to manually verify the correct result for all
inputs. Additionally, it is possible that code changes result in unintended side
effects. For example, a fix for one error might introduce a different error. One
way to attack this problem is to write unit tests.6OJUUFTUJOHJTBNFUIPEPMPHZ
in which the programmer tests the correctness of individual units of code. A
unit is often a method but it could be a class or other group of code.
The collection of unit tests becomes the test suite. Each test is generally
automated so that human input is not required. Automation is important
because it is desirable to have tests that run often and quickly. This makes it
possible to run the tests repeatedly, perhaps once a day or every time code is
changed, to make sure that everything is still working. The process of running
tests repeatedly is called regression testing.
Let’s start with a simple test case for the Species class in Listing 5.19. Our
first test might be to verify that the name, initial population, and growth rate
is correctly set in the setSpeciesNFUIPE8FDBOBDDPNQMJTIUIJTCZDSFBUJOH
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an object of type Species, invoking setSpecies, and verifying if all the values
match.
Species testSpecies = new Species();
// Test the setSpecies method
testSpecies.setSpecies("Tribbles", 100, 50);
if (testSpecies.getName().equals("Tribbles") &&
(testSpecies.getPopulation() == 100) &&
(testSpecies.getGrowthRate() >= 49.99) &&
(testSpecies.getGrowthRate() <= 50.01))
{
System.out.println("Pass: setSpecies test.");
}
else
{

Since
getGrowthRate
returns a double we

should not attempt

testSpecies.
getGrowthRate()
==50

System.out.println("FAIL: setSpecies test.");
}

In this simple example we came up with inputs for the test case, invoked
the code, and checked to see if the results matched our expectations. If
there was an error, such as forgetting to copy the growth rate into an
instance variable in the setSpecies method, then the test case would find
the problem.
Often the design of the test case is more complicated. Consider testing
the predictPopulation method. Once again we must determine appropriate
inputs and see if the unit to be tested produces the expected outputs. One type
of test we might try is a negative test. This is a test to confirm that the system
doesn’t crash when given unexpected inputs. For example, if the number
of years passed to predictPopulation is negative, then we might expect
the method to return the initial population. In addition, we might test the
NFUIPEXJUIJOQVUTPGBOEZFBSTJOUPUIFGVUVSF4VDIBUFTUDBTFVTJOHUIF
UFTU4QFDJFTPCKFDUJTTIPXOJO-JTUJOH
A common practice is to write tests using the assert statement. For
example, instead of the if-else statement we could write:
assert (testSpecies.getPopulation() == 100);

%POU CF GPPMFE JOUP UIJOLJOH UIBU UIF QSPHSBN JT HVBSBOUFFE UP XPSL
if all tests pass. It is possible that there is an untested combination of input
values that will cause the program to fail. There may also be bugs at the level
where working units are integrated. However, a successful test run gives us
some confidence that basic functionality is working.
Ideally, the test cases should be kept separate from the implementation
of the class. In our simple example we created a separate class with a main
method to test the Species class. For larger projects you might consider a
UFTUGSBNFXPSLTVDIBT+6OJUUIBUJTEFTJHOFEUPIFMQPSHBOJ[FBOESVOUFTU
suites.
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LISTING 5.20 Sample Tests for the Species Class
public class SpeciesTest
{
public static void main(String[] args)
{
Species testSpecies = new Species();
// Test the setSpecies method
testSpecies.setSpecies("Tribbles", 100, 50);
if (testSpecies.getName().equals("Tribbles") &&
(testSpecies.getPopulation() == 100) &&
(testSpecies.getGrowthRate() >= 49.99) &&
(testSpecies.getGrowthRate() <= 50.01))
{
System.out.println("Pass: setSpecies test.");
}
else
{
System.out.println("FAIL: setSpecies test.");
}
// Test the predictPopulation method
if ((testSpecies.predictPopulation(-1) == 100) &&
(testSpecies.predictPopulation(1) == 150) &&
(testSpecies.predictPopulation(5) == 759))
{
System.out.println("Pass: predictPopulation test.");
}
else
{
System.out.println("FAIL: predictPopulation test.");
}
}
}

Sample Screen Output
Pass: setSpecies test.
Pass: predictPopulation test.

Parameters of a Class Type
Parameters of a
class type

A method’s parameters of a class type are treated differently than its parameters
PGBQSJNJUJWFUZQF8FUPVDIFEVQPOUIJTEJGGFSFODFXIFOXFEJTDVTTFEVTJOH
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the assignment operator with objects. The following two points from that
discussion will help us describe how parameters of a class type work:
t 'JSTU SFDBMMIPXUIFBTTJHONFOUPQFSBUPSXPSLTXJUIPCKFDUT4VQQPTFUIBU
Species is the class defined in Listing 5.19, and consider the following
code:
Species species1 = new Species();
species1.readInput();
Species species2 = species1;

 8IFOZPVVTFBOBTTJHONFOUPQFSBUPSXJUIPCKFDUTPGBDMBTTUZQF ZPV
are actually copying a memory address. Thus, as we discussed in the
previous section, species1 and species2 are now two names for the
same object.
t /PX SFDBMM IPX QBSBNFUFST PG B QSJNJUJWF UZQF XPSL 'PS FYBNQMF  UIF Parameters of a
definition of the method predictPopulation in Listing 5.19 begins as primitive type
follows:
public int predictPopulation(int years)
{
int result = 0;
double populationAmount = population;
int count = years;
. . .

 8F TBJE QSFWJPVTMZ UIBU UIF GPSNBM QBSBNFUFS years is actually a local
WBSJBCMF 8IFO XF JOWPLF UIF NFUIPE predictPopulation, this local
variable years is initialized to the value of the argument given in the method
DBMM4P GPSFYBNQMF XIFOXFVTFUIFGPMMPXJOHDBMMJO-JTUJOH
int futurePopulation =
speciesOfTheMonth.predictPopulation(numberOfYears);

the parameter years is initialized to numberOfYears. The effect is like
temporarily inserting the assignment statement
years = numberOfYears;

into the method definition. In other words, it is as if the definition of
the method predictPopulation were, for the duration of this method
invocation, changed as follows:
public int predictPopulation(int years)
{
years = numberOfYears;//You cannot do this, but Java
//acts as if you could and did do this.
int result = 0;
double populationAmount = population;
int count = years;
. . .
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8PXUIBUTBMPOHQSFBNCMF CVUJGZPVVOEFSTUBOEUIFTFUXPQPJOUT JUXJMM
be very easy to understand how parameters of a class type work. Parameters
of a class type work like parameters of a primitive type, but because the
assignment operator means something different for variables of a class type,
the effect is very different!
Let’s go through that explanation again with slightly different words, but
with the same message. Consider the following call to the method equals that
was used in Listing 5.18:
if (s1.equals(s2))
System.out.println("Match with the method equals.");
else
System.out.println("Do Not match with the method " +
"equals.");

In this call, s2 is an argument of the class type Species defined in Listing
 8F SFQSPEVDF IFSF UIF EFGJOJUJPO GPS UIF NFUIPE equals given in
Listing 5.19:
public boolean equals(Species otherObject)
{
return (name.equalsIgnoreCase(otherObject.name)) &&
(population == otherObject.population) &&
(growthRate == otherObject.growthRate);
}

8IFOUIFNFUIPE equals is called in s1.equals(s2), it is as if the following
assignment statement were temporarily inserted at the start of the method
definition:
otherObject = s2;

In other words, the method definition, for the duration of this call to equals,
is equivalent to
public boolean equals(Species otherObject)
{
otherObject = s2; //You cannot do this, but Java acts
//as if you could and did do this.
return (name.equalsIgnoreCase(otherObject.name)) &&
(population == otherObject.population) &&
(growthRate == otherObject.growthRate);
}

Recall, however, that this assignment statement merely copies the memory
address of s2 into the variable otherObject, so otherObject becomes just
another name for the object named by s2. Thus, anything done with the
object named otherObject will in fact be done with the object named s2. It is
as if the method performed the following action:
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return (name.equalsIgnoreCase(s2.name)) &&
(population == s2.population) &&
(growthRate == s2.growthRate);

/PUJDF UIBU BOZ BDUJPO UBLFO XJUI B GPSNBM
parameter of a class type—in this example,
otherObject—is actually taken with the
argument used in the method call—in this case,
s2 4P UIF BSHVNFOU VTFE JO UIF NFUIPE DBMM JT
actually acted upon and can be changed by the
method call.
In the case of the method equals, the
effect of this parameter-passing mechanism for
parameters of a class type is not so different from
what happens with parameters of a primitive
UZQF 8JUI TPNF PUIFS NFUIPET  IPXFWFS  UIF
difference is more striking. The next section gives
a more dramatic example of how parameters of
a class type differ from parameters of a primitive
type.

ASIDE Call by Reference
Some programmers refer to the parameter
mechanism for parameters of a class type
as call-by-reference parameter passing.
Others say that this terminology is incorrect.
The problem is that there is more than
one commonly used definition of call by
reference. In addition, parameters of a class
type in Java behave a bit differently than callby-reference parameters in other languages.
Therefore, we will not use the term call by
reference here. The important thing is to
understand how parameters of a class type
work, regardless of what you call them.

RECAP Parameters of a Class Type
Formal parameters are given in parentheses after the method name at
the beginning of a method definition. A formal parameter of a class type
is a local variable that holds the memory address of an object of that
class type. When the method is invoked, the parameter is initialized to
the address of the corresponding argument in the method invocation. In
less technical terms, this means that the formal parameter will serve as an
alternative name for the object given as the corresponding argument in a
method invocation.

REMEMBER A Method Can Change an Object Passed
as an Argument
An object that is an argument in a method invocation is actually acted
upon and can be altered by the method call. However, the object cannot
be replaced by another object. The next programming example will
demonstrate these points.
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PROGRAMMING EXAMPLE
A method cannot
change the value
of an argument
of a primitive
type

Class-Type Parameters Versus
Primitive-Type Parameters

4VQQPTF XF BEE UISFF NFUIPET UP UIF DMBTT Species to form a new class
called DemoSpecies, as shown in Listing 5.21. This class is only for our
demonstration, so do not worry about the rest of the class definition. Let’s
play with this toy class.

LISTING 5.21 A Demonstration Class (part 1 of 2)
import java.util.Scanner;
/**
This version of the class Species is only a toy example designed
to demonstrate the difference between parameters of a class type
and parameters of a primitive type.
*/
public class DemoSpecies
{
private String name;
private int population;
private double growthRate;
/**
Tries to set intVariable equal to the population of this
object. But arguments of a primitive type cannot be
changed.
*/
public void tryToChange(int intVariable)
{
intVariable = this.population;
}
/**
Tries to make otherObject reference this object.
But arguments of a class type cannot be replaced.
*/
public void tryToReplace(DemoSpecies otherObject)
{
otherObject = this;
}
/**
Changes the data in otherObject to the data in this object,
which is unchanged.
*/

(continued)
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LISTING 5.21 A Demonstration Class (part 2 of 2)
public void change(DemoSpecies otherObject)
{
otherObject.name = this.name;
otherObject.population = this.population;
otherObject.growthRate = this.growthRate;
}

<The rest of the class definition is the same as that of the class
Species in Listing 5.19.>
}

Look at the method tryToChange within our new class DemoSpecies.
This method has a formal parameter of the primitive type int 8JUIJO UIF
method’s body is an assignment to that parameter. The program in Listing
5.21 calls tryToChange, passing it the argument aPopulation of type int.
However, the assignment performed in the method body has no effect on the
argument aPopulation4JODFWBSJBCMFTPGBQSJNJUJWFUZQFIPMEBDUVBMWBMVFT 
not memory addresses, Java’s call-by-value parameter mechanism copies the
value of the argument to the parameter, which really is a local variable.
Thus, any changes the method makes to the parameter are made to this local
variable and not to the argument.
The method tryToReplace has a parameter whose type is DemoSpecies,
so it is of a class type. Once again, Java’s call-by-value parameter mechanism
copies the value of the argument to the parameter. But since both the
argument and the parameter are of a class type, the memory address of
the object argument is copied to the parameter. The assignment statement
within the body of the method then assigns a new value to the parameter. (In
fact, this new value is the address of the receiving object—indicated by the
keyword this—but the value is irrelevant.) Just as in the previous method
tryToChange, this assignment to the parameter does not affect the argument.
Thus, s2, an object of DemoSpecies that the program in Listing 5.22 passes to
tryToReplace, is unaffected.
Finally, the data type of the parameter of the method change is the class
type DemoSpecies. The program in Listing 5.22 calls change, passing it the
argument s2. The assignment statements within the body of the method
actually change the values of the instance variables of the object argument s2.
A method can change the state of an argument of a class type.
As you can see, parameters of a class type are more versatile than
parameters of a primitive type. Parameters of a primitive type pass values to a
method, but a method cannot change the value of any primitive-type variable

A method cannot
replace an
argument object
with another
object
A method can
change the state
of an argument
object
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LISTING 5.22 Parameters of a Class Type Versus Parameters
of a Primitive Type
public class ParametersDemo
{
public static void main(String[] args)
{
DemoSpecies s1 = new DemoSpecies(),
s2 = new DemoSpecies();
s1.setSpecies("Klingon ox", 10, 15);
int aPopulation = 42;
System.out.println("aPopulation BEFORE calling " +
"tryToChange: " + aPopulation);
s1.tryToChange(aPopulation);
System.out.println("aPopulation AFTER calling " +
"tryToChange: aPopulation);
s2.setSpecies("Ferengie Fur Ball", 90, 56);
System.out.println("s2 BEFORE calling tryToReplace: ");
s2.writeOutput();
s1.tryToReplace(s2);
System.out.println("s2 AFTER calling tryToReplace: ");
s2.writeOutput();
s1.change(s2);
System.out.println("s2 AFTER calling change: ");
s2.writeOutput();
}
}

Screen Output
aPopulation BEFORE calling tryToChange: 42
aPopulation AFTER calling tryToChange: 42

An argument of a primitive
type cannot change in value.

s2 BEFORE calling tryToReplace:
Name = Ferengie Fur Ball
Population = 90
Growth Rate = 56.0%
s2 AFTER calling tryToReplace:
Name = Ferengie Fur Ball
Population = 90

An argument of a class
type cannot be replaced.

Growth Rate = 56.0%
s2 AFTER calling change:
Name = Klingon ox
Population = 10
Growth Rate = 15.0%

An argument of a class
type can change in state.

5.3 Objects and References

that is given to it as an argument. On the other hand, not only can parameters
of a class type be used to give information to a method, but the method can
also change the state of the object named by an argument of a class type. The
method, however, cannot replace the object passed to it as an argument with
another object.
REMEMBER Differences Between Primitive-Type and
Class-Type Parameters
A method cannot change the value of an argument of a primitive type
that is passed to it. In addition, a method cannot replace an object passed
to it as an argument with another object. On the other hand, a method
can change the values of the instance variables of an argument of a class
type.

S E L F-TE S T QU E S TIO N S
 (JWFOUIFDMBTTSpecies as defined in Listing 5.19, why does the following
program cause an error message?
public class SpeciesEqualsDemo
{
public static void main(String[] args)
{
Species s1, s2; s1.
setSpecies("Klingon ox", 10, 15);
s2.setSpecies("Klingon ox", 10, 15);
if (s1 == s2)
System.out.println("Match with ==.");
else
System.out.println("Do Not match with ==.")
}
}

29. After correcting the program in the previous question, what output does
the program produce?
 8IBUJTUIFCJHHFTUEJGGFSFODFCFUXFFOBQBSBNFUFSPGBQSJNJUJWFUZQFBOE
a parameter of a class type?
 (JWFOUIFDMBTTSpecies, as defined in Listing 5.19, and the class
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public class ExerciseClass
{
public void mystery(Species s, int m)
{
s.setSpecies("Klingon ox", 10, 15);
m = 42;
}
}

what output is produced by the following program?
public class ExerciseProgram
{
public static void main(String[] args)
{
Species s1 = new Species();
ExerciseClass mysteryMaker = new ExerciseClass();
int n = 0;
s1.setSpecies("Hobbit", 100, 2);
mysteryMaker.mystery(s1, n);
s1.writeOutput();
System.out.println("n = " + n);
}
}

 8SJUF BO equals method for the class Person EFTDSJCFE JO 4FMG5FTU
Question 16.

5.4 GRAPHICS SUPPLEMENT
The whole is more than the sum of its parts.
—PROVERB

/PX UIBU XF IBWF FYQMBJOFE NFUIPET BOE QBSBNFUFST NPSF DPNQMFUFMZ  XF
will revisit material from the previous graphics supplements to give more
EFUBJMFEFYQMBOBUJPOT8FXJMM
t &YQMBJOUIFGraphics class more completely.
t 6TFNFUIPETUPSFXSJUFPOFPGPVSQSFWJPVTHSBQIJDTBQQMFUTJOBDMFBOFS
way.
t *OUSPEVDFTPNFBEEJUJPOBMESBXJOHNFUIPET
t *OUSPEVDF UIF NFUIPE init, which is another applet method similar to
paint but used for different purposes.

The Graphics Class
An object of the class Graphics represents an area of the screen, but it is
NPSFUIBOUIBU4VDIBOPCKFDUIBTNFUIPETUIBUBMMPXJUUPESBXGJHVSFTBOE

5.4 Graphics Supplement

FIGURE 5.8 Some Methods in the Class Graphics
Graphics_Object.drawOval( X, Y, Width , Height)

Draws the outline of an oval ha

(X, Y).

Graphics_Object.fillOval( X, Y, Width , Height)

Same as drawOval, but the ov
Graphics_Object.drawArc( X, Y, Width , Height, Start_Angle, ArcAngle )

Draws an arc—that is, draws part of an oval. See the graphics supplement section of
Chapter 1 for details.
Graphics_Object.fillArc( X, Y, Width , Height, Start_Angle, ArcAngle )

Same as drawArc, but the visible portion of the ov
Graphics_Object.drawRect( X, Y, Width , Height)

Dra

(X, Y).

Graphics_Object.fillRect( X, Y, Width , Height)

Same as drawRect, b
Graphics_Object.drawLine( X1, Y1, X2, Y2)

Draws a line between points (X1, Y1) and (X2, Y2).
Graphics_Object.drawString( A_String, X, Y)

(X, Y).
Graphics_Object.setColor( Color_Object)

Sets the color for subsequent drawings and text. The color stays in effect until it is
changed by another invocation of setColor .

write text in the area of the screen it represents. A summary of some of these
methods is given in Figure 5.8. You have already seen most of these methods
used within previous applet examples. But at least two obvious questions arise
from this brief explanation:
t )PXEPFTBGraphics object represent an area of the screen?
t 8IBU Graphics object is plugged in for the parameter in an applet’s
paint NFUIPE  8F VTVBMMZ OBNFE UIJT QBSBNFUFS canvas in our applet
examples.)
A Graphics object has instance variables that specify the area of the screen
it represents. In our examples, the Graphics object has always represented
the area corresponding to the inside of our applets. The exact details of this
representation need not concern us. All we need to know is that the relevant
Graphics object for an applet somehow represents the area inside the applet.
5IFRVFTUJPOTUJMMSFNBJOT8IFSFEPFTUIJTGraphics object for an applet
come from? The answer is that when you run an applet, a suitable Graphics
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Running an
applet creates a
Graphics object
and invokes the
paint method

object is created automatically, and this object is used as an argument to the
applet’s paint method when the method is (automatically) invoked. That’s a
lot to have happening automatically. You would otherwise need to generate
the Graphics object and invoke the paint method yourself each time you
wrote an applet. Instead, the code in the applet library does all this for you.
How do you add this library code to your applet definition? The words
extends JApplet do that, but we will have to postpone any more details until
Chapter 8, when we discuss something known as inheritance.

RECAP The Graphics Class
Objects of the class Graphics represent an area of the screen and have
methods for drawing figures and writing text in that area. The method
paint of an applet has a parameter of type Graphics. When the applet
is run, a Graphics object representing the area inside the applet is
generated automatically and passed to the method paint, which is
automatically invoked, as its argument.

S E L F -TE S T QU ESTI ONS
 4VQQPTFXFSFQMBDFUIFJEFOUJGJFS canvas with g throughout the method
paintJO-JTUJOHPG$IBQUFS8IBUFGGFDUXJMMUIJTSFWJTJPOIBWFPO
the applet in Listing 3.5?
34. Our applets—such as those in Listing 2.9 and Listing 3.5—that contain
a definition of the method paint contain no invocations of the method
paint8IZEPFTUIFNFUIPEpaint have any effect on the drawings in the
applet? After all, if a method is not invoked, its actions are not taken.

PROGRAMMING EXAMPLE

Multiple Faces, But with a
Helping Method

In Listing 5.23 we have revised the applet shown in Listing 4.9. In this
new version, we have extracted the code for drawing all of a face except
the mouth and skin color and placed it into the body of a method named
drawFaceSansMouth. In our older version of this applet (Listing 4.9), the code
for the face was repeated three times: once in the body of the for loop and
twice after the for loop. In Listing 5.23, this code is written only once—in the
body of the method drawFaceSansMouth. This saves some typing, but more
importantly, it makes the code easier to read and to maintain. The method

5.4 Graphics Supplement
drawFaceSansMouth packages the complex task of drawing most of the face.
Instead of writing several lines of code each time you want to draw a face, you
write one method call to drawFaceSansMouth. It is much easier to understand.
drawFaceSansMouth(canvas, i);

than it is to understand
g.setColor(Color.BLACK);
g.drawOval(X_FACE0 + 50 * i, Y_FACE0 + 30 * i,
FACE_DIAMETER, FACE_DIAMETER);
//Draw eyes:
g.setColor(Color.BLUE);
g.fillOval(X_RIGHT_EYE0 + 50 * i, Y_RIGHT_EYE0
+ 30 * i, EYE_WIDTH, EYE_HEIGHT);
g.fillOval(X_LEFT_EYE0 + 50 * i, Y_LEFT_EYE0
+ 30 * i, EYE_WIDTH, EYE_HEIGHT);
//Draw nose:
g.setColor(Color.BLACK);
g.fillOval(X_NOSE0 + 50 * i, Y_NOSE0 + 30 * i,
NOSE_DIAMETER, NOSE_DIAMETER);

LISTING 5.23 Using a Method for a Recurrent Subtask
(part 1 of 3)
import javax.swing.JApplet;
import java.awt.Graphics;
import java.awt.Color;
public class MultipleFaces extends JApplet
{
public static final int FACE_DIAMETER = 50;
public static final int X_FACE0 = 10;
public static final int Y_FACE0 = 5;
public
public
public
public
public
public

static
static
static
static
static
static

final
final
final
final
final
final

int
int
int
int
int
int

EYE_WIDTH = 5;
EYE_HEIGHT = 10;
X_RIGHT_EYE0 = 20;
Y_RIGHT_EYE0 = 15;
X_LEFT_EYE0 = 45;
Y_LEFT_EYE0 = Y_RIGHT_EYE0;

public static final int NOSE_DIAMETER = 5;
public static final int X_NOSE0 = 32;
public static final int Y_NOSE0 = 25;
public static final int MOUTH_WIDTH = 30;
public static final int MOUTH_HEIGHT0 = 0;

(continued)
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LISTING 5.23 Using a Method for a Recurrent Subtask
(part 2 of 3)
public static final int X_MOUTH0 = 20;
public static final int Y_MOUTH0 = 35;
public static final int MOUTH_START_ANGLE = 180;
public static final int MOUTH_EXTENT_ANGLE = 180;
/**
g is the drawing area. pos indicates the position of the
face. As pos increases, the face is drawn lower and further
to the right.
*/
private void drawFaceSansMouth(Graphics g, int pos)
{
g.setColor(Color.BLACK);
g.drawOval(X_FACE0 + 50 * pos, Y_FACE0 + 30 * pos,
FACE_DIAMETER, FACE_DIAMETER);
//Draw eyes:
g.setColor(Color.BLUE);
g.fillOval(X_RIGHT_EYE0 + 50 * pos, Y_RIGHT_EYE0 + 30 * pos,
EYE_WIDTH, EYE_HEIGHT);
g.fillOval(X_LEFT_EYE0 + 50 * pos, Y_LEFT_EYE0 + 30 * pos,
EYE_WIDTH, EYE_HEIGHT);
//Draw nose:
g.setColor(Color.BLACK);
g.fillOval(X_NOSE0 + 50 * pos, Y_NOSE0 + 30 * pos,
NOSE_DIAMETER, NOSE_DIAMETER);
}
public void paint(Graphics canvas)
{
int i;
for (i = 0; i < 5; i++)
{//Draw one face:
if (i % 2 == 0)//If i is even,
{ //make face yellow
canvas.setColor(Color.YELLOW);
canvas.fillOval(X_FACE0 + 50 * i,
Y_FACE0 + 30 * i,
FACE_DIAMETER, FACE_DIAMETER);
}
drawFaceSansMouth(canvas, i);
//Draw mouth:
canvas.setColor(Color.RED);
canvas.drawArc(X_MOUTH0 + 50 * i, Y_MOUTH0 + 30 * i,
MOUTH_WIDTH, MOUTH_HEIGHT0 + 3 * i,
MOUTH_START_ANGLE, MOUTH_EXTENT_ANGLE);
}
//i == 5

(continued)
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LISTING 5.23 Using a Method for a Recurrent Subtask
(part 3 of 3)
//Draw kissing face:
drawFaceSansMouth(canvas, i);
//Draw mouth in shape of a kiss:
canvas.setColor(Color.RED);
canvas.fillOval(X_MOUTH0 + 50 * i + 10, Y_MOUTH0 + 30 * i,
MOUTH_WIDTH - 20, MOUTH_WIDTH - 20);
//Add text:
canvas.setColor(Color.BLACK);
canvas.drawString("Kiss, Kiss.",
X_FACE0 + 50 * i + FACE_DIAMETER, Y_FACE0 + 30 * i);
//Draw blushing face:
i++;
//Draw face circle:
canvas.setColor(Color.PINK);
canvas.fillOval(X_FACE0 + 50 * i, Y_FACE0 + 30 * i,
FACE_DIAMETER, FACE_DIAMETER);
drawFaceSansMouth(canvas, i);
//Draw mouth:
canvas.setColor(Color.RED);
canvas.drawArc(X_MOUTH0 + 50 * i, Y_MOUTH0 + 30 * i,
MOUTH_WIDTH, MOUTH_HEIGHT0 + 3 * (i - 2),
MOUTH_START_ANGLE, MOUTH_EXTENT_ANGLE);
//Add text:
canvas.setColor(Color.BLACK);
canvas.drawString("Tee Hee.",
X_FACE0 + 50 * i + FACE_DIAMETER, Y_FACE0 + 30 * i);
}
}
Applet Output

The drawing produced is identical to the one shown in Listing 4.9
except for some of the colors used to draw the faces.

Of course, you must still understand how to design and write the helping
method, but you do not have to write it three times, as you did in the older
version in Listing 4.9.
/PUJDF UIBU TJODF UIF NFUIPE drawFaceSansMouth is only a helping
method for the method paint, we have made drawFaceSansMouth a private
method.

S E L F-TE S T QU E S TIO N
35. Rewrite the method drawFaceSansMouth in Listing 5.23 so that it colors
the skin according to the color specified by one additional parameter.
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The init Method

Like paint,
the method
init is called
automatically
Use init to
initialize and
begin actions;
use paint for
drawing

4P GBS  XIFOFWFS XF IBWF EFGJOFE BO BQQMFU  XF IBWF EFGJOFE UIF NFUIPE
paint. You also can define another method named init anytime you write
an applet. Like paint, the method init is called automatically when you run
the applet. In some sense, however, the init method is more fundamental
to the applet than the paint method. The paint method is used only for
drawing, that is, for invoking methods of the class Graphics. All other actions
in an applet go, or at least start, in the init method. The init method
for applets serves a purpose similar to the main method in an application
QSPHSBN 8IFOFWFS ZPV EFGJOF BO BQQMFU DMBTT  ZPV OPSNBMMZ TIPVME EFGJOF
the initNFUIPE8FHJWFBOFYBNQMFPGBOBQQMFUDPOUBJOJOHBOinit method
in the next section.
An applet class may contain definitions for both an init method and a
paint method, although we have not yet seen any examples of such a class. It
may also contain any other method definitions you want, such as the method
drawFaceSansMouth in Listing 5.23. However, the methods init and paint
are special because they are called automatically when the applet is run.

FAQ What is the difference between the methods paint and
init?
Both the paint and init methods are called automatically when you
run an applet, but you can do different things in the two methods. You
use the method paint to draw figures and to call drawString to write
text. You use the method init to add such things as labels and buttons
to an applet. An applet can have a paint method or an init method
or both a paint method and an init method. Although you could omit
both methods from an applet, doing so would be extremely unusual.
Getting an applet to do much without at least one of these two methods
is difficult.

Adding Labels to an Applet
A label adds text
to an applet

A label in an applet is little more than a quoted string, but it is handled in the
same way that many other applet components, such as buttons, are handled.
5IVT MBCFMTQSPWJEFBOPUIFSXBZUPBEEUFYUUPBOBQQMFU8FBEEMBCFMTUPBO
applet in the same way that we will eventually add other items.
Listing 5.24 contains an applet that displays the text Hello out there!,
but this applet does not use drawString to create the displayed text; it uses
MBCFMTJOTUFBE8IFOXFBEEBDPNQPOFOUTVDIBTBMBCFMUPBOBQQMFU XFVTF
the method init rather than the method paint. In this section we add only
labels, but in the next chapter we will add buttons to applets.

5.4 Graphics Supplement

Before going into the major details of the code in Listing 5.24, let’s look
at a couple of simple but new things that are used in that applet. First note the
following statement:
Container contentPane = getContentPane();

The method getContentPane returns something called the content pane of
the applet. You can think of the content pane as the inside of the applet.
8IFOZPVBEEDPNQPOFOUTUPBOBQQMFU ZPVBEEUIFNUPUIFDPOUFOUQBOFPG
LISTING 5.24 Adding Labels to an Applet
import
import
import
import
import

javax.swing.JApplet;
javax.swing.JLabel;
java.awt.Color;
java.awt.Container;
java.awt.FlowLayout;

/**
An applet that uses a label to display text.
*/
public class LabelDemo extends JApplet
{
public void init()
{
Container contentPane = getContentPane();
contentPane.setBackground(Color.WHITE);
//Create labels:
JLabel label1 = new JLabel("Hello ");
JLabel label2 = new JLabel("out there!");
//Add labels:
contentPane.setLayout(new FlowLayout());
contentPane.add(label1);
contentPane.add(label2);
}
}
Applet Output
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An applet’s
content pane is
its inside area

setBackground
sets the color of
the content pane

the applet. The content pane is an object of type Container, which is a class
defined for you in the Java Class Library. Our main use of Container is to
declare variables to name the content pane of an applet.
The identifier contentPane is a variable of type Container. If you wish, you
may use any other identifier—except for keywords—in place of contentPane.
The method getContentPane retrieves the applet’s content pane. By giving the
content pane a name, we can use this name instead of using getContentPane
every time we want to do something with the content pane of the applet.
For example, the following statement from Listing 5.24 sets the color of
the content pane to white:
contentPane.setBackground(Color.WHITE);

The content pane of an applet, as well as most of the other components we
will discuss, can be given a color by calling the method setBackground. If
you do not call this method, the content pane or other component is given a
default color.

RECAP The Method setBackground
The method sets the color of the content pane of an applet and of most
of the other components we will discuss.
SYNTAX
Container Content_Pane = getContentPane();
Content_Pane.setBackground(Color_Object);

EXAMPLE
Container contentPaneOfApplet = getContentPane();
contentPaneOfApplet.setBackground(Color.PINK);

*O-JTUJOHXFBEEUXPMBCFMTUPPVSBQQMFU8FDPVMEIBWFBEEFEPOMZ
one label containing all the text and had the same result, but we wanted an
example of adding more than one component to an applet. Typically, you will
BEENVMUJQMFJUFNTUPBOBQQMFU8IFOZPVEPTP ZPVOFFEUPTQFDJGZIPXUIF
components should be arranged. In Listing 5.24 we did this as follows:
contentPane.setLayout(new FlowLayout());

This statement says that the components will be arranged in left-to-right order
as we add them to contentPane8FXJMMFWFOUVBMMZFYQMBJOUIJTMJOFJOEFUBJM 
but for now, just notice that our two labels appear side by side in the output
shown in Listing 5.24.

5.4 Graphics Supplement

Labels are created and added to the content pane of an applet in two
separate steps. You create a label as an object of the class JLabel, as illustrated
by the following line from Listing 5.24:
JLabel label1 = new JLabel("Hello ");

You add a label to the content pane of an applet by calling the method add, as
we did in Listing 5.24:
contentPane.add(label1);

FAQ Why bother with labels? Why not just use drawString?
Using labels in an applet seems like a lot of work when you could get
the same result simply by calling the method drawString within the
paint method. So far, that is true, but you will soon see that we can do
some special things with labels. Moreover, you will see that once you
learn how to include labels, you can easily include lots of other kinds of
components, such as buttons, because they are added to an applet in the
same way that you add labels. You will start to see all this in the graphics
supplement in the next chapter.

RECAP: Adding Labels to an Applet
You add a label to an applet’s content pane by calling the method within
the method of the init applet.
SYNTAX
Container Content_Pane = getContentPane();
JLabel Label_Name = new JLabel(A_String);
Content_Pane.setLayout(new FlowLayout());
Content_Pane.add(Label_Name);

EXAMPLE
See Listing 5.24.

S E L F-TE S T QU E S TIO N S
36. In Listing 5.24, what is the effect of replacing the identifier contentPane
in the init method with inside?
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37. In Listing 5.24, what is the effect—other than stylistic—of replacing the
line
contentPane.add(label1);

in the method with
getContentPane().add(label1);

CHAPTER SUMMARY
■

Classes have instance variables to store data and method definitions that
perform actions.

■

Each class, instance variable, and method definition can be either public or
private. Those that are public can be used or accessed anywhere. A private
instance variable cannot be accessed by name outside of its class definition.
However, it can be used within the definitions of methods in its class. A
private method definition cannot be invoked outside of its class definition.
However, it can be invoked within the definitions of methods in its class.

■

Instance variables should be private, even though as a result, they cannot be
referenced by name except within the definition of a method of the same
class.

■

"DDFTTPSNFUIPETSFUVSOUIFWBMVFPGBOJOTUBODFWBSJBCMF.VUBUPSNFUIPET
set the value of one or more instance variables.

■

Every method belongs to some class and is available to objects created from
that class.

■

There are two kinds of methods: methods that return a value and void methods, which do not return a value.

■

You can use the invocation of a method that returns a single quantity anyplace that you can use a value of the method’s return type.

■

You follow the invocation of a void method with a semicolon to form a
statement that performs an action.

■

The keyword this, when used within a method definition, represents the
object that receives the invocation of the method.

■

A local variable is a variable declared within a method definition. The variable does not exist outside of its method.

■

Arguments in a method invocation must match the formal parameters in the
method heading with respect to their number, their order, and their data types.

■

The formal parameters of a method behave like local variables. Each is initialized to the value of the corresponding argument when the method is
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called. This mechanism of substituting arguments for formal parameters is
known as the call-by-value mechanism.
■

.FUIPETDBOIBWFQBSBNFUFSTPGBQSJNJUJWFUZQFBOEPSQBSBNFUFSTPGB
class type, but the two types of parameters behave differently. A parameter
of a primitive type is initialized to the primitive value of its corresponding
argument. A parameter of a class type is initialized to the memory address,
or reference, of the corresponding argument object.

■

Any change made to a parameter of a primitive type is not made to the corresponding argument.

■

A parameter of a class type becomes another name for the corresponding
argument in a method invocation. Thus, any change that is made to the state
of the parameter will be made to the corresponding argument. However, if
a parameter is replaced by another object within the method definition, the
original argument is not affected.

■

A method definition can include a call to another method that is in either
the same class or a different class.

■

A block is a compound statement that declares a local variable.

■

Encapsulation means that data and actions are combined into a single
item—a class object—and that the details of the implementation are
IJEEFO.BLJOHBMMJOTUBODFWBSJBCMFTQSJWBUFJTQBSUPGUIFFODBQTVMBUJPO
process.

■

A method’s precondition comment states the conditions that must be true
before the method is invoked. Its postcondition comment tells what will be
true after the method is executed. That is, the postcondition describes all the
effects produced by an invocation of the method if the precondition holds.
Preconditions and postconditions are kinds of assertions.

■

The utility program javadoc creates documentation from a class’s comments
that are written in a certain form.

■

$MBTTEFTJHOFSTVTFBOPUBUJPODBMMFE6.-UPSFQSFTFOUDMBTTFT

■

6OJUUFTUJOHJTBNFUIPEPMPHZJOXIJDIUIFQSPHSBNNFSXSJUFTBTVJUFPG
tests to determine if individual units of code are operating properly.

■

The operators = and ==, when used on objects of a class, do not behave the
same as they do when used on primitive types.

■

You usually want to provide an equals method for the classes you define.

■

(SBQIJDTESBXOJOBOBQQMFUBSFOPSNBMMZQFSGPSNFEGSPNXJUIJOUIFpaint
NFUIPE.PTUPUIFSBQQMFUJOTUSVDUJPOTTIPVMEHPJOUIFinit method.

■

The parameter to the paint method in an applet is of type Graphics. The
applet drawing methods we have used are methods in the class Graphics.
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■

The method setBackground sets the color of the content pane of an applet
and most other components we will discuss.

■

You add a label to an applet’s content pane by calling the method from
within the method init of the applet.
Exercises

  %FTJHOBDMBTTUPSFQSFTFOUBDSFEJUDBSE5IJOLBCPVUUIFBUUSJCVUFTPGB
DSFEJUDBSEUIBUJT XIBUEBUBJTPOUIFDBSE 8IBUCFIBWJPSTNJHIUCF
SFBTPOBCMFGPSBDSFEJUDBSE 6TFUIFBOTXFSTUPUIFTFRVFTUJPOTUPXSJUF
B6.-DMBTTEJBHSBNGPSBDSFEJUDBSEDMBTT5IFOHJWFUISFFFYBNQMFTPG
instances of this class.
2. Repeat Exercise 1 for a credit card account instead of a credit card. An account represents the charges and payments made using a credit card.
3. Repeat Exercise 1 for a coin instead of a credit card.
4. Repeat Exercise 1 for a collection of coins instead of a credit card.
5. Consider a Java class that you could use to get an acceptable integer value
from the user. An object of this class will have the attributes
t .JOJNVNBDDFQUFEWBMVF
t .BYJNVNBDDFQUFEWBMVF
t 1SPNQUTUSJOH
and the following method:
t getValue displays the prompt and reads a value using the class Scanner. If
the value read is not within the allowed range, the method should display an
error message and ask the user for a new value, repeating these actions until
an acceptable value is entered. The method then returns the value read.
 B 8SJUFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPSUIFNFUIPEHFU7BMVF
b. Implement the class in Java.
 D 8SJUFTPNF+BWBTUBUFNFOUTUIBUUFTUUIFDMBTT
6. Consider a class that keeps track of the sales of an item. An object of this
class will have the attributes
t /VNCFSTPME
t 5PUBMTBMFT
t 5PUBMEJTDPVOUT
t $PTUQFSJUFN
t #VMLRVBOUJUZ
t #VMLEJTDPVOUQFSDFOUBHF
and the following methods:
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t registerSale(n) records the sale of n items. If n is larger than the bulk
quantity, the cost per item will be reduced by the bulk discount.
t displaySales displays the number sold, the total sales, and total
discount.
a. Implement the class in Java.
 C 8SJUFTPNF+BWBTUBUFNFOUTUIBUUFTUUIFDMBTT
7. Consider a class MotorBoat that represents motorboats. A motorboat has
attributes for
t 5IFDBQBDJUZPGUIFGVFMUBOL
t 5IFBNPVOUPGGVFMJOUIFUBOL
t 5IFNBYJNVNTQFFEPGUIFCPBU
t 5IFDVSSFOUTQFFEPGUIFCPBU
t 5IFFGGJDJFODZPGUIFCPBUTNPUPS
t 5IFEJTUBODFUSBWFMFE
The class has methods to
t $IBOHFUIFTQFFEPGUIFCPBU
t 0QFSBUFUIFCPBUGPSBOBNPVOUPGUJNFBUUIFDVSSFOUTQFFE
t 3FGVFMUIFCPBUXJUITPNFBNPVOUPGGVFM
t 3FUVSOUIFBNPVOUPGGVFMJOUIFUBOL
t 3FUVSOUIFEJTUBODFUSBWFMFETPGBS
If the boat has efficiency e, the amount of fuel used when traveling at
a speed s for time t is e × s2 × t. The distance traveled in that time is
s × t.
 B 8SJUFBNFUIPEIFBEJOHGPSFBDINFUIPE
 C 8SJUFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPSFBDINFUIPE
 D 8SJUFTPNF+BWBTUBUFNFOUTUIBUUFTUUIFDMBTT
d. Implement the class.
8. Consider a class PersonAddress that represents an entry in an address
book. Its attributes are
t 5IFGJSTUOBNFPGUIFQFSTPO
t 5IFMBTUOBNFPGUIFQFSTPO
t 5IFFNBJMBEESFTTPGUIFQFSTPO
t 5IFUFMFQIPOFOVNCFSPGUIFQFSTPO
It will have methods to
t "DDFTTFBDIBUUSJCVUF
t $IBOHFUIFFNBJMBEESFTT
t $IBOHFUIFUFMFQIPOFOVNCFS
t 5FTUXIFUIFSUXPJOTUBODFTBSFFRVBMCBTFETPMFMZPOOBNF
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 B 8SJUFBNFUIPEIFBEJOHGPSFBDINFUIPE
 C 8SJUFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPSFBDINFUIPE
 D 8SJUFTPNF+BWBTUBUFNFOUTUIBUUFTUUIFDMBTT
d. Implement the class.
9. Consider a class RatingScore that represents a numeric rating for something such as a movie. Its attributes are
t "EFTDSJQUJPOPGXIBUJTCFJOHSBUFE
t 5IFNBYJNVNQPTTJCMFSBUJOH
t 5IFSBUJOH
It will have methods to
t (FUUIFSBUJOHGSPNBVTFS
t 3FUVSOUIFNBYJNVNSBUJOHQPTTJCMF
t 3FUVSOUIFSBUJOH
t 3FUVSOBTUSJOHTIPXJOHUIFSBUJOHJOBGPSNBUTVJUBCMFGPSEJTQMBZ
 B 8SJUFBNFUIPEIFBEJOHGPSFBDINFUIPE
 C 8SJUFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPSFBDINFUIPE
 D 8SJUFTPNF+BWBTUBUFNFOUTUIBUUFTUUIFDMBTT
d. Implement the class.
10. Consider a class ScienceFairProjectRating that will be used to help
judge a science fair project. It will use the class RatingScore described in
the previous exercise. The attributes for the new class are
t 5IFOBNFPGUIFQSPKFDU
t "VOJRVFJEFOUJGJDBUJPOTUSJOHGPSUIFQSPKFDU
t 5IFOBNFPGUIFQFSTPO
t "SBUJOHGPSUIFDSFBUJWFBCJMJUZ NBY
t "SBUJOHGPSUIFTDJFOUJGJDUIPVHIU NBY
t "SBUJOHGPSUIPSPVHIOFTT NBY
t "SBUJOHGPSUFDIOJDBMTLJMMT NBY
t "SBUJOHGPSDMBSJUZ NBY
It will have methods to
t (FUUIFOVNCFSPGKVEHFT
t (FUBMMUIFSBUJOHTGPSBQBSUJDVMBSQSPKFDU
t 3FUVSOUIFUPUBMPGUIFSBUJOHTGPSBQBSUJDVMBSQSPKFDU
t 3FUVSOUIFNBYJNVNUPUBMSBUJOHQPTTJCMF
t 3FUVSOBTUSJOHTIPXJOHBQSPKFDUTSBUJOHJOBGPSNBUTVJUBCMFGPSEJTQMBZ
 B 8SJUFBNFUIPEIFBEJOHGPSFBDINFUIPE
 C 8SJUFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPSFBDINFUIPE
 D 8SJUFTPNF+BWBTUBUFNFOUTUIBUUFTUUIFDMBTT
d. Implement the class.
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PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
 8SJUFBQSPHSBNUPBOTXFSRVFTUJPOTMJLFUIFGPMMPXJOH4VQQPTFUIFTQFDJFT
Klingon ox has a population of 100 and a growth rate of 15 percent, and
the species elephant has a population of 10 and a growth rate of 35 percent. How many years will it take for the elephant population to exceed the
,MJOHPOPYQPQVMBUJPO 6TFUIFDMBTTSpecies in Listing 5.19. Your program
will ask for the data on both species and will respond by telling you how
many years it will take for the species that starts with the lower population
to outnumber the species that starts with the higher population. The two
species may be entered in any order. It is possible that the species with the
smaller population will never outnumber the other species. In this case,
your program should display a suitable message stating this fact.
  %FGJOFBDMBTTDBMMFECounter. An object of this class is used to count things,
so it records a count that is a nonnegative whole number. Include methods
to set the counter to 0, to increase the count by 1, and to decrease the count
by 1. Be sure that no method allows the value of the counter to become
negative. Also include an accessor method that returns the current count
WBMVF BTXFMMBTBNFUIPEUIBUEJTQMBZTUIFDPVOUPOUIFTDSFFO%POPU
define an input method. The only method that can set the counter is the
POFUIBUTFUTJUUP[FSP8SJUFBQSPHSBNUPUFTUZPVSDMBTTEFGJOJUJPO Hint:
You need only one instance variable.)
  8SJUFBHSBEJOHQSPHSBNGPSBOJOTUSVDUPSXIPTFDPVSTFIBTUIFGPMMPXJOH
policies:
t 5XPRVJ[[FT FBDIHSBEFEPOUIFCBTJTPGQPJOUT BSFHJWFO
t 0OF NJEUFSN FYBN BOE POF GJOBM FYBN  FBDI HSBEFE PO UIF CBTJT PG
100 points, are given.
t 5IFGJOBMFYBNDPVOUTGPSQFSDFOUPGUIFHSBEF UIFNJEUFSNDPVOUT
for 25 percent, and the two quizzes together count for a total of 25
QFSDFOU %P OPU GPSHFU UP OPSNBMJ[F UIF RVJ[ TDPSFT 5IFZ TIPVME CF
converted to percentages before they are averaged in.)
Any grade of 90 percent or more is an A, any grade between 80 and 89
percent is a B, any grade between 70 and 79 percent is a C, any grade
CFUXFFO  BOE  QFSDFOU JT B %  BOE BOZ HSBEF CFMPX  QFSDFOU JT
an F.
The program should read in the student’s scores and display the student’s
record, which consists of two quiz scores, two exam scores, the student’s
total score for the entire course, and the final letter grade. The total score
is a number in the range 0 to 100, which represents the weighted average
of the student’s work.
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%FGJOF BOE VTF B DMBTT GPS UIF TUVEFOU SFDPSE 5IF DMBTT TIPVME IBWF
instance variables for the quizzes, midterm, final, total score for the
course, and final letter grade. The class should have input and output
methods. The input method should not ask for the final numeric
grade, nor should it ask for the final letter grade. The class should have
methods to compute the overall numeric grade and the final letter grade.
These last two methods will be void methods that set the appropriate
instance variables. Remember, one method can call another method.
If you prefer, you can define a single method that sets both the overall
numeric score and the final letter grade, but if you do this, use a helping
method. Your program should use all the methods described here. Your
class should have a reasonable set of accessor and mutator methods,
whether or not your program uses them. You may add other methods if
you wish.
4. Add methods to the PersonDMBTTGSPN4FMG5FTU2VFTUJPOUPQFSGPSN
the following tasks:
t 4FUUIFOBNFBUUSJCVUFPGBPerson object.
t 4FUUIFBHFBUUSJCVUFPGBPerson object.
t 5FTU XIFUIFS UXP Person objects are equal (have the same name and
age).
t 5FTUXIFUIFSUXPPerson objects have the same name.
t 5FTUXIFUIFSUXPPerson objects are the same age.
t 5FTUXIFUIFSPOFPerson object is older than another.
t 5FTUXIFUIFSPOFPerson object is younger than another.
8SJUFBESJWFS UFTU QSPHSBNUIBUEFNPOTUSBUFTFBDINFUIPE XJUIBUMFBTU
one true and one false case for each of the methods tested.
  $SFBUFBDMBTTUIBUSFQSFTFOUTBHSBEFEJTUSJCVUJPOGPSBHJWFODPVSTF8SJUF
methods to perform the following tasks:
t 4FUUIFOVNCFSPGFBDIPGUIFMFUUFSHSBEFT" # $ % BOE'
t 3FBEUIFOVNCFSPGFBDIPGUIFMFUUFSHSBEFT" # $ % BOE'
t 3FUVSOUIFUPUBMOVNCFSPGHSBEFT
t 3FUVSOUIFQFSDFOUBHFPGFBDIMFUUFSHSBEFBTBXIPMFOVNCFSCFUXFFO
and 100, inclusive.
t %SBXBCBSHSBQIPGUIFHSBEFEJTUSJCVUJPO
The graph will have five bars, one per grade. Each bar can be a horizontal
row of asterisks, such that the number of asterisks in a row is proportionate
to the percentage of grades in each category. Let one asterisk represent 2
QFSDFOU  TP  BTUFSJTLT DPSSFTQPOE UP  QFSDFOU .BSL UIF IPSJ[POUBM
axis at 10 percent increments from 0 to 100 percent, and label each line
with its letter grade.
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'PS FYBNQMF  JG UIF HSBEFT BSF  "   #T   $T   %T  BOE  '  UIF UPUBM
number of grades is 14, the percentage of As is 7, the percentage of Bs
JT   UIF QFSDFOUBHF PG $T JT   UIF QFSDFOUBHF PG %T JT   BOE UIF
percentage of Fs is 7. The A row would contain 4 asterisks (7 percent of 50
SPVOEFEUPUIFOFBSFTUJOUFHFS UIF#SPX UIF$SPX UIF%SPX 
and the F row 4. The graph would look like this:
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  8SJUFBQSPHSBNUIBUVTFTUIFPurchase class in Listing 5.13 to set the following prices:
Oranges: 10 for $2.99
Eggs: 12 for $1.69
Apples: 3 for $1.00
8BUFSNFMPOTFBDI
Bagels: 6 for $3.50
Then calculate the cost of each of the following five items and the total bill:
2 dozen oranges
3 dozen eggs
20 apples
2 watermelons
1 dozen bagels
  8SJUFBQSPHSBNUPBOTXFSRVFTUJPOTMJLFUIFGPMMPXJOH4VQQPTFUIFTQFcies Klingon ox has a population of 100 and a growth rate of 15 percent,
and it lives in an area of 1500 square miles. How long would it take for
UIFQPQVMBUJPOEFOTJUZUPFYDFFEQFSTRVBSFNJMF 6TFUIFDMBTTSpecies
in Listing 5.19 with the addition of the getDensityNFUIPEGSPN4FMG5FTU
Question 10.
8. Consider a class that could be used to play a game of hangman. The class
has the following attributes:
t 5IFTFDSFUXPSE
t 5IFEJTHVJTFEXPSE JOXIJDIFBDIVOLOPXOMFUUFSJOUIFTFDSFUXPSE
is replaced with a question mark (?). For example, if the secret word is
abracadabra and the letters a, b, and e have been guessed, the disguised
word would be ab?a?a?ab?a.

VideoNote
Developing a solution to
Project 8
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t 5IFOVNCFSPGHVFTTFTNBEF
t 5IFOVNCFSPGJODPSSFDUHVFTTFT
It will have the following methods:
t makeGuess(c) guesses that character c is in the word.
t getDisguisedWord returns a string containing correctly guessed letters
in their correct positions and unknown letters replaced with ?.
t getSecretWord returns the secret word.
t getGuessCount returns the number of guesses made.
t isFound returns true if the hidden word has been discovered.
 B 8SJUFBNFUIPEIFBEJOHGPSFBDINFUIPE
 C 8SJUFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPSFBDINFUIPE
 D 8SJUFTPNF+BWBTUBUFNFOUTUIBUUFTUUIFDMBTT
d. Implement the class.
e. List any additional methods and attributes needed in the implementation that were not listed in the original design. List any other changes
made to the original design.
 G 8SJUFBQSPHSBNUIBUJNQMFNFOUTUIFHBNFPGIBOHNBOVTJOHUIFDMBTT
you wrote for Part d.
9. Consider a class BasketballGame that represents the state of a basketball
game. Its attributes are
t 5IFOBNFPGUIFGJSTUUFBN
t 5IFOBNFPGUIFTFDPOEUFBN
t 5IFTDPSFPGUIFGJSTUUFBN
t 5IFTDPSFPGUIFTFDPOEUFBN
t 5IFTUBUVTPGUIFHBNF GJOJTIFEPSJOQSPHSFTT
BasketballGame has methods to

t 3FDPSEPOFQPJOUTDPSFEGPSBUFBN
t 3FDPSEUXPQPJOUTTDPSFEGPSBUFBN
t 3FDPSEUISFFQPJOUTTDPSFEGPSBUFBN
t $IBOHFUIFTUBUVTPGUIFHBNFUPGJOJTIFE
t 3FUVSOUIFTDPSFPGBUFBN
t 3FUVSOUIFOBNFPGUIFUFBNUIBUJTDVSSFOUMZXJOOJOH
 B 8SJUFBNFUIPEIFBEJOHGPSFBDINFUIPE
 C 8SJUFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPSFBDINFUIPE
 D 8SJUFTPNF+BWBTUBUFNFOUTUIBUUFTUUIFDMBTT
d. Implement the class.
e. List any additional methods and attributes needed in the implementation that were not listed in the original design. List any other changes
made to the original design.
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 G 8SJUFBQSPHSBNUIBUVTFTUIFDMBTT BasketballGame to keep track of
UIFTDPSFPGBCBTLFUCBMMHBNF6TFBMPPQUIBUSFBETJOQVUFBDIUJNF
a basket is scored. (You will need to indicate the scoring team and the
number of points scored for each basket: 1, 2, or 3.) After each input is
read, display the current score of the game. For example, a portion of
the interaction with the program might be as follows:

Enter a score:
a 1
Cats 1, Dogs 0; Cats are winning.
Enter a score:
a 2
Cats 3, Dogs 0; Cats are winning.
Enter a score:
b 2
Cats 3, Dogs 2; Cats are winning.
Enter a score:
b 3
Cats 3, Dogs 5; Dogs are winning.

10. Consider a class ConcertPromoter that records the tickets sold for a performance. Before the day of the concert, tickets are sold only over the phone.
4BMFTPOUIFEBZPGUIFQFSGPSNBODFBSFNBEFPOMZJOQFSTPOBUUIFDPODFSU
venue. The class has the following attributes:
t 5IFOBNFPGUIFCBOE
t 5IFDBQBDJUZPGUIFWFOVF
t 5IFOVNCFSPGUJDLFUTTPME
t 5IFQSJDFPGBUJDLFUTPMECZQIPOF
t 5IFQSJDFPGBUJDLFUTPMEBUUIFDPODFSUWFOVF
t 5IFUPUBMTBMFTBNPVOU
It has methods to
t 3FDPSEUIFTBMFPGPOFPSNPSFUJDLFUT
t $IBOHFGSPNQIPOFTBMFTUPTBMFTBUUIFDPODFSUWFOVF
t 3FUVSOUIFOVNCFSPGUJDLFUTTPME
t 3FUVSOUIFOVNCFSPGUJDLFUTSFNBJOJOH
t 3FUVSOUIFUPUBMTBMFTGPSUIFDPODFSU
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 B 8SJUFBNFUIPEIFBEJOHGPSFBDINFUIPE
 C 8SJUFQSFDPOEJUJPOTBOEQPTUDPOEJUJPOTGPSFBDINFUIPE
 D 8SJUFTPNF+BWBTUBUFNFOUTUIBUUFTUUIFDMBTT
d. Implement the class.
e. List any additional methods and attributes needed in the implementation that were not listed in the original design. List any other changes
made to the original design.
 G 8SJUFBQSPHSBNVTJOHUIFDMBTTZPVXSPUFGPS1BSUd that will be used
to record sales for a concert. Your program should record phone sales,
then sales at the venue. As tickets are sold, the number of seats remaining should be displayed. At the end of the program, display the number
of tickets sold and the total sales amount for the concert.
11. Rewrite the Dog class given in Listing 5.1 by utilizing the information and
FODBQTVMBUJPOQSJODJQMFTEFTDSJCFEJO4FDUJPO5IFOFXWFSTJPOTIPVME
include accessor and mutator methods. Also define an equals method
for the class that returns true if the dog’s name, age, and breed match the
same variables for the other object that is being compared. Include a main
method to test the functionality of the new Dog class.
12. Consider a class Movie that contains information about a movie. The class
has the following attributes:
t 5IFNPWJFOBNF
t 5IF.1""SBUJOH FH ( 1( 1( 3
t 5IFOVNCFSPGQFPQMFUIBUIBWFSBUFEUIJTNPWJFBTB
t 5IFOVNCFSPGQFPQMFUIBUIBWFSBUFEUIJTNPWJFBTB
t 5IFOVNCFSPGQFPQMFUIBUIBWFSBUFEUIJTNPWJFBTB
t 5IFOVNCFSPGQFPQMFUIBUIBWFSBUFEUIJTNPWJFBTB
t 5IFOVNCFSPGQFPQMFUIBUIBWFSBUFEUIJTNPWJFBTB

VideoNote
Solution to Project 12

5FSSJCMF
#BE
0,
(PPE
(SFBU

Implement the class with accessors and mutators for the movie name and
.1""SBUJOH8SJUFBNFUIPEaddRating that takes an integer as an input
parameter. The method should verify that the parameter is a number
between 1 and 5, and if so, increment by one the number of people rating
the movie that matches the input parameter. For example, if 3 is the input
parameter, then the number of people that rated the movie as a 3 should
CFJODSFNFOUFECZPOF8SJUFBOPUIFSNFUIPE  getAverage, that returns
the average value for all of the movie ratings.
Test the class by writing a main method that creates at least two movie
objects, adds at least five ratings for each movie, and outputs the movie
OBNF .1""SBUJOH BOEBWFSBHFSBUJOHGPSFBDINPWJFPCKFDU

Graphics

13. Repeat Programming Project 18 from Chapter 4, but use a method that
displays a circular disk as a subtask.
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14. Create an applet or Java application that displays something like the following picture. You should have methods for drawing a monkey face and
a hand.

Hear no evil

See no evil

Speak no evil

Answers to Self-Test Questions
1. SpeciesFirstTry speciesOfTheYear = new SpeciesFirstTry();
System.out.println("Enter data for Species of the Year:");
speciesOfTheYear.readInput();

2. dilbert.readInput();
3. import java.util.Scanner;
public class SpeciesFirstTry
{
public String name;
public int number;
public int population;
public double growthRate;
public void readInput()
{
Scanner keyboard = new Scanner(System.in);
System.out.println("What is the species name?");
name = keyboard.nextLine();
System.out.println("What is the species number?");
number = keyboard.nextInt();
System.out.println("What is the population of the " +
"species?");
population = keyboard.nextInt();
System.out.println("Enter growth rate (% increase " +
"per year):");
growthRate = keyboard.nextDouble();
}
public void writeOutput()
{
System.out.println("Name = " + name);
System.out.println("Number = " + number);
System.out.println("Population = " + population);
System.out.println("Growth rate = " + growthRate + "%");

Graphics
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}
public int getPopulationIn10()
<This method does not change.>
}

4. public int getFemalePopulation()
{
return population / 2 + population % 2;
}
public int getMalePopulation()
{
return population / 2;
}

5. public void writeOutput()
{
System.out.println("Name = " + this.name);
System.out.println("Population = " + this.population);
System.out.println("Growth rate = " + this.growthRate + "%");
}

6. public void readInput()
{
Scanner keyboard = new Scanner(System.in); System.out.
println("What is the species name?");
this.name = keyboard.nextLine();
System.out.println(
"What is the population of the species?");
this.population =
keyboard.nextInt();
System.out.println(
"Enter growth rate (% increase per year):");
this.growthRate = keyboard.nextDouble();
}

7. public int getPopulationIn10()
{
int result = 0;
double populationAmount = this.population;
int count = 10;
while ((count > 0) && (populationAmount > 0))
{
populationAmount = (populationAmount +
(this.growthRate / 100) * populationAmount);
count----;
}
if (populationAmount > 0)
result = (int)populationAmount;
return result;
}

5.4 Graphics Supplement

8. The expression (int)is a type cast. It is needed because the method heading specifies that the type of the returned value is int, and so the value
of populationAmount must be changed from double to int before it is
returned.
9. In this book the terms parameter and formal parameter mean exactly the
same thing.
10. public double getDensity(double area)
{
return population / area;
}

11. public void changePopulation(double area)
{
population = (int)(2 * area);
}

12. public void changePopulation(double area, int numberPerMile)
{
population = (int)(numberPerMile * area);
}

 8FDBOOPUVTFUIFBMUFSOBUJWFDPEF CFDBVTFUIFJOTUBODFWBSJBCMFTBSFMBbeled private in the class definition and so cannot be accessed by name
except within a method definition of the class SpeciesFourthTry.
14. /**
Precondition: This objects population and growth rate have
been given values.
Postcondition: This object population was updated to reflect
one year's change. Other data values are unchanged.
*/

15. An accessor method is a public method that returns the data from a private
instance variable. The name of an accessor method typically begins with
get. A mutator method is a public method that changes the data stored
in one or more private instance variables. The name of a mutator method
typically begins with set.
16. import java.util.Scanner;
public class Person
{
private String name;
private int age;
public void setName(String newName)
{
name = newName;
}
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public void setAge(int newAge)
{
if (newAge >= 0)
age = newAge;
else
{
System.out.println("ERROR: Age is " +
"negative.");
System.exit(0);
}
}
public void setPerson(String newName, int newAge)
{
setName(newName);
setAge(newAge)
}
public String getName()
{
return name;
}
public int getAge()
{
return age;
}
}

 :FT4FF-JTUJOHGPSBOFYBNQMF
 /PFGGFDUBUBMM5IFUXPTUBUFNFOUTBSFFRVJWBMFOUJOUIJTDPOUFYU
19. A well-encapsulated class definition logically separates into class interface
and implementation. A programmer should be able to use the class knowing only the information given in the class interface and should need to
know nothing about the implementation.
20. Instance variables should always be private.
21. If a method is a helping method that is used only within the definitions of
other methods, it should be private.
 /P JUJTQBSUPGUIFJNQMFNFOUBUJPO
 /P JUJTQBSUPGUIFJNQMFNFOUBUJPO
24. A reference type is a type whose variables hold references—that is, memory
addresses—as opposed to actual values of objects. Class types are referFODFUZQFT/PUBMMSFGFSFODFUZQFTBSFDMBTTUZQFT CVUXFXJMMOPUTFFBOZ
examples of this until later in the book. Primitive types are not reference
types.

5.4 Graphics Supplement

 /PSNBMMZ  ZPV VTF UIF NFUIPE equals when testing two objects to see
whether they are “equal.” The only time you would use = = is if you wanted
to see whether the objects were in the same place in memory, that is, were
identical.
26. You use == when comparing two quantities of a primitive type (like int)
to see whether they are “equal.” Primitive types have no equals method.
27. /**
Precondition: This object and the argument otherSpecies both
have values for their growth rates.
Returns true if the growth rate of this object is greater than
the growth rate of otherSpecies; otherwise, returns false.
*/
public boolean isGrowthRateLargerThan(Species otherSpecies)
{
return growthRate > otherSpecies.growthRate;
}

28. The variables s1 and s2 are names for objects of type Species, but this program does not create any objects for them to name. They are just names,
not yet objects. The program should begin as follows:
public class SpeciesEqualsDemo
{
public static void main(String[] args)
{
Species s1 = new Species(), s2 = new Species();
<The rest of the code is OK.>

29. Do Not match with ==.
30. The biggest difference is in how a method handles arguments that correspond to the different kinds of parameters. A method cannot change the
value of a variable of a primitive type that is an argument to the method,
nor can it replace an argument of a class type with another object. On the
other hand, a method can change the values of the instance variables of an
object of a class type whose name is an argument to the method.
31. Name = Klingon ox
Population = 10
Growth rate = 15.0%
n = 0

32. Here are two possible definitions of equals. The first definition considers
two Person objects equal if they have the same name, regardless of their
ages. The second one considers two Person objects equal if they have both
the same name and the same age.
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public boolean equals(Person otherObject)
{
return this.name.equalsIgnoreCase(otherObject.name);
}
public boolean equals(Person otherObject)
{
return this.name.equalsIgnoreCase(otherObject.name) &&
(this.age == otherObject.age);
}
You can omit all the occurrences of this and the dot that follows.

33. It would have no effect. The applet would behave in exactly the same way.
4JODF canvas is only a parameter, you may use any other (nonkeyword)
identifier in place of canvas.
34. The method paint is invoked automatically when the applet is run.
35. private void drawFaceSansMouth(Graphics g,int pos, Color skinColor)
{
g.setColor(skinColor);
g.fillOval(X_FACE0 + 50 * pos, Y_FACE0 + 30 * pos,
FACE_DIAMETER, FACE_DIAMETER);
g.setColor(Color.BLACK);
g.drawOval(X_FACE0 + 50 * pos, Y_FACE0 + 30 * pos,
FACE_DIAMETER, FACE_DIAMETER);
//Draw eyes:
g.setColor(Color.BLUE);
g.fillOval(X_RIGHT_EYE0 + 50 * pos,
Y_RIGHT_EYE0 + 30 * pos,
EYE_WIDTH, EYE_HEIGHT);
g.fillOval(X_LEFT_EYE0 + 50 * pos,
Y_LEFT_EYE0 + 30 * pos,
EYE_WIDTH, EYE_HEIGHT);
//Draw nose:
g.setColor(Color.BLACK);
g.fillOval(X_NOSE0 + 50 * pos, Y_NOSE0 + 30 * pos,
NOSE_DIAMETER, NOSE_DIAMETER);
}

36. The change would have no effect, as long as you also replace contentPane
with inside wherever else it occurs in the method init.
37. The change would have no effect.
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A tourist stopped an elderly gentleman on the streets of New York City and
asked him, “Please sir, could you tell me how I can get to Carnegie Hall?”
“Practice, practice, practice,” the old gentleman replied.
"7&3:0-%+0,&

In this chapter, we continue our discussion of how to define and use classes
and their methods. As part of that discussion, we introduce constructors,
which are methods used to create a new object. You have already used a
constructor when you used the operator new. Java supplied that constructor,
but we will show you how to write your own constructors.
In addition, we examine static methods. The method main is static, so
our discussion will help you understand it. But you can also write other static
methods that can be invoked using the class name, rather than an object name.
You will also learn about overloading, which allows you to give two or
more methods the same name within the same class. We also discuss packages,
which are libraries of classes that you can use in other class definitions. Again,
you have used packages when you used classes in the Java Class Library. Along
the way, we cover a number of program design techniques that will help you
write better method definitions.
Finally, in the graphics supplement, you will see how to add buttons
and icons—which are small pictures—to your applets. We also discuss an
important programming technique—event-driven programming—that is often
used for applets and other graphics programs.

OBJECTIVES
After studying this chapter, you should be able to
t %FGJOFBOEVTFBDMBTTTDPOTUSVDUPST
t 8SJUFBOEVTFTUBUJDWBSJBCMFTBOETUBUJDNFUIPET
t 6TFNFUIPETJOUIFQSFEFGJOFEMath class
t 6TFUIFQSFEFGJOFEXSBQQFSDMBTTFT
t 6TFTUVCT ESJWFST BOEPUIFSUFDIOJRVFTUPUFTUZPVSDMBTTFTBOEQSPHSBNT
t 8SJUFBOEVTFPWFSMPBEFENFUIPET
t %FGJOFBOEVTFFOVNFSBUJPONFUIPET
t %FGJOFBOEVTFQBDLBHFTBOEimport statements
t "EECVUUPOTBOEJDPOTUPZPVSBQQMFUT
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PREREQUISITES
You must cover the material in Chapter 5 before reading this chapter. As we
describe next, certain sections of this chapter can be postponed until after
ZPVWFSFBETPNFPGUIFTVCTFRVFOUDIBQUFST
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Section 6.5 discusses some subtle points about using instance variables
of a class type. Strictly speaking, this section is not required for the rest of the
material in this book and so can be postponed. However, Section 6.5 does
discuss fundamental issues that you should read at some point.
The material on writing packages in Section 6.7 requires a knowledge of
folders (directories) and path variables. Folders and path variables are not
Java topics; they are operating system topics, and the details depend on what
operating system you are using. Section 6.7 is not required for any other material
in this book, so you need not cover this section until you are ready to do so.

6.1 CONSTRUCTORS
First things first.
—COMMON SAYING

When you create an object of a class using the new operator, you invoke a
special kind of method called a constructor. At that time, you often want
certain initializing actions to occur, such as giving specific values to the
instance variables. A constructor will perform such initializations. In this
section, we tell you how to define and use constructors.

Constructors
create and
initialize new
objects

Defining Constructors
A constructor is a special method that is called when you use the new operator Using new calls a
UPDSFBUFBOFXPCKFDU6OUJMOPX +BWBIBTTVQQMJFEBDPOTUSVDUPSGPSVT'PS constructor
example, given the class Species in Listing 5.19 of the previous chapter, we
can create a new Species object by writing
Species earthSpecies = new Species();

The first part of this statement, Species earthSpecies, declares the variable
earthSpecies to be a name for an object of the class Species. The second
part, newSpecies(), creates and initializes a new object, whose address is then
assigned to earthSpecies. Here Species() is a call to the constructor that
Java provided for the class. The parentheses are empty because this particular
constructor takes no arguments.
'PS UIF DMBTTFT ZPVWF TFFO UIVT GBS  UIF DPOTUSVDUPST DSFBUF PCKFDUT BOE
give their instance variables default initial values. These values might not be
what you want, however. Instead, you may wish to have some or all instance
variables initialized to your specifications at the time an object is created. You
can do this by writing your own constructors.
A constructor can perform any action you write into its definition, but a
constructor is meant to perform initializing actions, such as initializing the
values of instance variables. Constructors serve essentially the same purpose
as set methods. But unlike set methods, constructors create an object as well as
initializing it. Like set methods, constructors can have parameters.

A constructor
supplied by Java
uses default
initial values
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A class diagram
does not include
constructors

Instance variables
that you do not
initialize are
given default
initial values by
Java

-FUTDPOTJEFSBTJNQMFDMBTTUPSFQSFTFOUPVSQFUT4VQQPTFUIBUXFEFTDSJCF
a pet by its name, its age, and its weight. We could give basic behaviors to a
pet object that simply set or get these three attributes. Now imagine that we
draw a class diagram like the one in Figure 6.1 for a class named Pet. Notice
the four methods that set different instance variables. One sets all three of the
instance variables name, age, and weight. The other three methods set only
one instance variable each. This class diagram does not include constructors,
as is typical.
One property of constructors that may seem strange at first is that each
constructor has the same name as its class. So if the class is named Species,
its constructors are named Species. If the class is named Pet, the constructors
are named Pet.
Constructors often have multiple definitions, each with different numbers
PSUZQFTPGQBSBNFUFST BOEUIFZTPNFUJNFTQBSBMMFMBDMBTTTTFUNFUIPET"T
an example, Listing 6.1 contains a definition of our class Pet that includes
several constructors. Note that the headings of these constructors do not have
the word void. When you define a constructor, you do not specify any return
type, not even void. These constructors look very much like our set methods,
which are void methods. In fact, we have grouped each constructor with its
TJNJMBS TFU NFUIPE  KVTU GPS UIJT FYBNQMF 6OMJLF TPNF PG UIF TFU NFUIPET 
however, the constructors give values to all the instance variables, even though
they might not have a parameter for each instance variable. If you do not
initialize a particular instance variable, Java will do so by giving it a default
value. However, it is normal programming practice to explicitly give values to
all the instance variables when defining a constructor.
FIGURE 6.1 Class Diagram for a Class Pet
Pet
– name: String
- age: int
- weight: double

+
+
+
+
+
+
+
+

writeOutput(): void
setPet(String newName,int newAge,double newWeight): void
setName(String newName): void
setAge(int newAge): void
setWeight(double newWeight): void
getName(): String
getAge(): int
getWeight(): double

6.1 Constructors

LISTING 6.1 The Class Pet: An Example of Constructors
and Set Methods (part 1 of 3)
/**
Class for basic pet data: name, age, and weight.
*/
public class Pet
{
private String name;
private int age;
//in years
private double weight;//in pounds
public Pet()
Default constructor
{
name = "No name yet.";
age = 0;
weight = 0;
}
public Pet(String initialName, int initialAge,
double initialWeight)
{
name = initialName;
if ((initialAge < 0) || (initialWeight < 0))
{
System.out.println("Error: Negative age or weight.");
System.exit(0);
}
else
{
age = initialAge;
weight = initialWeight;
}
}
public void setPet(String newName, int newAge,
double newWeight)
{
name = newName;
if ((newAge < 0) || (newWeight < 0))
{
System.out.println("Error: Negative age or weight.");
System.exit(0);
}
else
{
age = newAge;
weight = newWeight;
}
}

(continued)
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LISTING 6.1 The Class Pet: An Example of Constructors
and Set Methods (part 2 of 3)
public Pet(String initialName)
{
name = initialName;
age = 0;
weight = 0;
}
public void setName(String newName)
{
name = newName; //age and weight are unchanged.
}
public Pet(int initialAge)
{
name = "No name yet.";
weight = 0;
if (initialAge < 0)
{
System.out.println("Error: Negative age.");
System.exit(0);
}
else
age = initialAge;
}
public void setAge(int newAge)
{
if (newAge < 0)
{
System.out.println("Error: Negative age.");
System.exit(0);
}
else
age = newAge;
//name and weight are unchanged.
}
public Pet(double initialWeight)
{
name = "No name yet";
age = 0;
if (initialWeight < 0)
{
System.out.println("Error: Negative weight.");
System.exit(0);
}

(continued)

6.1 Constructors

LISTING 6.1 The Class Pet: An Example of Constructors
and Set Methods (part 3 of 3)
else
weight = initialWeight;
}
public void setWeight(double newWeight)
{
if (newWeight < 0)
{
System.out.println("Error: Negative weight.");
System.exit(0);
}
else
weight = newWeight; //name and age are unchanged.
}
public String getName()
{
return name;
}
public int getAge()
{
return age;
}
public double getWeight()
{
return weight;
}
public void writeOutput()
{
System.out.println("Name: " + name);
System.out.println("Age: " + age + " years");
System.out.println("Weight: " + weight + " pounds");
}
}

REMEMBER Constructors and Set Methods Are Used in Related
but Different Ways
Constructors are called only when you create an object. To change the
state of an existing object, you need one or more set methods.
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A default
constructor has
no parameters

Java defines a
constructor if you
do not

Constructors
can require
arguments

Listing 6.1 includes a constructor named Pet that has no parameters.
Such a constructor is called a default constructor. Typically, whenever
you define at least one constructor, you should also include a constructor
without parameters. If you look at the definition of the class Species in
the previous chapter, you will not find any constructor definitions at all.
Whenever a class definition does not have a constructor definition, Java
automatically defines a default constructor, that is, one without parameters.
This automatically defined constructor creates an object of the class and
initializes the instance variables to default values. If, however, you define
at least one constructor in a class, no constructors are created for you
automatically. Thus, for the class Pet in Listing 6.1, since we defined
constructors, we were careful to include a constructor without parameters,
that is, a default constructor.
When you create a new object by using the operator new, you must always
include a call to a constructor. As with any method invocation, you list any
BSHVNFOUTJOQBSFOUIFTFTBGUFSUIFDPOTUSVDUPSTOBNFXIJDI SFNFNCFS JT
the same as the class name. For example suppose you want to use new to create
a new object of our class Pet. You might do so as follows:
Pet fish = new Pet("Wanda", 2, 0.25);

The part Pet("Wanda", 2, 0.25) is a call to the constructor in Pet that takes
three arguments: one of type String, one of type int, and the last of type
double. This statement creates a new object to represent a pet named Wanda
who is 2 years old and weighs 0.25 pound.
You can think of a constructor invocation as returning a reference to—
that is, the memory address of—an object of the class Pet. The previous
example assigns this reference to the variable fish. Figure 6.2 illustrates how
this works.
-FUTMPPLBUBOPUIFSFYBNQMF5IFTUBUFNFOU
Pet myPet = new Pet();

You cannot
use an existing
object to call a
constructor

creates a new object of the class Pet by calling the default constructor—that is,
the constructor without parameters. If you look at the definition of the class
Pet in Listing 6.1, you will see that the default constructor gives the object the
name No name yet and sets the instance variables age and weight to zero. (A
newborn pet does not weigh zero, of course. The value of zero is just a place
holder until the actual weight can be determined.)
You cannot use an existing object to call a constructor, so the following
invocation involving the object myPet of the class Pet is invalid:
myPet.Pet("Fang", 1, 150.0); //Invalid!

You need some other way to change the values of the instance variables of
an object, once it has been created. That way involves calling one or more set

6.1 Constructors
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FIGURE 6.2 A Constructor Returning a Reference
Pet fish;

fish = new Pet();

Assigns a memory location to fish
Assigns a chunk of memory for an object of
the class Pet—that is, memory for a name,
an age, and a weight—and places the address
of this memory chunk in the memory location
assigned to fish

fish

Memory location
assigned to fish

The chunk of memory
assigned to fish.name,
fish.age, and
fish.weight might have
the address 5432.

fish

5432

5432

Wanda
2
0.25

methods. Thus, given the class defined in Listing 6.1, instead of the preceding
invalid invocation of the constructor Pet, we could call setPet as follows:
myPet.setPet("Fang", 1, 150.0);

A sample program illustrating the use of a constructor and several set methods
is given in Listing 6.2.

■ PROGRAMMING TIP

Group the Constructor Definitions

In Listing 6.1, we have written an analogous set method after each constructor
definition. We did this to emphasize the similarities and differences between
these two kinds of methods. However, programmers usually group the
definitions of constructors, often placing them before all the other methods in
the class.
■

A set method can
change the state
of an existing
object
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LISTING 6.2 Using a Constructor and Set Methods
import java.util.Scanner;
public class PetDemo
{
public static void main(String[] args)
{
Pet yourPet = new Pet("Jane Doe");
System.out.println("My records on your pet are inaccurate.");
System.out.println("Here is what they currently say:");
yourPet.writeOutput();
Scanner keyboard = new Scanner(System.in);
System.out.println("Please enter the correct pet name:");
String correctName = keyboard.nextLine();
yourPet.setName(correctName);
System.out.println("Please enter the correct pet age:");
int correctAge = keyboard.nextInt();
yourPet.setAge(correctAge);
System.out.println("Please enter the correct pet weight:");
double correctWeight = keyboard.nextDouble();
yourPet.setWeight(correctWeight);
System.out.println("My updated records now say:");
yourPet.writeOutput();
}
}

Sample Screen Output
My records on your pet are inaccurate.
Here is what they currently say:
Name: Jane Doe
Age: 0
Weight: 0.0 pounds
Please enter the correct pet name:
Moon Child
Please enter the correct pet age:
5
Please enter the correct pet weight:
24.5
My updated records now say:
Name: Moon Child
Age: 5
Weight: 24.5 pounds

6.1 Constructors

RECAP Constructor
A constructor is a method that is called when an object of the class is
created by using the new operator. A constructor provides initial values
for the instance variables of the newly created object.
Constructors must have the same name as the class to which they
belong. A constructor is defined like any other method except that it
does not have a return type—not even void—in the method heading.
EXAMPLES
See Listing 6.1 for examples of constructor definitions. The following are
examples of invoking these constructors:
Pet myDog = new Pet("Fido", 2, 4.5);
Pet yourDog = new Pet("Cha Cha");
Pet ourDog = new Pet();

RECAP Default Constructor
A constructor without parameters is called the default constructor. Most
of classes you define should include a default constructor.

REMEMBER Java Can Define a Constructor for You
If you do not define any constructor for a class, Java will define one
for you. This supplied constructor will be a default constructor—that is,
one without parameters—and will give default values to the instance
variables. However, once you define any constructor for a class, Java
will not define any for you. In this case, if you do not explicitly define a
default constructor, your class will not have one.

GOTCHA

Omitting the Default Constructor

Suppose we were to omit the definition of the default constructor from the
class Pet in Listing 6.1. The statement
Pet heinz57 = new Pet();
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would then be invalid and would produce an error message. Since Java
automatically provides a default constructor if none is defined, you might think
that this statement should be valid. But since this class definition contains at
least one constructor definition, Java does not provide any constructors.
Classes are often reused again and again, and sooner or later you might
want to create a new object by using a constructor without arguments. You
should carefully consider a decision to omit a default constructor definition
from the classes you write.
■

FAQ Should I include constructors in a class diagram?
A class diagram does not have to include all the methods in a class.
Because a class diagram is a design tool, it need be only as complete as is
required for the design task at hand. Normally, constructors are not listed
in a class diagram, because they are always needed and always serve the
same basic purpose.

Calling Methods from Constructors
You saw in the previous chapter that a method can call other methods
within its class. Likewise, a constructor can call methods within its class. For
example, all of the constructors in the definition of the class Pet in Listing
6.1 can be revised to call one of the set methods. In particular, the definition
of the first constructor in Pet is quite similar to the definition of the method
setPet. We can avoid repeating this code by defining the constructor as
follows:
public Pet(String initialName, int initialAge,
double initialWeight)
{
setPet(initialName, initialAge, initialWeight);
}
A constructor
that calls a public
method can cause
a problem
A constructor
and a set method
can call the same
private method

Although it is generally a good practice to have a method call another to
avoid repeating code, you need to be careful when constructors call public
methods of their class. The problem has to do with inheritance, which we
will cover in Chapter 8. As you will see, it is possible for another class to
alter the behavior of the public method and thereby adversely alter the
behavior of the constructor. Chapter 8 will show you one way to prevent this
problem, but we can offer another solution right now: Make the method that
a constructor calls private. For our Pet example, making setPetQSJWBUFJTOU
an option because we want it to be public. However, we can define a private

6.1 Constructors

method that both setPet and the constructor can call, as the following code
demonstrates:
public Pet(String initialName, int initialAge,
double initialWeight)
{
set(initialName, initialAge, initialWeight);
}
public void setPet(String newName, int newAge,
double newWeight)
{
set(newName, newAge, newWeight);
}
private void set(String newName, int newAge, double newWeight)
{
name = newName;
if ((newAge < 0) || (newWeight < 0))
{
System.out.println("Error: Negative age or weight.");
System.exit(0);
}
else
{
age = newAge;
weight = newWeight;
}
}

The other constructors and set methods in Pet can also be revised to invoke
the private method set, as Listing 6.3 shows.

LISTING 6.3 Constructors and Set Methods That Call
a Private Method (part 1 of 3)
/**
Revised class for basic pet data: name, age, and weight.
*/
public class Pet2
{
private String name;
private int age;
//in years
private double weight;//in pounds
public Pet2(String initialName, int initialAge,
double initialWeight)
{
set(initialName, initialAge, initialWeight);
}

(continued)
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LISTING 6.3 Constructors and Set Methods That Call
a Private Method (part 2 of 3)
public Pet2(String initialName)
{
set(initialName, 0, 0);
}
public Pet2(int initialAge)
{
set("No name yet.", initialAge, 0);
}
public Pet2(double initialWeight)
{
set("No name yet.", 0, initialWeight);
}
public Pet2( )
{
set("No name yet.", 0, 0);
}
public void setPet(String newName, int newAge,
double newWeight)
{
set(newName, newAge, newWeight);
}
public void setName(String newName)
{
set(newName, age, weight);//age and weight unchanged
}
public void setAge(int newAge)
{
set(name, newAge, weight);//name and weight unchanged
}
public void setWeight(double newWeight)
{
set(name, age, newWeight);//name and age unchanged
}
private void set(String newName, int newAge,
double newWeight)
{
name = newName;
if ((newAge < 0) || (newWeight < 0))
{
System.out.println("Error: Negative age or weight.");
System.exit(0);
}

(continued)
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LISTING 6.3 Constructors and Set Methods That Call
a Private Method (part 3 of 3)
else
{
age = newAge;
weight = newWeight;
}

VideoNote
Writing constructors

}

<The methods getName, getAge, getWeight, and writeOutput
are the same as in Listing 6.1.>
}

S E L F-TE S T QU E S TIO N S
1. If a class is named Student, what name can you use for a constructor for
this class?
2. When defining a constructor, what do you specify for the type of the value
returned? A primitive type? A class type? void?
3. What is a default constructor?
  %PFTFWFSZDMBTTJO+BWBBVUPNBUJDBMMZIBWFBEFGBVMUDPOTUSVDUPS *GOPU 
when is a default constructor provided automatically by Java and when is
it not provided?
5. In the program PetDemo shown in Listing 6.2, you can replace the calls to
the three set methods with one call to setPet. Write this invocation.

Calling a Constructor from Other Constructors (Optional)
-FUTBHBJODPOTJEFSPet2 in Listing 6.3. Once we have defined the first constructor—
the one having three parameters—and the private method set, we could make the
other constructors invoke this first constructor. To do so, we use the keyword this
as if it were the name of a method in an invocation. For example, the statement
this(initialName, 0, 0);

would invoke the three-parameter constructor from within the body of
another constructor in our class. The invocation must be the first action taken
within the body of the constructor. Listing 6.4 shows how we could revise the
constructors in Listing 6.3 in this way. Note that the set methods do not use
this statement; they invoke the private method set, as they did in Pet26TJOH
the keyword this to invoke a constructor can occur only within the body of
another constructor within the same class.

A constructor
can call another
constructor
by using the
keyword this
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LISTING 6.4 Constructors That Call Another
Constructor
/**
Revised class for basic pet data: name, age, and weight.
*/
public class Pet3
{
private String name;
private int age;
//in years
private double weight;//in pounds
public Pet3(String initialName, int initialAge,
double initialWeight)
{
set(initialName, initialAge, initialWeight);
}
public Pet3(String initialName)
{
this(initialName, 0, 0);
}
public Pet3(int initialAge)
{
this("No name yet.", initialAge, 0);
}
public Pet3(double initialWeight)
{
this("No name yet.", 0, initialWeight);
}
public Pet3( )
{
this("No name yet.", 0, 0);
}
<The rest of the class is like Pet2 in Listing 6.3.>
}

RECAP Constructors Calling Other Constructors in
the Same Class
When defining a constructor for a class, you can use this as a name for
another constructor in the same class. Any call to this must be the first
action taken by the constructor.
(continued)
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EXAMPLE
public Pet3(String initialName)
{
this(initialName, 0, 0);
}

■ PROGRAMMING TIP

Write Interdependent Constructors

When writing multiple constructors for a class, identify one that the others
can call by using this. Writing constructors in this way places the actual
initialization in one place, making the class easier to maintain and less prone
to error. Chapter 8 will talk more about this way of writing constructors.
■

6.2 STATIC VARIABLES AND STATIC METHODS
. . .there’s no there there.
—GERTRUDE STEIN

A class can have variables that are static as well as methods that are static.
Static variables and static methods belong to a class as a whole and not to an
individual object. In this section, we show you how to define static variables
and static methods.

Static Variables
We have already used static variables in one special case, namely, in the
definition of named constant values such as the following:
public static final double FEET_PER_YARD = 3;

Static variables
are shared by all
objects of a class

Only one copy of FEET_PER_YARD exists. It belongs to the class, so individual
objects of the class that contains this definition do not have their own versions
of this constant. Instead, they have access to and share this one constant.
This particular static variable cannot change in value—it is a constant—
because its definition includes the keyword final. However, we can have
static variables that can change in value. They are declared like instance
variables, but with the keyword static. For example, the following static
variable can change in value:
private static int numberOfInvocations;

A static variable can be public or private; however, like instance variables,
static variables that are not constants should normally be private and should
be accessed or changed only via accessor and mutator methods.

Static variables
that are not
constants should
be private
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ASIDE System.out Is a Static Object
Chapter 2 mentioned that out is an object
of the class System. But it is actually a static
constant that has the following declaration:
public static final
PrintStream out;
Since out is public, we can access it by name
outside of the class System. However, when
we do so we must precede its name with
System and a dot, as in System.out. The
statement just shown creates out as an
object of the class PrintStream, which is in
the Java Class Library. The methods print
and println are methods in this class. To
invoke these methods, you write the name
of an object of PrintStream, a dot, and
the name of the method. So when we write
System.out.println(), for example, we
are invoking the method println of the
object out.

There

is

only

one

variable

named

numberOfInvocations, and it can be accessed by

every object of its class. This means that the static
variable could allow objects to communicate with
one another or perform some joint action. For
example, each method in its class could increment
numberOfInvocations and so track how many
method calls are made by all objects of the class.
The next section gives an example of a static
variable in use. You can initialize a static variable
in the same way that you initialize a named
constant, except that you omit the keyword final:
private static int
numberOfInvocations = 0;

Static variables are also called class variables.
%P OPU DPOGVTF UIF UFSN class variable—which
simply means a static variable within a class—
with the notion of a variable of a class type—
which means a variable whose type is a class, that
is, a variable that is used to name objects of a
class. Both static variables and instance variables
are sometimes called fields or data members.

RECAP Static, or Class, Variables
The declaration of a static variable contains the keyword static. A static
variable is shared by all the objects of its class.

REMEMBER Three Kinds of Variables
Java has three kinds of variables: local variables, instance variables, and
static (class) variables.

Static Methods
Sometimes you need a method that has no relation to an object of any kind.
For example, you might need a method to compute the maximum of two
integers, or a method to compute the square root of a number, or a method to
convert a letter character from lowercase to uppercase. None of these methods

6.2 Static Variables and Static Methods
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LISTING 6.5 Static Methods
/**
Class of static methods to perform dimension conversions.
*/
A static constant; it
public class DimensionConverter
could be private
{
here.
public static final int INCHES_PER_FOOT = 12;
public static double convertFeetToInches(double feet)
{
return feet * INCHES_PER_FOOT;
}
public static double convertInchesToFeet(double inches)
{
return inches / INCHES_PER_FOOT;
}
}

has any obvious object to which it should belong. In these cases, you can
define the method as static. When you define a static method, the method is
still a member of a class, since you define it in a class, but the method can be
invoked without using any object. You normally invoke a static method by
using the class name instead of an object name.
For example, Listing 6.5 contains a class named DimensionConverter,
which defines two static methods for converting between measurements in
feet and measurements in inches. You define a static method in the same way
that you would define any other method, but you add the keyword static to
UIFNFUIPETIFBEJOH
The following examples show how these methods are called:
double feet = DimensionConverter.convertInchesToFeet(53.7);
double inches = DimensionConverter.convertFeetToInches(2.6);

When you call a static method, you write the class name instead of an object
name. Listing 6.6 shows these methods in use in a complete program.
Although you could create an object of the class DimensionConverter and
use it to invoke either static method in the class, doing so can be confusing to
programmers reading your code.

REMEMBER A Class of Static Methods
You can create a collection of static methods to perform computations
that are somehow related and group them within a single class.

Invoke a static
method using the
class name, not
an object name

Calling a static
method
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LISTING 6.6 Using Static Methods
import java.util.Scanner;
/**
Demonstration of using the class DimensionConverter.
*/
public class DimensionConverterDemo
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter a measurement in inches: ");
double inches = keyboard.nextDouble();
double feet =
DimensionConverter.convertInchesToFeet(inches);
System.out.println(inches + " inches = " +
feet + " feet.");
System.out.print("Enter a measurement in feet: ");
feet = keyboard.nextDouble();
inches = DimensionConverter.convertFeetToInches(feet);
System.out.println(feet + " feet = " +
inches + " inches.");
}
}

Sample Screen Output
Enter a measurement in inches: 18
18.0 inches = 1.5 feet.
Enter a measurement in feet: 1.5
1.5 feet = 18.0 inches.

In the class DimensionConverter in Listing 6.5, both the named constant
and the two methods are static and public. (We could have declared the named
constant INCHES_PER_FOOT as private if we did not want it to be accessible
outside of this class.) Although this class declares no instance variables, a class
can have instance variables, static variables, static constants, static methods,
and non-static methods. While such a combination is possible, you do need
to be a bit careful.
-FUTTUVEZUIFJOUFSBDUJPOBNPOHWBSJPVTTUBUJDBOEOPOTUBUJDNFNCFST
of a class by examining the class SavingsAccount in Listing 6.7. This class
maintains the balance of individual savings accounts, and so it declares an
instance variable balance. All accounts can earn the same rate of interest, so
the class has a static variable interestRate. The class also counts the number
of accounts opened by using the static variable numberOfAccounts.

6.2 Static Variables and Static Methods

LISTING 6.7 Mixing Static and Non-static Members in
a Class (part 1 of 2)
import java.util.Scanner;
/**
Class with static and nonstatic members.
*/
public class SavingsAccount
{
An instance variable (nonstatic)
private double balance;
public static double interestRate = 0;
Static variables
public static int numberOfAccounts = 0;
public SavingsAccount()
{
balance = 0;
A nonstatic method can
numberOfAccounts++;
reference a static variable.
}
public static void setInterestRate(double newRate)
{
A static method can
interestRate = newRate;
reference a static variable
}
but not an instance variable.
public static double getInterestRate()
{
return interestRate;
}
public static int getNumberOfAccounts()
{
return numberOfAccounts;
}
public void deposit(double amount)
{
balance = balance + amount;
}
public double withdraw(double amount)
{
if (balance >= amount)
balance = balance - amount;
else
amount = 0;
return amount;
}

(continued)
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LISTING 6.7 Mixing Static and Non-static Members in a
Class (part 2 of 2)
public void addInterest()
{

A nonstatic method can
reference a static variable
or call a static method.

double interest = balance * interestRate;
// you can replace interestRate with getInterestRate()
balance = balance + interest;
}
public double getBalance()
{
return balance;
}
public static void showBalance(SavingsAccount account)
{
System.out.print(account.getBalance());
}
}

A static method
cannot reference
an instance
variable
A static method
can call only a
static method
main is a static
method
A non-static
method can
reference any
variable or call
any method
within its class

A static method cannot call a nonstatic method
unless it has an object to do so.

The class has static set and get methods for the interest rate, a static get
method for the number of accounts, and non-static methods for making deposits,
making withdrawals, adding interest, and getting an account balance. Lastly, the
class has a static method that displays the balance of any given savings account.
Within the definition of a static method, you cannot reference an instance
variable. Because a static method can be invoked without using any object
name, there is no instance variable to refer to. For example, the static method
setInterestRate can reference the static variable interestRate but not the
instance variable balance, which is not static.
A static method—and remember that main is a static method—cannot call
a non-static without having an instance of a class to use in the invocation. For
example, the static method showBalance has an object of SavingsAccount as
its parameter. It uses this object to invoke the non-static method getBalance.
The only way showBalance can get data for the balance of an account is from
an object that represents that account.
The non-static addInterest can reference the static variable interestRate
or call the static method getInterestRate. Preceding the method name in the
invocation of getInterestRate with the name of the class and a dot is optional,
since the methods are all within SavingsAccount. Notice that the constructor
also is not static. It increments the static variable numberOfAccounts to count the
number of times it is called, thus counting the number of new account objects.
Listing 6.8 shows a sample program that demonstrates the class
SavingsAccount. Because we use a doubleWBSJBCMFUPSFQSFTFOUBOBDDPVOUT
CBMBODF POFPGUIFEPMMBSBNPVOUTTIPXOJOUIFTDSFFOPVUQVUJTOUBTOFBU
as it could be. Somewhat later in this chapter, we will present one remedy for
this situation.

6.2 Static Variables and Static Methods

LISTING 6.8 Using Static and Non-static Methods
public class SavingsAccountDemo
{
public static void main(String[] args)
{
SavingsAccount.setInterestRate(0.01);
SavingsAccount mySavings = new SavingsAccount( );
SavingsAccount yourSavings = new SavingsAccount( );
System.out.println("I deposited $10.75.");
mySavings.deposit(10.75);
System.out.println("You deposited $75.");
yourSavings.deposit(75.00);
System.out.println("You deposited $55.");
yourSavings.deposit(55.00);
double cash = yourSavings.withdraw(15.75);
System.out.println("You withdrew $" + cash + ".");
if (yourSavings.getBalance() > 100.00)
{
System.out.println("You received interest.");
yourSavings.addInterest();
}
System.out.println("Your savings is $" +
yourSavings.getBalance());
System.out.print("My savings is $");
SavingsAccount.showBalance(mySavings);
System.out.println();
int count = SavingsAccount.getNumberOfAccounts();
System.out.println("We opened " + count +
" savings accounts today.");
}
}

Screen Output
I deposited $10.75.
You deposited $75.
You deposited $55.
You withdrew $15.75.
You received interest.
Your savings is $115.3925
My savings is $10.75
We opened 2 savings accounts today.
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GOTCHA

Invoking a Non-static Method from Within
a Static Method

You will often hear people say, “You cannot invoke a non-static method
within the definition of a static method.” This is not quite true, however.
A more precise, and correct, statement is, “You cannot invoke a non-static
method within a static method unless you have an object to use in the call of the
non-static method.” Put another way, in the definition of a static method—such
as main—you cannot use an instance variable or method that has an implicit
or explicit this as its calling object. Since a static method can be invoked
without any calling object, it can be invoked when there is no meaning for
this. To paraphrase Gertrude Stein, in a static method, “there is no this
there.”
■

RECAP Static Methods

VideoNote
Using static and non-static
methods

If you place the keyword static in the heading of the definition of a
method, the method can be invoked using the class name in place of an
object name. Since it does not need an object in its invocation, a static
method cannot reference an instance variable of the class. It also cannot
invoke a non-static method of the class, unless it has an object of the class
and uses this object in the invocation. In other words, the definition of a
static method cannot use an instance variable or a non-static method that
has an implicit or explicit this as its calling object.

S E L F -TE S T QU ESTI ONS
6. What is the difference between a static variable and an instance variable?
7. Can a class contain both instance variables and static methods?
8. Can you reference a static variable by name within the definition of a
static method without using a class name and a dot?
9. Can you reference an instance variable by name within the definition of a
static method without using a class name or an object name and a dot?
10. Can you reference a static variable by name within the definition of a
non-static method without using a class name and a dot?
11. Can you reference an instance variable by name within the definition of
a non-static method without using a class name or an object name and a
dot?

6.2 Static Variables and Static Methods
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12. Is the following valid, given the class DimensionConverter in Listing 6.5?
DimensionConverter dc = new DimensionConverter();
double inches = dc.convertFeetToInches(2.5);

13. Can a class contain both static and non-static methods?
14. Can you invoke a non-static method within a static method?
15. Can you invoke a static method within a non-static method?
16. Is the following valid, given the class SavingsAccount in Listing 6.7?
SavingsAccount.addInterest();

Dividing the Task of a main Method into Subtasks
8IFO B QSPHSBNT MPHJD JT JOWPMWFE PS JUT DPEF JT SFQFUJUJWF  ZPV DBO DSFBUF The method main
static methods to accomplish various subtasks and invoke these methods can invoke other
from your main method. Recall from the previous chapter the program in static methods
Listing 5.18 that we used to test the equals methods in the class Species.
Listing 6.9 reproduces that program here. We have highlighted two sections of
code that are identical. Rather than repeat this code, we could place it into a
static method and invoke it twice within the main method. We have made this
revision in Listing 6.10 and have also created an additional method from the
code within the unfilled colored rectangle in Listing 6.9. Our two new helping
methods are static as well as private.

■ PROGRAMMING TIP

Helping Methods for a main Method

Simplify the logic of a main method within an application program by having
it call helping methods. These methods should be static, since main is static.
As helping methods, they likely should be private as well.
■

REMEMBER main Is a Static Method
Since the method main is static, you must adhere to the points made in
the previous section about static methods. Generally, a static method can
invoke only static methods and reference only static variables. It cannot
invoke a non-static method of the same class unless you have an object of
the class to use in the invocation.
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LISTING 6.9 A main Method with Repetitive Code
public class SpeciesEqualsDemo
{
public static void main(String[] args)
{
Species s1 = new Species(), s2 = new Species();
s1.setSpecies("Klingon Ox", 10, 15);
s2.setSpecies("Klingon Ox", 10, 15);
if (s1 == s2)
System.out.println("Match with ==.");
else
System.out.println("Do Not match with ==.");
if (s1.equals(s2))
System.out.println("Match with the method equals.");
else
System.out.println("Do Not match with the method "+
"equals.");
System.out.println("Now change one Klingon Ox to "+
"lowercase.");
s2.setSpecies("klingon ox", 10, 15); //Use lowercase
if (s1.equals(s2))
System.out.println("Match with the method equals.");
else
System.out.println("Do Not match with the method "+
"equals.");
}
}

Adding a main Method to a Class

Any class can
have a main
method

So far, whenever we have written a main method, it was by itself in its own
class definition within a separate file. However, sometimes it makes sense to
have a main method within a class definition. The class can then be used for
two purposes: It can be used to create objects in other classes, or it can be run
as a program. For example, you can write a main method inside the definition
of the class Species, which is given in Listing 5.19 of the previous chapter.
The result is shown in Listing 6.11.
After redefining the class Species in this way, running it as a program
causes the main method to be invoked. When Species is used as an ordinary
class to create objects, the main method is ignored.
Since a main method is static, it cannot contain an invocation of a nonstatic method of the same class unless it has an object of the class and uses it
in the invocation of the non-static method. The main method in Listing 6.11

6.2 Static Variables and Static Methods

LISTING 6.10 A main Method That Uses Helping Methods
public class SpeciesEqualsDemo
On the Web, this class is
{
SpeciesEqualsDemo2.
public static void main(String[] args)
{
Species s1 = new Species(), s2 = new Species();
s1.setSpecies("Klingon Ox", 10, 15);
s2.setSpecies("Klingon Ox", 10, 15);
testEqualsOperator(s1, s2);
testEqualsMethod(s1, s2);
System.out.println("Now change one Klingon Ox to "+
"lowercase.");
s2.setSpecies("klingon ox", 10, 15); //Use lowercase
testEqualsMethod(s1, s2);
}
private static void testEqualsOperator(Species s1, Species s2)
{
if (s1 == s2)
System.out.println("Match with ==.");
else
System.out.println("Do Not match with ==.");
}
private static void testEqualsMethod(Species s1, Species s2)
{
if (s1.equals(s2))
System.out.println("Match with the method equals.");
else
System.out.println("Do Not match with the method "+
"equals.");
}
}

invokes the methods of the class Species by first creating an object of the class
Species BOE UIFO VTJOH JU UP JOWPLF PUIFS NFUIPET %PJOH TP JT OFDFTTBSZ
even though the main method is inside the definition of the class Species.

■ PROGRAMMING TIP

Add a main Method to a Class to Test It

You should not place just any main method in a class definition that is to be
used as a regular class to create objects. However, placing a small diagnostic
main method inside of your class definition provides a handy way to test it.
%PJOH TP BMTP BMFSUT PUIFS QSPHSBNNFST BCPVU UIF UFTUT ZPV IBWF EPOF 8F
talk more about testing later in this chapter.
■
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LISTING 6.11 Placing a main Method in a Class Definition
import java.util.Scanner;
public class Species
{
private String name;
private int population;
private double growthRate;

<The methods readInput, writeOutput, predictPopulation, setSpecies, getName, getPopulation, getGrowthRate, and equals
go here. They are the same as in Listing 5.19.>
public static void main(String[] args)
{
Species speciesToday = new Species( );
System.out.println("Enter data on today's species:");
speciesToday.readInput( );
speciesToday.writeOutput( );
System.out.println("Enter number of years to project:");
Scanner keyboard = new Scanner(System.in);
int numberOfYears = keyboard.nextInt( );
int futurePopulation =
speciesToday.predictPopulation(numberOfYears);
System.out.println("In " + numberOfYears +
" years the population will be " +
futurePopulation);
speciesToday.setSpecies("Klingon ox", 10, 15);
System.out.println("The new species is:");
speciesToday.writeOutput( );
}
}

The Math Class
The class Math
contains a
collection of
mathematical
methods and
constants

The predefined class Math provides you with a number of standard
mathematical methods. This class is automatically provided when you use the
Java language; no import statement is needed. Some of the methods in the
class Math are described in Figure 6.3. All of these methods are static, which
means that you do not need—and in fact have no real use for—an object of
the class Math. You normally call these methods by using the class name, Math,
in place of an object name. For example, the following displays the maximum
of the two numbers 2 and 3.
int ans = Math.max(2, 3);
System.out.println(ans);

6.2 Static Variables and Static Methods

You could also omit the variable ans and simply write
System.out.println(Math.max(2, 3));

The class Math also defines two named constants, PI and E. The constant
PI—often written as ! in mathematical formulas—is used in calculations
involving circles, spheres, and other geometric figures based on circles. PI is
approximately 3.14159. The constant E is the base of the natural logarithm
system—often written e in mathematical formulas. E is approximately 2.71828.
The constants PI and E are static, so you reference them as Math.PI and Math.E.
For example, the following computes the area of a circle, given its radius:
area = Math.PI * radius * radius;

You should use the constants Math.PI and Math.E in the definition of your
classes instead of defining your own versions.
If you look at the methods in the table in Figure 6.3, you will find three
similar, but not identical, methods named round, floor, and ceil. Some
of these return a value of type double, but they all return a value that is
intuitively a whole number that is close to the value of their arguments. The
method round rounds a number to the nearest whole number. If the argument
is a double, the method returns a value of type long. If you want that whole
number as a value of type int, you must use a type cast, as in the following:1
double start = 3.56;
int answer = (int)Math.round(start);

Here, answer is assigned the value 4.
The methods floor and ceil are similar to round, with slight differences. They
both return a whole number as a value of type double, not of type int or long, that
is close to their argument. The method floor returns the nearest whole number
that is less than or equal to its argument. This action is called rounding down. So
Math.floor(3.9) returns 3.0, not 4.0. Math.floor(3.3) also returns 3.0.
The method ceil—short for ceiling—returns the nearest whole number that
is greater than or equal to its argument. This action is called rounding up. So
Math.ceil(3.1) returns 4.0, not 3.0. Of course, Math.ceil(3.9) also returns 4.0.
If you want to store the value returned by either floor or ceil in a
variable of type int, you must use a type cast, as in the following example:
double start = 3.56;
int lowAnswer = (int)Math.floor(start)
int highAnswer = (int)Math.ceil(start);

In this example, Math.floor(start) returns the double value 3.0, and the
variable lowAnswer receives the int value 3. Math.ceil(start) returns the
double value 4.0, and the variable highAnswer receives the int value 4.
You cannot store a long value in a variable of type int, even if it is a small value like
4 that would fit in an int variable.
1
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FIGURE 6.3 Static Methods in the Class Math
Name

Description Argument
Type

Return
Type

Example

Value
Returned

pow

Power

double

double

Math.pow(2.0,3.0)

8.0

abs

Absolute
value

int,
long,
float, or
double

Same as the
type of the
argument

Math.abs(-7)
Math.abs(7)
Math.abs(-3.5)

7
7
3.5

max

Maximum

int,
long,
float, or
double

Same as the
type of the
arguments

Math.max(5, 6)
Math.max(5.5, 5.3)

6
5.5

min

Minimum

int,
long,
float, or
double

Same as the
type of the
arguments

Math.min(5, 6)
Math.min(5.5, 5.3)

5
5.3

random

Random
number

none

double

Math.random()

Random
number
in the
range ≥ 0
and < 1

round

Rounding

float or
double

int or
long,

Math.round(6.2)
Math.round(6.8)

6
7

respectively

ceil

Ceiling

double

double

Math.ceil(3.2)
Math.ceil(3.9)

4.0
4.0

floor

Floor

double

double

Math.floor(3.2)
Math.floor(3.9)

3.0
3.0

sqrt

Square root

double

double

Math.sqrt(4.0)

2.0

Finally, the method random returns a random double that is " 0 and # 1.
Often a number between 0 and 1 is not what is desired, in which case the
random number can be scaled to the desired range by multiplication and
addition. If an integer is desired, then type casting is necessary. For example,
to simulate rolling a six-sided die, we could use the following:
int die = (int)(6.0 * Math.random()) + 1;

6.2 Static Variables and Static Methods

Multiplying the random number by 6.0 gives us a value in the range " 0 and
# 6.0. Type casting this to an int truncates the result, which is an integer
that is 0, 1, 2, 3, 4, or 5. Adding 1 results in a random integer that is in the
range 1–6.

S E L F-TE S T QU E S TIO N S
17. What values are returned by each of the following?
a. Math.round(2.3)
b. Math.round(2.7)
c. Math.floor(2.3)
d. Math.floor(2.7)
e. Math.ceil(2.3)
f. Math.ceil(2.7)
g. (int) (Math.random() * 10.0) + 10;

18. Suppose that speed is a variable of type double and you want to assign
Math.round(speed) to the variable approxSpeed, which is of type int.
How do you write the assignment statement?
19. Repeat the previous question, but instead assign Math.round(speed) to
the variable longSpeed, which is of type long.
20. Suppose that n1 is of type int and n2 is of type long. What is the type of
the value returned by Math.min(n1, n2)?
 %FGJOFBDMBTTCircleCalculator that has only two methods, getArea and
getCircumference. These methods return the area and circumference,
SFTQFDUJWFMZ PGBDJSDMF HJWFOJUTSBEJVT#PUINFUIPETBSFTUBUJD%POPU
define your own value for pi.

Wrapper Classes
Java makes a distinction between the primitive types, such as int, double,
and char, and the class types, such as the class String and the programmerdefined classes. For example, you saw in Chapter 5 that an argument to a
method is treated differently, depending on whether the argument is of a
primitive type or a class type. If a method needs an argument of a class type,
but we have a value of a primitive type, we need to convert the primitive
value—such as the int value 42—to an “equivalent” value of some class type
that corresponds to the primitive type int. To make this conversion, Java
provides a wrapper class for each of the primitive types. Such classes define
methods that can act on values of a primitive type.
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Integer is a
wrapper class for
the primitive type
int

For example, the wrapper class for the primitive type int is the predefined
class Integer. If you want to convert an int value, such as 42, to an object of
type Integer, you can do so as follows:
Integer n = new Integer(42);

After the preceding executes, n names an object of the class Integer that
corresponds to the int value 42. In fact, the object n has an instance variable
containing the int value 42. Conversely, the following statement converts an
object of type Integer to an int value:
int i = n.intValue();//n names an object of the class Integer.

Other wrapper
classes

Boxing converts
from a primitive
type to a wrapper
class

The method intValue recovers the equivalent int value from an object of
type Integer.
The wrapper classes for the primitive types long, float, double, and char
are Long, Float, Double, and Character, respectively. And, of course, rather
than the method intValue, the classes Long, Float, Double, and Character
use the methods longValue, floatValue, doubleValue, and charValue,
respectively.
The conversion from a primitive type, such as int, to its corresponding
wrapper class, such as Integer, is done automatically in Java. This type casting
is called boxing. You can think of the object as a “box” into which you place
the value of the primitive type as the value of a private instance variable. So
the statements
Integer n = new Integer(42);
Double d = new Double(9.99);
Character c = new Character('Z');

can be written in the simpler form:
Boxing examples

Unboxing
converts from a
wrapper class to a
primitive type

Integer n = 42;
Double d = 9.99;
Character c = 'Z';

These simple-looking assignments are really just abbreviations for the longer
versions that include the new operator. The situation is analogous to what
happens when a value of type int is assigned to a variable of type double; a
type cast is made automatically.
The reverse conversion from an object of a wrapper class to a value
of its associated primitive type is called unboxing. 6OCPYJOH JT BMTP EPOF
automatically. So if n is an object of the class Integer, for example, the
statement
int i = n.intValue();//n names an object of the class Integer.

can be written in the abbreviated form
int i = n;//n names an object of the class Integer.

6.2 Static Variables and Static Methods
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The following are also examples of automatic unboxing:
int i = new Integer(42);
double f = new Double(9.99);
char s = new Character('Z');

What really takes place is that Java automatically applies the appropriate
accessor method—intValue, doubleValue, or charValue in these examples—
to obtain the value of the primitive type that is assigned to the variable.
Automatic boxing and unboxing applies to parameters as well as to the
simple assignment statements we just discussed. You can plug in a value of a
primitive type, such as a value of type int, for a parameter of the associated
wrapper class, such as Integer. Similarly, you can plug in a wrapper class
argument, such as an argument of type Integer, for a parameter of the
associated primitive type, such as int.
At this point, the main importance of these wrapper classes is that they
contain a number of useful constants and static methods. For example, you
can use the associated wrapper class to find the largest and smallest values of
any of the primitive number types. The largest and smallest values of type int
are
Integer.MAX_VALUE and Integer.MIN_VALUE

Unboxing
examples

Constants in
wrapper classes

Largest and
smallest values

The largest and smallest values of type double are
Double.MAX_VALUE and Double.MIN_VALUE
MAX_VALUE and MIN_VALUE are defined as static named constants in each of the
wrapper classes Integer, Long, Float, Double, and Character. For example,
the class Integer defines MAX_VALUE as
public static final int MAX_VALUE = 2147483647;

Static methods in the wrapper classes can be used to convert a string to
the corresponding number of type int, double, long, or float. For example,
the static method parse Double of the wrapper class Double will convert a
string to a value of type double. So
Double.parseDouble("199.98")

returns the double value 199.98. Of course, you knew this by simply looking
at the statement, and so it hardly seems worth all this effort. But the same
technique can be used to change the value of a string variable. For example,
suppose theString is a variable of type String whose value is the string
representation of a number of type double. The following will return the
double value corresponding to the string value of theString:
Double.parseDouble(theString)

Methods in
wrapper classes
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If there is any possibility that the string named by theString has extra
leading or trailing blanks, you should instead use
Double.parseDouble(theString.trim())

The method trim is in the class String and trims off leading and trailing
whitespace, such as blanks. It is always safest to use trim when invoking a
method like parseDouble. You never know when leading or trailing blanks
might appear. If the string is not a correctly formed number, the invocation of
Double.parseDouble will cause your program to end. The use of trim helps
avoid this problem.
This conversion of a string to a number can be done with any of the
wrapper classes Integer, Long, and Float, as well as with the wrapper class
Double. Just use one of the static methods Integer.parseInt, Long.parseLong,
or Float.parseFloat instead of Double.parseDouble.
Each of the numeric wrapper classes also has a static method called
toString that will convert in the other direction—that is, it converts from a
numeric value to a string representation of the numeric value. For example,
Integer.toString(42)

returns the string value "42". And
Double.toString(199.98)

Character is the
wrapper class for
the type char

returns the string value "199.98".
Character is the wrapper class for the primitive type char. The following
piece of code illustrates some of the basic methods for this class:
Character c1 = new Character('a');
Character c2 = new Character('A');
if (c1.equals(c2))
System.out.println(c1.charValue() + " is the same as " +
c2.charValue());
else
System.out.println(c1.charValue() + "is not the same as" +
c2.charValue());

This code displays
a is not the same as A

We will not use
the wrapper class
Boolean

The equals method checks for equality of characters, so uppercase and
lowercase letters are considered different.
The class Character also has other useful static methods. Some of these
methods, which convert between uppercase and lowercase letters or test
whether a character is a letter or a digit, are listed in Figure 6.4.
Java also has a wrapper class Boolean. It has names for the two constants
of type boolean: Boolean.TRUE and Boolean.FALSE. However, the Java
keywords true and false are much easier to use.
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FIGURE 6.4 Static Methods in the Class Character
Name

Description

Argument
Type

Return
Type

Examples

Return
Value

toUpperCase

Convert to
uppercase

char

char

Character.toUpperCase('a')
Character.toUpperCase('A')

'A'
'A'

toLowerCase

Convert to
lowercase

char

char

Character.toLowerCase('a')
Character.toLowerCase('A')

'a'
'a'

isUpperCase

Test for
uppercase

char

boolean

Character.isUpperCase('A')
Character.isUpperCase('a')

true
false

isLowerCase

Test for
lowercase

char

boolean

Character.isLowerCase('A')
Character.isLowerCase('a')

true
false

isLetter

Test for
a letter

char

boolean

Character.isLetter('A')
Character.isLetter('%')

true
false

isDigit

Test for
a digit

char

boolean

Character.isDigit('5')
Character.isDigit('A')

true
false

isWhitespace

Test for
whitespace

char

boolean

Character.isWhitespace(' ')
Character.isWhitespace('A')

true
false

Whitespace characters are those that print as white space, such as the blank, the tab character ('\t'),
and the line-break character ('\n').

RECAP Wrapper Classes
Every primitive type has a wrapper class. Wrapper classes allow you
to have a class object that corresponds to a value of a primitive type.
Wrapper classes also contain a number of useful predefined constants
and methods. Thus, each wrapper class has two related but distinct
uses.
For example, you can create objects of the wrapper class Integer
that correspond to values of type int, as in
Integer n = new Integer(42);

The wrapper class Integer also serves as a library of useful static
methods, such as the method parseInt, as in
(continued)
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String numeralString;
...
int number = Integer.parseInt(numeralString);

Any one program can use both personalities of a wrapper class.

GOTCHA

Wrapper Classes Have No Default Constructor

The wrapper classes Boolean, Byte, Character, Double, Float, Integer, Long,
and Short have no default constructors. Thus, a statement such as
Integer n = new Integer();//Invalid!

is incorrect. When you create a new object of one of these classes, you must
provide an initializing value as an argument to the constructor, as in the
following example:
Character myMark = new Character('Z');

Wrapper classes do not have set methods, so you cannot change the value of
existing objects of these classes. The designers, therefore, decided not to allow
the creation of objects that have default values, and so they did not define
default constructors.
■

S E L F -TE S T QU ESTI ONS
22. Which of the following statements are legal?
Integer n = new Integer(77);
int m = 77;
n = m;
m = n;

If any are illegal, tell how to write a valid Java statement that does what
the illegal statement is trying to do.
23. Write a Java expression to convert the number in the double variable x to
a string.
24. Consider the variable s of type String that contains a string, such as "123",
that is the normal way of writing some integer. Write a Java expression to
convert the string in s to the corresponding value of type int.
25. Repeat the previous question, but accommodate a string that might
contain leading or trailing blanks, such as "123".
26. Write Java code to display the largest and smallest values of type double
that you can have in Java.

6.3 Writing Methods
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6.3 WRITING METHODS
It is common sense to take a method and try it. If it fails, admit it frankly and
try another. But above all, try something.
—FRANKLIN DELANO ROOSEVELT, ADDRESS AT OGLETHORPE UNIVERSITY
(MAY 22, 1932)

In this section we discuss some basic techniques that will help you to design,
code, and test methods. We start with a case study.

CASE STUDY

Formatting Output

If you have a variable of type double that stores some amount of money, your
programs should display the amount in a nice format. However, you are likely
to get output that looks like this:
Your cost, including tax, is $19.98123576432

Instead, we would like the output to look like this:
Your cost, including tax, is $19.98

In this case study, we will define a class called DollarFormat containing
two static methods named write and writeln that can be used to produce
this kind of nicely formatted output.2 For example, if the amount of money
is in a variable of type double named amount, we could write the following to
get such output:
System.out.print("Your cost, including tax, is ");
DollarFormat.writeln(amount);

Note that write and writeln should add the dollar sign for you and should
always display exactly two digits after the decimal point. So these methods
would display $2.10, not $2.1.
When the amount has more than two digits after the decimal point, we must
decide what to do with the extra digits. Suppose we decide to round the number.
Then if the amount is 9.128, for example, we would get an output of $9.13.
The difference between write and writeln will be the same as the
difference between print and println. After writing its output, write does
not advance to the next line, but writeln does. So the method writeln can
simply call write and then use println to go the next line.

In addition to the printf method, Java has other classes that allow you to output numbers in any format that you wish. However, using these classes can get quite involved.
It will be instructive, and perhaps even easier, to program the details ourselves. If you
want to know more about such formatting classes, look at Appendix 4, which has a brief
discussion of the class DecimalFormat.

2

Task specification
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Pseudocode
for the write
method

Now that we know what we want these methods to do, how do we
implement them? To display an amount like 9.87, we have little choice but to
break it into the pieces 9 and 87 and then display each piece separately. The
following pseudocode outlines what the method write must do:
Algorithm to display a double amount as dollars and cents

(The variable amount contains the amount to be displayed.)
1. dollars = the number of whole dollars in amount.
2. cents = the number of cents in amount. Round if there are more than two
digits after the decimal point.
 %JTQMBZBEPMMBSTJHO dollars, and a decimal point.
 %JTQMBZcents as a two-digit integer.
8FOPXOFFEUPDPOWFSUPVSQTFVEPDPEFUP+BWBDPEF-FUTBTTVNFUIBU
the variable amount already contains a double value. To obtain the number
of whole dollars and the number of cents as two int values, we need to
somehow get rid of the decimal point. One way to do this is to convert
the amount to all cents. For example, to convert 10.95 dollars to all
cents, we multiply by 100 to obtain 1095.0. If there is a fraction of a
penny, such as when converting 10.9567 dollars to 1095.67 cents, we can
use the round method: Math.round(1095.67) returns 1096 as a value of
type long.
Note that we will want to store the result of this rounding in an int
variable for holding the total amount expressed as all cents. However, Math.
round returns a value of type long, and you cannot store a value of type long
in a variable of type int, even if it is a small integer. So you need to perform a
type cast to convert this long value to an int value as follows:
(int)(Math.round(1095.67))

This returns 1096 as an int value. Thus, our code will begin with something
like
int allCents = (int)(Math.round(amount * 100));

Now we need to convert allCents to a dollar amount and a cents amount.
For example, since 1096 cents is $10.96, we need to convert 1096 to the
integers 10 and 96. Since a dollar is 100 cents, we can use integer division to
obtain the number of dollars:
int dollars = allCents / 100;

The amount left over after this division is the number of cents, so we can use
the % operator to obtain it:
int cents = allCents % 100;

6.3 Writing Methods
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Thus, we have translated the first two steps of our pseudocode into the
following Java code:
int allCents = (int)(Math.round(amount * 100));
int dollars = allCents / 100;
int cents = allCents % 100;

The third step in our pseudocode, when expressed in Java, is simply
System.out.print('$');
System.out.print(dollars);
System.out.print(.);

All that is left to do is to translate the last pseudocode instruction,
Display cents as a two-digit integer.

into Java code. This looks easy. Suppose we try the following:
System.out.println(cents);

Testing our code with amount equal to 10.9567 would result in the output

Early testing

$10.96

which looks pretty good. (By the way, a simple assignment statement to
initialize amount provides a quick way to test our initial code.) When we try
some more examples, however, we run into a problem. For example, if amount
is 7.05, we get
$7.5

instead of
$7.05

This quick test makes us realize that we need to display a zero before the
number of cents whenever it is less than 10. The following statement will fix
the problem:
if (cents < 10)
{
System.out.print(0);
System.out.print(cents);
}
else
System.out.print(cents);

Listing 6.12 shows our class. Now that we have a complete definition
of the class, it is time for some serious testing. Listing 6.13 shows a program
that tests the method write. These sorts of programs are often called driver
programs, or simply drivers, because they do nothing but exercise, or “drive,”
the method. Any method can be tested in a program like this.

Use a driver
program to test
a class
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LISTING 6.12 The Class DollarFormatFirstTry
public class DollarFormatFirstTry
{
/**
Displays amount in dollars and cents notation.
Rounds after two decimal places.
Does not advance to the next line after output.
*/
public static void write(double amount)
{
int allCents = (int)(Math.round(amount * 100));
int dollars = allCents / 100;
int cents = allCents % 100;
System.out.print('$');
System.out.print(dollars);
System.out.print('.');
if (cents < 10)
{
System.out.print('0');
System.out.print(cents);
}
else
System.out.print(cents);
}
/**
Displays amount in dollars and cents notation.
Rounds after two decimal places.
Advances to the next line after output.
*/
public static void writeln(double amount)
{
write(amount);
System.out.println();
}
}

The testing goes quite well until we decide to try a negative number. After
BMM BOFHBUJWFBNPVOUPGNPOFZJTGFBTJCMFJUTDBMMFEBEFCU#VUUIFBNPVOU
−1.20 produces the output $−1.0 − 20. Something is wrong with the way our
method handles negative amounts.
Examining our calculation when amount is negative indicates that both
dollars and cents will contain negative numbers. A negative value in
dollars is correct, and we display $−1 for our test case. But now we need to
display 20, not −20. We could fix this mistake in a number of ways, but here
is a clean and simple one. Since our code works correctly for nonnegative

6.3 Writing Methods

LISTING 6.13 A Driver That Tests DollarFormatFirstTry
import java.util.Scanner;
This kind of testing
public class DollarFormatFirstTryDriver
program is often called
{
a driver program.
public static void main(String[] args)
{
double amount;
String response;
Scanner keyboard = new Scanner(System.in);
System.out.println(
"Testing DollarFormatFirstTry.write:");
do
{
System.out.println("Enter a value of type double:")
amount = keyboard.nextDouble();
DollarFormatFirstTry.write(amount);
System.out.println();
System.out.println("Test again?");
response = keyboard.next();
} while (response.equalsIgnoreCase("yes"));
System.out.println("End of test.");
}
}

Sample Screen Output
Testing DollarFormatFirstTry.write:
Enter a value of type double:
1.2345
$1.23
Test again?
yes
Enter a value of type double:
1.235
$1.24
Test again?
yes
Enter a value of type double:
9.02
$9.02
Test again?
yes
Enter a value of type double:
-1.20
Oops. There’s
$-1.0-20
a problem here.
Test again?
no
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numbers, we can convert any negative number to a positive number. We then
display the minus sign followed by the positive number.
The revised version of our class is shown in Listing 6.14. Notice that the
new method writePositive is almost the same as the old method write. The
only difference is that writePositive does not display the dollar sign; a new
version of the method write does that.
LISTING 6.14 The Corrected Class DollarFormat (part 1 of 2)
public class DollarFormat
{
/**
Displays amount in dollars and cents notation.
Rounds after two decimal places.
Does not advance to the next line after output.
*/
public static void write(double amount)
{
if (amount >= 0)
{
System.out.print('$');
writePositive(amount);
}
else
{
double positiveAmount = amount;
The case for negative
System.out.print('$');
amounts of money
System.out.print('-');
writePositive(positiveAmount);
}
}
//Precondition: amount >= 0;
//Displays amount in dollars and cents notation. Rounds
//after two decimal places. Omits the dollar sign.
private static void writePositive(double amount)
{
int allCents = (int)(Math.round(amount * 100));
int dollars = allCents / 100;
int cents = allCents % 100;
System.out.print(dollars);
System.out.print('.');
if (cents < 10)
System.out.print('0');
System.out.print(cents);
}

We have simplified this logic,
but it is equivalent to that used
in Listing 6.12.
(continued)
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LISTING 6.14 The Corrected Class DollarFormat (part 2 of 2)
/**
Displays amount in dollars and cents notation.
Rounds after two decimal places.
Advances to the next line after output.
*/
public static void writeln(double amount)
{
DollarFormatDriver.java in
write(amount);
the source code on the Web is a
System.out.println();
testing and demonstration program
}

for this class.

}

Testing the class DollarFormat with a program similar to the one we used
to test DollarFormatFirstTry is successful. Such a driver program is in the
file DollarFormatDriver.java included with the source code for this book
that is available on the Web.

■ PROGRAMMING TIP

Extra code on the
Web

Retest

Every time you change the definition of a class or method, you should test it.
■

Decomposition
In the previous case study, we used the following pseudocode for our first
attempt to design a method that displays a double number that represents a
monetary value:
1. dollars = the number of whole dollars in amount.
2. cents = the number of cents in amount. Round if there are more than two
digits after the decimal point.
 %JTQMBZBEPMMBSTJHO dollars, and a decimal point.
 %JTQMBZcents as a two-digit integer.
What we have done with this pseudocode is to decompose the task for
displaying an amount of money into a number of subtasks. For example, the
first step of our pseudocode is shorthand for the task
Calculate the number of whole dollars in amount and store it
in an int variable called dollars.

We then solved each of these subtasks separately and produced code for each
subtask. After that, all we had to do to produce the final definition of the
method was to combine the code for the subtasks.

Decompose a task
into subtasks
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As it turned out, we ended up using the code derived from the preceding
pseudocode for the method writePositive rather than for the method write. But
this was just a further illustration of using subtasks. The method writePositive
solved a subtask that we used in the final definition of the method write.
Often, though not always, the solutions to subtasks are implemented as
private helping methods. If a subtask is large, you divide it into smaller subsubtasks and solve the sub-subtasks separately. These sub-subtasks may be
further decomposed into even smaller tasks, but eventually the tasks become
small enough to be easy to design and code.

Addressing Compiler Concerns
The compiler
has a reason for
giving an error
message

The compiler checks to make sure you have done certain necessary things,
such as initializing variables or including a return statement in the definition
of a method that returns a value. Sometimes you may find that the compiler is
asking you to do one of these things, yet you are certain either that you have
done it or that you do not need to do it. In such cases, it does no good to
argue with the compiler. It most likely is correct. If you cannot find a mistake
in your code, change it anyway, so that it is more obvious that you have done
what the compiler is asking for.
For example, suppose that you have a method that returns a value of type
int and the method definition ends as follows:
if (something > somethingElse)
return something;
else if (something < somethingElse)
return somethingElse;

Note that this statement does not address the possibility that something could
be equal to somethingElse, and the compiler will complain that you need a
return statement. Even if you think that you are correct, because you know
that something will never equal somethingElse, you will have to change this
last if-else statement to either
if (something > somethingElse)
return something;
else if (something < somethingElse)
return somethingElse;
else
return 0;

or the equivalent
int answer = 0;
if (something > somethingElse)
answer = something;
else if (something < somethingElse)
answer = somethingElse;
return answer;

6.3 Writing Methods

In the previous chapter, we suggested that a method should contain no more
than one return statement. If you adhere to that advice, the compiler is less
likely to complain.
As another example, suppose that you declare a variable like this:
String line;

If the compiler insists that you must initialize the variable, you could change
the declaration to
String line = null;

The constant value null is a special predefined constant that you can use to null is a
give a value to any variable of any class type. Because null is like an address, predefined
you use = = and != rather than the method equals when you test to see constant
whether a variable contains null.
Note that nullJTOPUBOPCKFDUCVUBTPSUPGQMBDFIPMEFSGPSBOPCKFDUT
BEESFTT6TF null to initialize a variable of a class type only when you know
that, before the variable is used in the invocation of some method, your code
will assign an object to the class variable. This means that you should use null
to initialize a variable of a class type only when it is conceptually necessary.
However, the compiler will sometimes insist on an initialization even when it
is not needed.

GOTCHA

Null Pointer Exception

Since null is not an object, you cannot use it to invoke a method. If you try,
you will get an error message that says “Null Pointer Exception.” For example,
the statements
Pet myDog = null;
myDog.setPet("Spot", 2, 35.4);

will produce this error message no matter how the class Pet is defined. The
way to correct the problem is to use new to create an object of type Pet, as
follows:
Pet myDog = new Pet();
myDog.setPet("Spot", 2, 35.4);

As you do more programming, you will probably encounter other situations
that produce a “Null Pointer Exception” message. In these cases, look for an
uninitialized variable of a class type.
■

■ PROGRAMMING TIP

The Compiler Is Always Right

Well, we hope it is. If you approach debugging with the thought that you
EJEOU NBLF B NJTUBLF  ZPV BSF MFTT MJLFMZ UP GJOE UIF FSSPS UIBU DBVTFE UIF
compiler to complain.
■
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Testing Methods
Use a driver
program to test a
method

When you test a method, you can use a driver program like the one in Listing
6.13. These driver programs are just for your use, and so they can be quite
simple. They need not have any fancy output or anything else very elaborate.
All they have to do is give the method some arguments and invoke the method.
Every method you write for a class should be tested. Moreover, it should
be tested in a program in which it is the only method that has not yet been
fully tested. In that way, if you discover that something is wrong, you know
which method contains the mistake. If you test more than one method in the
same program, you can easily be fooled into thinking that the mistake is in
one method when in fact it is in some other method.

■ PROGRAMMING TIP

Test Methods Separately

Test each method in a program in which it is the only untested method.
Test methods one
at a time

A stub is a
temporary
definition of a
method used in
testing

■

One way to test each method separately is called bottom-up testing. If
method A calls method B, bottom-up testing asks that method B be fully tested
before you test method A. Bottom-up testing is a good and safe technique, but
it can become tedious. Other ways of testing can find bugs faster and less
painfully. And sometimes you want to test a method before all the methods
it uses are tested. For example, you might want to test your general approach
to the problem before even writing all the methods. However, you should
still test each method in a program in which it is the only untested method.
This presents a problem. If method A calls method B and method B is not
yet tested, how can you test method A in a program in which it is the only
untested method? The answer is to use a stub for method B.
A stub is a simplified version of a method that is not good enough for the
final class definition but is good enough for testing and is simple enough for
you to be sure—or as sure as possible—that it is correct. For example, suppose
you are testing the class DollarFormat in Listing 6.14 and you want to test the
method writeln before you test the method write. You can use a stub for the
method write, as follows:
public static void write(double amount)
{
System.out.print("$99.12"); //STUB
}

This is certainly not a correct definition of the method write. It always
displays 99.12 no matter what it gets as an argument. However, it is good
enough to use in testing the method writeln. If you test the method writeln
using this stub for the method write, and writeln displays $99.12 in the
correct way, then writeln is almost certain to be correct. Note that using
this stub for write will let you test the method writeln before you complete
either of the methods write or writePositive.

6.3 Writing Methods

S E L F-TE S T QU E S TIO N S
27. Given the class DollarFormat in Listing 6.14, what is displayed by the
invocation DollarFormat.writeln(7.0)?
28. Consider the variable allCents in the method writePositive in Listing
6.14. It holds an amount of money as if it were all cents. So for the
amount $12.95, the int variable allCentsXPVMECFTFUUP6TJOH
an int variable is somewhat limiting. The largest value of type int is
2147483647, meaning that the largest amount the method can handle
is $21,474,836.47. That is more than $21 million, a nice large sum, but
we often need to consider larger amounts, such as the national budget
or even the salary for the CEO of a large company. How can you easily
change the definitions of the methods in the class DollarFormat so that
they handle larger amounts of money?
29. What is wrong with a program that starts as follows? (The class Species is
defined in Listing 5.19 in Chapter 5.)
public class SpeciesDemo
{
public static void main(String[] args)
{
Species s1 = null;
Species s2 = null;
s1.setSpecies("Klingon Ox", 10, 15);
s2.setSpecies("Naked Mole Rat", 10000, 25);

%FTJHOBDMBTTUPEJTQMBZWBMVFTPGUZQFdouble that are not necessarily
for money amounts. Call the class OutputFormat. It should have
two static methods, write and writeln, each of which takes two
arguments. The first argument gives a double value to be written to the
screen. The second argument is an int value telling how many digits
to show after the decimal point. Have your methods round any extra
digits. These methods are similar to the methods write and writeln in
the class DollarFormat. Although you can use the class DollarFormat
as a model, the methods in these two classes have some differences.
As you would expect, any output occurring after write executes will
be on the same line, and output occurring after writeln executes will
be on the following line; otherwise, write and writeln do the same
thing.
For example, the statements
OutputFormat.writeln(9.1234667, 4);
OutputFormat.writeln(9.9999, 2);
OutputFormat.writeln(7.01234, 4);
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should produce the following output:
9.1235
10.00
7.0123

%P OPU GPSHFU UP UFTU ZPVS NFUIPET XJUI OVNCFST UIBU IBWF [FSPT BGUFS
the decimal point, like 1.023 and 1.0023. (Hint: You may find the static
method Math.pow (Figure 6.3) helpful as part of an expression to move
a decimal point.) This is a fairly difficult exercise, so allow yourself some
time to complete it. If you do not succeed in writing this class, be sure that
you at least understand the answer given at the end of the chapter. This is
a very useful class.
31. In your definition of the class OutputFormat in the previous question, would
it be valid to use the names print and println, rather than write and
writeln, or would this produce a name conflict with System.out.println?

6.4 OVERLOADING
A good name is better than precious ointment . . .
—ECCLESIASTES 7:1

You have seen that two or more different classes can define methods having
the same name. For example, many classes have a method named readInput.
This is not so surprising. The type of the calling object allows Java to decide
which definition of the method readInput to use. You may be more surprised
to hear that you can also have two or more methods in the same class that have
the same method name. How is this possible? Read on.

Overloading Basics
Overloading a
method name
means giving the
same name to
more than one
method within a
class

When you give two or more methods the same name within the same class,
you are overloading the method name. To do this, you must ensure that the
different method definitions have something different about their parameter
lists.
For example, Listing 6.15 contains a very simple example of overloading.
The class Overload in this listing defines three different static methods, all
named getAverage. When Overload.getAverage is invoked, how does Java
know which definition of getAverage to use? If all the arguments are of type
double, Java can tell which definition of getAverage to use by the number
of arguments: If there are two arguments of type double, it uses the first
definition of getAverage. If there are three arguments, it uses the second
definition.

6.4 Overloading

LISTING 6.15 Overloading
/**
This class illustrates overloading.
*/
public class Overload
{
public static void main(String[] args)
{
double average1 = Overload.getAverage(40.0, 50.0);
double average2 = Overload.getAverage(1.0, 2.0, 3.0);
char average3 = Overload.getAverage('a', 'c');
System.out.println("average1 = " + average1);
System.out.println("average2 = " + average2);
System.out.println("average3 = " + average3);
}
public static double getAverage(double first, double second)
{
return (first + second) / 2.0;
}
public static double getAverage(double first, double second,
double third)
{
return (first + second + third) / 3.0;
}
public static char getAverage(char first, char second)
{
return (char)(((int)first + (int)second) / 2);
}
}

Sample Screen Output
average1 = 45.0
average2 = 2.0
average3 = b

Now suppose that an invocation of the method getAverage has two
arguments of type char. Java knows that it should use the third definition of
getAverage because of the types of the arguments. Only one of the definitions
has two arguments of type char 'PSOPX EPOUXPSSZBCPVUIPXUIJTNFUIPE
BWFSBHFTUXPDIBSBDUFST5IBUTBTJEFJTTVFUIBUXFXJMMDPNFCBDLUPTIPSUMZ
If you overload a method name—that is, if you give the same name to
more than one method definition within the same class—Java distinguishes
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Methods in a
class need unique
signatures

them according to the number of parameters and the types of the parameters.
If an invocation of a method matches a definition of a method in name,
and if the first argument has the same type as the first parameter, the second
argument has the same type as the second parameter, and so forth—then that
method definition is used. If there is no such match, Java will try some simple
type conversions of the kinds we discussed earlier in this book, such as casting
an int to a double, to see whether that produces a match. If this fails, you will
get an error message.
"NFUIPETOBNFBOEUIFOVNCFSBOEUZQFTPGJUTQBSBNFUFSTBSFDBMMFEUIF
NFUIPETsignature. So another way to describe the rule about overloading is
to say that the methods in a class must have different signatures. Alternatively,
a class cannot define two or more methods with the same signature.
Note that you have already been using overloading, even though you may
not have known the term before. The method names print and println are
overloaded in the class PrintStream of the Java Class Library. Each method has
one parameter, but in one version, the parameter type is String, in another it is
int, or double, and so on. In addition, many of the methods of the class Math,
which we discussed earlier in this chapter, use overloading. For example, Math has
several versions of the method max, all having the same name and each with two
parameters. Their invocations also are distinguished according to the type of the
arguments. If its two arguments are of type int, max returns a value of type int. If
its two arguments are of type double, it returns a value of type double.
Overloading can be applied to any kind of method. It can be applied to
void methods, to methods that return a value, to static methods, to non-static
methods, or to any combination of these. You can also overload constructors.
The constructors in the class Pet in Listing 6.1 all have the same name and so
are overloaded. They provide an explicit example that we can analyze.
-FUTSFDBMMUIFIFBEJOHTPGUIFDPOTUSVDUPSTEFGJOFEJO-JTUJOH
t public Pet()
t public Pet(String initialName, int initialAge,
double initialWeight)

t public Pet(String initialName)
t public Pet(int initialAge)
t public Pet(double initialWeight)

Notice that each constructor has either a different number of parameters or a
parameter whose type is different from those in the other constructors. Thus,
each invocation of a constructor involves a different definition.
For example, each of the following Pet objects is created by a call to a
different constructor:
Calling various
constructors of
the class Pet

Pet
Pet
Pet
Pet
Pet

aPet
myCat
myDog
myTurtle
myHorse

=
=
=
=
=

new
new
new
new
new

Pet();
Pet("Fluffy", 2, 4.5);
Pet("Spot");
Pet(20);
Pet(750.5);

6.4 Overloading
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The first statement calls the default constructor, since no arguments are
provided. In the second statement, the object assigned to myCat is the result
of calling the constructor that takes three arguments. Each of the remaining
three statements calls a constructor that requires only one argument. Which
constructor is chosen? The one whose parameter matches in type the argument
in the invocation. Thus, Pet("Spot") calls the constructor whose parameter
is a String, Pet(20) calls the constructor whose parameter is an int, and
Pet(750.5) calls the constructor whose parameter is a double.

RECAP Overloading
Within one class, you can have two or more definitions of a method that
have the same name but either have different numbers of parameters or
have corresponding parameters with differing types. That is, the methods
must have different signatures. This is called overloading the method
name.

Overloading and Automatic Type Conversion
In some situations, two friends are not better than one. Two good things can
sometimes interact in a bad way. Overloading is a friend, or at least a helpful
feature of the Java language. Automatic type conversion of arguments—
whereby an int like 2 is converted to a double like 2.0 when a method wants
a double as an argument—is also a helpful feature of the Java language. But
these two nice features can sometimes get in the way of each other.
For example, the statement
Pet myHorse = new Pet(750.0);

creates a Pet object weighing 750 pounds. Suppose, however, that we forget
the decimal point and the zero, and write the following instead:
Pet myHorse = new Pet(750);

Instead of creating a Pet object whose weight is 750, we create one whose age
is 750. Because the argument 750 is of type int, it matches the constructor
that has one parameter of type int. That constructor sets the instance variable
age, not the instance variable weight, to the value of the argument. If Java
can find a definition of a method whose parameters match the number
and types of arguments, it will not do any type conversions, such as from
int to double.
In the case we just looked at, we needed a type conversion, but we did not
get one. There are also cases in which you do not want a type conversion but

Overloading and
automatic type
conversion can
conflict
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ASIDE Averaging Two Characters
Let’s take a short side trip to explain how
we average two characters. For our previous
example, it does not matter whether we use
a crazy way of averaging two characters, but,
in fact, the technique we use in Listing 6.15
for the third version of getAverage is a very
sensible way to average characters, or at least
to average two letters. If the two letters are
both lowercase, the average computed will be
the lowercase letter halfway between them
in alphabetical order, or as close to halfway
as possible. Similarly, if the two letters are
both uppercase, the average computed will be
the uppercase letter halfway between them
in alphabetical order. This approach works
because Unicode assigns sequential numbers
to the letters when arranged in alphabetical
order. The number assigned to 'b' is one
more than the number assigned to 'a', the
number assigned to 'c' is one more than
the number assigned to 'b', and so forth.
So if you convert two letters to numbers,
average the numbers, and then convert them
back to letters, you get the letter halfway in
between.

you do get one. For example, suppose my dog is
named Cha Cha, weighs 2 pounds, and is 3 years
old. We might try the following:
Pet myDog = new Pet("Cha Cha", 2, 3);

This will set myDog's age to 2, not 3, and its weight
to 3.0, not 2.0. The real problem, of course, is that
we have reversed the second and third arguments,
CVUMFUTMPPLBUJUBT+BWBEPFT(JWFOUIFQSFDFEJOH
invocation, Java looks for a constructor whose
heading has the following form:
public Pet(String Parm_1, int Parm_2, int
Parm_3)
Pet has no such constructor, so there is no

exact match for the invocation. Java then tries
to convert an int to a double to get a match. It
notices that if it converts the 3 to 3.0, it will have
a match to
public Pet(String newName, int newAge,
double newWeight)

and so it does the type conversion.
What went wrong—besides reversing two
arguments? We should have given the weight
as 2.0, not 2. If we had used 2.0, or if Java had
not done any automatic type conversions for us, we would have received
an error message. In this case, Java tried to help, but the help just got in
the way.

GOTCHA

Overloading and Automatic Type Conversion

Sometimes a method invocation can be resolved in two different ways,
depending on how overloading and type conversion interact. Such ambiguous
method invocations are not allowed in Java and will produce a run-time error
message or sometimes even a compiler error message. For example, you can
overload the method name problemMethod in SampleClass as follows:
public class SampleClass
{
public static void problemMethod(double n1, int n2)
. . .
public static void problemMethod(int n1, double n2)
. . .

6.4 Overloading

The class will compile with no problem. However, an invocation such as
SampleClass.problemMethod(5, 10);

will produce an error message, because Java cannot decide which overloaded
definition of problemMethod to use: Should it convert the int value 5 to
a double value and use the first definition of problemMethod, or should it
convert the int value 10 to a double value and use the second definition?
In this situation, Java issues an error message indicating that the method
invocation is ambiguous.
Although the following two method invocations are allowed:
SampleClass.problemMethod(5.0, 10);
SampleClass.problemMethod(5, 10.0);

such situations, while valid, are confusing and should be avoided.

■

REMEMBER Overloading Before Automatic Type
Conversion
Java always tries to use overloading before it tries to use automatic
type conversion. If Java can find a definition of a method that matches
the types of the arguments, it will use that definition. Java will not
do an automatic type conversion of a method’s argument until after
it has tried and failed to find a definition of the method name with
parameter types that exactly match the arguments in the method
invocation.

■ PROGRAMMING TIP

Choose Descriptive Names to Avoid
Overloading

Had we given the four set methods of the class Pet in Listing 6.1 the same
name—set, for instance—these methods would have demonstrated the same
issues we just raised about overloading and automatic type conversion. Instead
of overloading their names, we avoided these difficulties by choosing distinct
names. Instead of calling each of them set, we used the more descriptive
names setName, setAge, setWeight, and setPet6TFPWFSMPBEJOHXIFOZPV
IBWFBHPPESFBTPOUPEPTP CVUEPOUVTFJUXIFOBEJTUJODUNFUIPEOBNF
is more descriptive. You cannot follow this advice for constructors, since they
must be named after the class. Even so, multiple, overloaded constructors are
common.
■
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Overloading and the Return Type
You cannot overload a method name by giving two definitions whose
headings differ only in the type of the value returned. For example, you
might have wanted to add another method called getWeight to the class Pet
in Listing 6.1. Imagine that this new method returns a character telling you
whether the pet is overweight or underweight—say, '+' for overweight, '-'
for underweight, and '*' for just right. The return type would be char. So
suppose we had two methods with the following headings:
/**
Returns the weight of the pet.
*/
public double getWeight()
/**
Returns '+' if overweight, '-' if
underweight, and *if weight is OK.
*/
public char getWeight()
A method’s
signature does
not include its
return type

You CANNOT have both of
these methods within
a single class.

6OGPSUVOBUFMZ  UIJT JT JOWBMJE *O BOZ DMBTT EFGJOJUJPO  UXP EFGJOJUJPOT PG UIF
same method name must have either different numbers of parameters or at
least one pair of corresponding parameters of differing types. You cannot
overload on the basis of the type returned. Recall that the definition of a
NFUIPETTJHOBUVSFEPFTOPUJODMVEFJUTSFUVSOUZQF5IVT UIFTJHOBUVSFTPGUIF
two getWeight methods are the same, which is illegal.
If you think about it, it is not even possible to write a compiler that
overloads on the basis of the type returned. For example, suppose we have
Pet myPet = new Pet();
. . .
double value = myPet.getWeight();

Now suppose that, contrary to actual fact, we were able to include both
versions of the getWeight method. Consider the job of the poor compiler in
this situation. Although we have not made an issue of it, you can store a value
of type char in a variable of type double. Java will perform an automatic type
cast to change the char to a double. Thus, in this hypothetical scenario, the
variable value is happy with either a double or a char.
So the compiler has no way to judge which version of getWeight the
programmer wanted. The compiler would have to ask the programmer for
advice, and compilers are not allowed to ask the programmer questions.

GOTCHA

You Cannot Overload on the Basis of the Return Type

A class cannot have several methods that have the same name and the same
parameters but different return types. Such methods would have the same
signature, and that is illegal in Java.
■

6.4 Overloading

S E L F-TE S T QU E S TIO N S
32. Would the following constructor invocation be valid to include in the
program in Listing 6.2?
Pet myDog = Pet("Fido", 2, 7);

33. Can a class possibly contain both of the following method definitions?
/**
Postcondition: Returns the number of people in
numberOfCouples couples.
*/
public static int countPeople(int numberOfCouples)
{
return 2 * numberOfCouples;
}
/**
Postcondition: Returns the number of children,
assuming that each couple has 2.3 children.
*/
public static double countPeople(int numberOfCouples)
{
return 2.3 * numberOfCouples;
}

34. Can a class possibly contain both of the following method definitions?
/**
Postcondition: Returns the integer portion of a
positive number or zero if the number is negative.
*/
public static int convertValue(double number)
{
int result = 0;
if (number > 0.0)
result = (int)number;
return result;
}
/**
Postcondition: Returns the integer portion of a
positive number or zero if the number is negative.
*/
public static double convertValue(int number)
{
double result = 0;
if (number > 0.0)
result = (double)number;
return result;
}
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35. Consider the class Species in Listing 5.19 of Chapter 5. It has a method
called setSpecies that sets the name, population, and growth rate of
a species. Could this class have another method setSpecies that has
only one parameter for the name of the species and that sets both the
population and the growth rate to zero? If so, give the definition of this
other method named setSpecies.
36. Repeat the previous question for a method setSpecies that sets only the
name of the species, not any other instance variables.
37. Still considering the class Species in Listing 5.19 of Chapter 5, could
both of the methods named setSpecies defined in Self-Test Questions
35 and 36 of this chapter be added to the class Species?

PROGRAMMING EXAMPLE

A Class for Money

Listing 6.16 contains a class, named Money, whose objects represent amounts
PG 64 NPOFZ  TVDI BT       BOE TP GPSUI :PV NJHIU CF
inclined to think of money amounts as values of type double, but to the programmer who uses the class Money, or to the end user of any software product
using Money, the data values are not thought of as having the type double
or int or any other Java predefined type.3 The data values are of type Money.
To the “person on the street,” $9.99 is not a value of type double. And it
TIPVMEOUCFUPZPV4PNFUJNFTZPVDBOHFUBXBZXJUIVTJOHWBMVFTPGUZQF
double to represent amounts of money, but doing so has a potential problem.
A value of type double is, practically speaking, an approximate quantity, and
for an accounting program in particular, approximate quantities are usually
not good enough. If a bank has account balances that are off by a few dollars
or even a few cents, customers will be dissatisfied and legal action would be
likely.
Of course, to implement the class Money, we must choose some sort of
data representation. We want to represent money amounts as exact quantities,
so we will use an integer type. However, the type int cannot represent very
large numbers, and so we will use the type long. An amount of money, such
as $3500.36, can be represented as two integers—in this case, 3500 and 36—

3
In Listing 6.14 we defined a class named DollarFormat that is concerned with displaying amounts of money given as values of type double. In this programming example,
we do not use values of type double to represent amounts of money, and so we do not
use the class DollarFormat.

6.4 Overloading

LISTING 6.16 The Money Class (part 1 of 3)
import java.util.Scanner;
/**
Class representing nonnegative amounts of money,
such as $100, $41.99, $0.05.
*/
public class Money
{
private long dollars;
private long cents;
public void set(long newDollars)
{
if (newDollars < 0)
{
System.out.println(
"Error: Negative amounts of money are not allowed.");
System.exit(0);
}
else
{
dollars = newDollars;
cents = 0;
}
}
public void set(double newAmount)
{
if (newAmount < 0)
{
System.out.println(
"Error: Negative amounts of money are not allowed.");
System.exit(0);
}
else
{
long allCents = Math.round(newAmount * 100);
dollars = allCents / 100;
cents = allCents % 100;
}
}
public void set(Money moneyObject)
{
this.dollars = moneyObject.dollars;
this.cents = moneyObject.cents;
}

(continued)
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LISTING 6.16 The Money Class (part 2 of 3)
/**
Precondition: The argument is an ordinary representation
of an amount of money, with or without a dollar sign.
Fractions of a cent are not allowed.
*/
public void set(String amountString)
{
String dollarsString;
String centsString;
//Delete '$' if any:
if (amountString.charAt(0) == '$')
amountString = amountString.substring(1);
amountString = amountString.trim();
//Locate decimal point:
int pointLocation = amountString.indexOf(".");
if (pointLocation < 0) //If no decimal point
{
cents = 0;
dollars = Long.parseLong(amountString);
}
else //String has a decimal point.
{
dollarsString =
amountString.substring(0, pointLocation);
centsString =
amountString.substring(pointLocation + 1);
//one digit in cents means tenths of a dollar
if (centsString.length() <= 1)
centsString = centsString + "0";
// convert to numeric
dollars = Long.parseLong(dollarsString);
cents = Long.parseLong(centsString);
if ((dollars < 0) || (cents < 0) || (cents > 99))
{
System.out.println(
"Error: Illegal representation of money.");
System.exit(0);
}
}
}

(continued)

6.4 Overloading

LISTING 6.16 The Money Class (part 3 of 3)
public void readInput()
{
System.out.println("Enter amount on a line by itself:");
Scanner keyboard = new Scanner(System.in);
String amount = keyboard.nextLine();
set(amount.trim());
We used nextLine instead of next because
}

there may be a space between the dollar
sign and the number.

/**
Does not go to the next line after displaying money.
*/
public void writeOutput()
{
System.out.print("$" + dollars);
if (cents < 10)
System.out.print(".0" + cents);
else
System.out.print("." + cents);
}
/**
Returns n times the calling object.
*/
public Money times(int n)
{
Money product = new Money();
product.cents = n * cents;
long carryDollars = product.cents / 100;
product.cents = product.cents % 100;
product.dollars = n * dollars + carryDollars;
return product;
}
/**
Returns the sum of the calling object and the argument.
*/
public Money add(Money otherAmount)
{
Money sum = new Money();
sum.cents = this.cents + otherAmount.cents;
long carryDollars = sum.cents / 100;
sum.cents = sum.cents % 100;
sum.dollars = this.dollars
+ otherAmount.dollars + carryDollars;
return sum;
}
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Four methods
named set

stored in instance variables of type long. Negative amounts of money certainly
make sense—and a final professional-strength Money class would allow for
negative amounts of money—but we will limit ourselves to nonnegative
amounts since we want a fairly simple example for learning purposes.
Notice the overloaded method name set. The four methods named set
allow a programmer to set an amount of money in any way that is convenient.
The programmer can use a single integer value for an amount of dollars
without any cents, a single value of type double, another object of type Money,
or a string, such as "$9.98" or "9.98". The programmer does not, and should
not, worry about what instance variables are used inside the class Money.
Instead, the programmer should think only in terms of money amounts.
-FUTMPPLBUTPNFEFUBJMTJOUIFEFGJOJUJPOTPGUIF set methods. The set
method having one parameter of type long is straightforward. It sets the whole
number of dollars. The set method having one parameter of type double
works by converting the double value to a value that represents the amount of
money as the number of pennies in the amount. This is done as follows:
long allCents = Math.round(newAmount * 100);

The method Math.round eliminates any fractional part of a penny. It
returns a value of type long when its argument is of type double, as it is here.
The integer division operators / and % are then used to convert the pennies to
dollars and cents.
The set method whose parameter is of type Money is also straightforward,
but you should notice one important point. The instance variables of the
parameter moneyObject are accessible by name inside the definition of the
class Money. In this case, they are moneyObject.dollars and moneyObject.
cents. Within the definition of any class, you can directly access the instance
variables of any object of the class.
The set method whose parameter is of type String changes a string, such
as "$12.75"or "12.75", into two integers, such as 12 and 75. First, it checks
whether the first character in the string is a dollar sign, as follows:
if (amountString.charAt(0) == '$')
amountString = amountString.substring(1);
Use String
methods to
process the input

The first character in the string amountString is returned by an invocation
of the String method charAt. If this character is a dollar sign, the string—
which has index positions 0 through some last index—is replaced by the
substring at indices 1 through the end of the string, effectively removing
the first character. The String method substring does this for us. You may
want to review the descriptions of the substring methods given in Figure
2.5 of Chapter 2.
One or more blanks might be between the $ symbol and the dollar
amount. Blanks are trimmed off with an invocation of the String method
trim, as follows:
amountString = amountString.trim();

6.4 Overloading
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The string is then broken into two substrings—one for dollars and one for
cents—by locating the decimal point and breaking the string at the decimal
point. The decimal point position is stored in the variable pointLocation as
follows:
int pointLocation = amountString.indexOf(".");

The dollars and cents substrings are recovered as follows:
dollarsString = amountString.substring(0, pointLocation);
centsString = amountString.substring(pointLocation + 1);

Finally, the dollars and cents substrings are converted to values of type
long by calling the static method parseLong in the wrapper class Long, which

we introduced earlier in this chapter:
dollars = Long.parseLong(dollarsString);
cents = Long.parseLong(centsString);

Our method times is used to multiply an amount of money by an integer.
The method add is used to add two objects of type Money. For example, if m1
and m2 are objects of type Money that both represent the amount $2.00, then
m1.times(3) returns an object of the class Money that represents $6.00, and
m1.add(m2) returns an object of the class Money that represents $4.00.
To understand the definition of the methods times and add, remember
that one dollar is 100 cents. So if product.cents has a value of 100 or more,
the following will set the variable carryDollars equal to the number of
whole dollars in that many cents.
long carryDollars = product.cents / 100;

The number of cents left over after removing that many dollars is given by
product.cents % 100

A demonstration program for the class Money is given in Listing 6.17.

LISTING 6.17 Using the Money Class (part 1 of 2)
public class MoneyDemo
{
public static void main(String[] args)
{
Money start = new Money();
Money goal = new Money();
System.out.println("Enter your current savings:");
start.readInput();

(continued)

Methods
that perform
arithmetic on
Money objects

VideoNote
Writing and invoking
overloaded methods
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LISTING 6.17 Using the Money Class (part 2 of 2)
goal = start.times(2);
System.out.print(
"If you double that, you will have ");
goal.writeOutput();
System.out.println(", or better yet:");
goal = start.add(goal);
System.out.println(
"If you triple that original amount, you will have:");
goal.writeOutput();
End the line, because writeOutput
System.out.println();

does not end the line.

System.out.println("Remember: A penny saved");
System.out.println("is a penny earned.");
}
}

Sample Screen Output
Enter your current savings:
Enter amount on a line by itself:
$500.99
If you double that, you will have $1001.98, or better yet:
If you triple that original amount, you will have
$1502.97
Remember: A penny saved
is a penny earned.

.

S E L F -TE S T QU ESTI ONS
38. Rewrite the method add in Listing 6.16 so that it does not use the this
parameter.
39. In Listing 6.16, the set method that has a String parameter does not
allow extra leading and trailing blanks in the string. Rewrite it so that
it ignores leading and trailing whitespace. For example, it should allow
"$5.43" as an argument.

6.5 Information Hiding Revisited

6.5 INFORMATION HIDING REVISITED
I don’t like to meddle in my private affairs.
—KARL KRAUS (1874–1936)

The material in this section is not needed to understand most of the rest of
this book. If you prefer, you can safely postpone reading this material until
you are more comfortable with classes. This section discusses a subtle problem
that can arise when defining certain kinds of classes. The problem does not
apply to any class you define whose instance variables are either of a primitive
type—such as int, double, char, and boolean—or of the type String. So you
can define lots of classes without being concerned with this problem.

Privacy Leaks
A class can have instance variables of any type, including any class type.
These often can be natural and useful things to have. However, using instance
variables of a class type can introduce a problem that requires special care. The
problem occurs because variables of a class type contain the memory address
of the location where an object is stored in memory. For example, suppose
that goodGuy and badGuy are both variables of the class type Pet, which we
defined in Listing 6.1. Now suppose that goodGuy names some object and
your program executes the following assignment statement:
badGuy = goodGuy;

After this assignment statement is executed, badGuy and goodGuy are two
names for the same object. So if you change badGuy, you will also change
goodGuy. (There must be a moral lesson there.)
-FUT HJWF UIJT BTTJHONFOU TUBUFNFOU B CJU NPSF DPOUFYU UP TFF JUT
implications:
Pet goodGuy = new Pet();
goodGuy.set("Faithful Guard Dog", 5, 75);
Pet badGuy = goodGuy;
badGuy.set("Dominion Spy", 1200, 500);
goodGuy.writeOutput();

Because badGuy and goodGuy name the same object, this code will produce the
following output:
Name: Dominion Spy
Age: 1200 years
Weight: 500.0 pounds

The change to badGuy also changed goodGuy because goodGuy and badGuy
name the same object. The same thing can happen with instance variables and
DBODBVTFTPNFTVCUMFQSPCMFNT-FUTMPPLBUBOFYBNQMF
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Listing 6.18 contains the definition of a class called PetPair, which
represents a pair of Pet objects. The class has two private instance variables of
type Pet. The programmer who wrote this class mistakenly thinks that the data
named by the instance variables first and second cannot be changed by any
program using the class PetPair. This is an easy mistake for a programmer to
make. After all, the instance variables are private, so they cannot be accessed by
name outside of the class. And just to be super safe, the programmer did not
include any mutator methods that change the private instance variables. But
anybody can look at the objects in a pair by using the public accessor methods
getFirst and getSecond4PVOEHPPE 6OGPSUVOBUFMZ UIFQSPHSBNNFSJTJO
for a rude awakening.
The program in Listing 6.19 creates an object of PetPair and then changes
UIFTUBUFPGUIBUPCKFDUTQSJWBUFJOTUBODFWBSJBCMF first! How could that be?
The problem is that a variable of a class type contains a memory address,
and as you saw at the beginning of this section, you can use the assignment
operator to produce two names for the same object. That is what our hacker
LISTING 6.18 An Insecure Class
/**
Class whose privacy can be breached.
*/
public class PetPair
{
private Pet first, second;
public PetPair(Pet firstPet, Pet secondPet)
{
first = firstPet;
second = secondPet;
}
public Pet getFirst()
{
return first;
}
public Pet getSecond()
{
return second;
}
public void writeOutput()
{
System.out.println("First pet in the pair:");
first.writeOutput();
System.out.println("\nSecond pet in the pair:");
second.writeOutput();
}
}

6.5 Information Hiding Revisited

LISTING 6.19 Changing a Private Object in a Class
(part 1 of 2)
/**
Toy program to demonstrate how a programmer can access and
change private data in an object of the class PetPair.
*/
public class Hacker
{
public static void main(String[] args)
{
Pet goodDog = new Pet("Faithful Guard Dog", 5, 75.0);
Pet buddy = new Pet("Loyal Companion", 4, 60.5);
PetPair pair = new PetPair(goodDog, buddy);
System.out.println("Our pair:");
pair.writeOutput( );
Pet badGuy = pair.getFirst();
badGuy.setPet("Dominion Spy", 1200, 500);
System.out.println("\nOur pair now:");
pair.writeOutput( );
System.out.println("The pet wasn't so private!");
System.out.println("Looks like a security breach.");
}
}

Screen Output
Our pair:
First pet in the pair:
Name: Faithful Guard Dog
Age: 5 years
Weight: 75.0 pounds
Second pet in the pair:
Name: Loyal Companion
Age: 4 years
Weight: 60.5 pounds
Our pair now:
First pet in the pair:
Name: Dominion Spy
Age: 1200 years

This program has changed an
object named by a private instance
variable of the object pair.

Weight: 500.0 pounds
Second pet in the pair:
Name: Loyal Companion
Age: 4 years

(continued)
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LISTING 6.19 Changing a Private Object in a Class
(part 2 of 2)
Weight: 60.5 pounds
The pet wasn't so private!
Looks like a security breach.

A private instance
variable having a
class type could
be changed
outside of the
class

Ways to avoid a
privacy leak

A clone is an
exact duplicate

Instance variables
of a class type
are natural and
useful

programmer who wrote the program in Listing 6.19 did. By invoking the
accessor method getFirst, one can get the address of the private instance
variable first. That memory address is stored in the variable badGuy. So
badGuy is another name for first. Our hacker cannot use the private name
first but can use the equivalent name badGuy. All that our hacker needed
to do was to use the name badGuy to invoke the method setPet of the class
Pet, and because badGuy is another name for the object named by first, our
hacker has changed the object named by the private instance variable first.
This phenomenon is called a privacy leak.
How can you write your class definitions to avoid this problem? It might
seem impossible to have a private instance variable of a class type that is truly
secure. A hacker can always find a way to get at it, or so it would seem. There
are, however, ways around this problem: Some are easier than others.
One easy way around this problem is to use only instance variables
of a primitive type. This, of course, is a severe restriction. We can also use
instance variables of a class type that has no mutator methods. String is such
a class. Once a String object is created, its data cannot be changed, and so
PVS IBDLFST USJDL XJMM OPU XPSL PO UIFTF WBSJBCMFT 1SJNJUJWF UZQFT BSF OPU
DMBTTUZQFT BOETPUIFIBDLFSTUSJDLXJMMOPUXPSLPOUIFNFJUIFS5IJTFBTZ
solution is the one we will take in this book.
Another easy way is to define accessor methods that return individual
attributes of an object named by an instance variable of a class type instead
of the object itself. Of course, any attribute that is itself another object might
be a source of a similar problem. So, for example, instead of defining an
accessor method in PetPair like getFirst, we could define three methods:
getNameOfFirst, getAgeOfFirst, and getWeightOfFirst.
A more difficult solution also exists, but it is beyond the scope of this
book. However, we can give you a hint of it. We could write a method to
produce an exact duplicate of an object. These exact duplicates are called
clones. Instead of returning an object named by a private instance variable of
a class type that could be insecure, we return a clone of the object. That way a
hacker can damage the clone, but the private data will not be affected. A brief
JOUSPEVDUJPOUPDMPOJOHJTHJWFOJO"QQFOEJY POUIFCPPLT8FCTJUF "GUFS
you become comfortable with classes, you may wish to look at that appendix.
%P OPU HFU UIF JNQSFTTJPO UIBU JOTUBODF WBSJBCMFT PG B DMBTT UZQF BSF B
bad idea. They are very natural and very useful. However, dealing with them
effectively requires some care. We will talk more about such instance variables
later in this book.

6.6 Enumeration as a Class

GOTCHA

Privacy Leaks

A private instance variable of a class type names an object that, for certain
classes, can be modified outside of the class containing the instance variable.
To avoid this problem, you can do any of the following:
t %FDMBSFUIFJOTUBODFWBSJBCMFTUZQFUPCFPGBDMBTTUIBUIBTOPTFUNFUIPET 
such as the class String.
t 0NJUBDDFTTPSNFUIPETUIBUSFUVSOBOPCKFDUOBNFECZBOJOTUBODFWBSJBCMF
of a class type. Instead, define methods that return individual attributes of
such an object.
t .BLFBDDFTTPSNFUIPETSFUVSOBDMPOFPGBOZPCKFDUOBNFECZBOJOTUBODF
variable of a class type, instead of the object itself.
■

S E L F-TE S T QU E S TIO N
40. Give the definitions of three accessor methods that you can use instead
of the single accessor method getFirst within the definition of the class
PetPair JO -JTUJOH  0OF NFUIPE XJMM SFUVSO UIF QFUT OBNF  POF
XJMMSFUVSOUIFQFUTBHF BOEPOFXJMMSFUVSOUIFQFUTXFJHIU5IFTFOFX
accessor methods will not produce the problem described in this section.
They will return all of the data in an object of the class PetPair, but will
not return any object whose mutator methods can change its state.

6.6 ENUMERATION AS A CLASS
You don’t understand. I coulda had class.
—BUDD SCHULBERG, ON THE WATERFRONT (1954)

Chapter 3 introduced enumerations and mentioned that the compiler creates
a class when it encounters an enumeration. This section talks about that
class. Although you should consider using enumerations in your programs,
the ideas in this section are not central to the presentation in the rest of the
book.
-FUTEFGJOFBTJNQMFFOVNFSBUJPOGPSUIFTVJUTPGQMBZJOHDBSET BTGPMMPXT
enum Suit {CLUBS, DIAMONDS, HEARTS, SPADES}

The compiler creates a class Suit. The enumerated values are names of
public static objects whose type is Suit. As you know, you reference each of
these values by prefacing its name with Suit and a dot, as in the following
assignment statement:
Suit s = Suit.DIAMONDS;

Some
enumeration
methods
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The class Suit has several methods, among which are equals, compareTo,
ordinal, toString, and valueOf. The following examples show how we can
use these methods, assuming that the variable s references Suit.DIAMONDS:
t s.equals(Suit.HEARTS) tests whether s equals HEARTS. In this case,
equals returns false, since DIAMONDS is not equal to HEARTS.
t s.compareTo(Suit.HEARTS) tests whether s is before, at, or after HEARTS in
the definition of Suit. Like the method compareTo in the class String—
which Chapter 3 describes—compareTo here returns an integer that is
negative, zero, or positive, according to the outcome of the comparison.
In this case, compareTo return a negative integer, since DIAMONDS appears
before HEARTS in the enumeration.
t s.ordinal() returns the position, or ordinal value, of DIAMONDS in the
enumeration. The objects within an enumeration are numbered beginning
with 0. So in this example, s.ordinal() returns 1.
t s.toString() returns the string "DIAMONDS". That is, toString returns the
name of its invoking object as a string.
t Suit.valueOf("HEARTS") returns the object Suit.HEARTS. The match
between the string argument and the name of an enumeration object must be
exact. Any whitespace within the string is not ignored. The method valueOf is
a static method, so its name in an invocation is preceded by Suit and a dot.
You can define private instance variables and additional public methods—
including constructors—for any enumeration. By defining an instance
variable, you can assign values to the objects in the enumeration. Adding a get
method will provide a way to access these values. We have done all of these
things in the new definition of the enumeration Suit shown in Listing 6.20.
LISTING 6.20 An Enhanced Enumeration Suit
/** An enumeration of card suits. */
enum Suit
{
CLUBS("black"), DIAMONDS("red"), HEARTS("red"),
SPADES("black");
private final String color;
private Suit(String suitColor)
{
color = suitColor;
}
public String getColor()
{
return color;
}
}

6.7 Packages
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We chose strings as the values for the enumerated objects, so we have
added the instance variable color as a String object, as well as a constructor
that sets its value. Notation such as CLUBS("black") invokes this constructor
and sets the value of CLUBST QSJWBUF JOTUBODF WBSJBCMF color to the string
"black". Note that colorTWBMVFDBOOPUDIBOHF TJODFJUJTEFDMBSFEBTGJOBM
Also observe that the constructor is private, so you cannot invoke it directly. color is an
It is called only within the definition of Suit. The method getColor provides instance variable;
it is not static
public access to the value of color.
Enumerations can have an access modifier such as public or private. If
you omit the access modifier, the enumeration is private by default. You can
define a public enumeration within its own file, just as you would define any
other public class.

S E L F-TE S T QU E S TIO N
41. If cardSuit is an instance of Suit and is assigned the value Suit.SPADES,
what is returned by each of the following expressions?
a. cardSuit.ordinal()
b. cardSuit.equals(Suit.CLUBS)
c. cardSuit.compareTo(Suit.CLUBS)
d. Suit.valueOf("CLUBS")
e. Suit.valueOf(cardSuit.toString())
f. cardSuit.getColor()
g. cardSuit.toString()

6.7 PACKAGES
From mine own library with volumes that I prize above my dukedom.
—WILLIAM SHAKESPEARE, THE TEMPEST

A package is a named collection of related classes that can serve as a library
of classes for use in any program. With packages, you do not need to place
all those classes in the same directory as your program. Although this is an
important and useful topic, the rest of the material in this book does not
use the discussion of packages presented here. Therefore, you may cover this
section at any time during your reading of this book.
To understand this material, you need to know about folders, or
directories; path names for folders; and how your operating system uses a
path (environment) variable. If you do not know about these things, you
may wish to skip this section until you have had some experience with
them. These are not Java topics. They are part of your operating system, and
the details depend on your particular system. If you can find out how to set
the path variable, you will know enough about path variables to understand
this section.
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Packages and Importing
A package is
a collection of
classes

A package is simply a collection of classes that have been grouped together
into a folder. The name of the folder is the name of the package. The classes
in the package are each placed in a separate file, and the file name begins with
the name of the class, just as we have been doing all along. The only difference
is that each file in a package has the following line at the start of the file:
package Package_Name;

Each class in a
package needs
a package
statement

Blank lines or comments can appear before this line, but nothing else may
come before it. The Package_Name typically consists of all lowercase letters,
often punctuated with the dot symbol. For example, if general.utilities
is the name of the package, each of the files in the package would have the
following statement at the start of the file:
package general.utilities;

Any program or class definition can use all of the classes in the package by
placing a suitable import statement at the start of the file containing the
program or class definition. This is true even if the program or class definition
is not in the same directory as the classes in the package. For example, if you
want to use the class HelpfulClass that is in the package general.utilities,
you would place the following at the start of the file you are writing:
Using one class in
a package

import general.utilities.HelpfulClass;

Notice that you write the class name, HelpfulClass, not the name of the
DMBTTTGJMF HelpfulClass.java.

RECAP The package Statement
A package is a collection of classes grouped together into a folder and
given a package name. Each class is in a separate file named after the
class. Each file in the package must begin with a package statement,
ignoring blank lines and comments.
SYNTAX FOR A CLASS IN A PACKAGE
<Blank lines or comments.>
package Package_Name;
<A class definition.>

EXAMPLES
package general.utilities;
package java.io;

6.7 Packages
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RECAP The import Statement
You can use all the classes that are in a package within any program or class
definition by placing an import statement that names the package at the
start of the file containing the program or class definition. The program or
class need not be in the same folder as the classes in the package.
SYNTAX
import Package_Name.Class_Name_Or_Asterisk;

Writing a class name imports just a single class from the package; writing
an * imports all the classes in the package.
EXAMPLES
import java.util.Scanner;
import java.io.*;

To import all the classes in the package general.utilities, you would
use the following import statement:
import general.utilities.*;

Using an entire
package

The asterisk indicates that you want to import all of the files in the package.
Although you might see this statement used, we prefer to import specific classes.

Package Names and Directories
A package name is not an arbitrary identifier. It tells the compiler where to
find the classes in the package. In effect, the package name tells the compiler
the path name for the directory containing the classes in the package. To find
the directory for a package, Java needs two things: the name of the package
and the directories listed in the value of your class path variable.
The value of your class path variable tells Java where to begin its search
for a package, so we will discuss it first. The class path variable is not a Java
variable. It is a variable that is part of your operating system and that contains
the path names of a list of directories. When Java is looking for a package,
it begins its search in these directories. Let us call these directories the class
path base directories. We will tell you how Java uses these class path base
directories and how packages are named, and then we will give you some
information on how to set the class path variable.
The name of a package specifies the relative path name for the directory
that contains the package classes. It is a relative path name because it
assumes that you start in a class path base directory and follow the path of

A search for a
package begins
in the class path
base directory
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FIGURE 6.5 A Package Name
myjavastuff

\myjavastuff\libraries

libraries

is a class path base directory
(is on the class path).

general
general.utilities

is the package name.
utilities

Classes in the package

AClass.java

AnotherClass.java

subdirectories given by the package name. For example, suppose the following
is a class path base directory (your operating system might use / instead of \):
\myjavastuff\libraries

and suppose your package classes are in the directory
\myjavastuff\libraries\general\utilities

In this case, the package must be named
general.utilities

Setting the class
path variable

Notice that a package name is not arbitrary, but must be a list of directories
leading from a class path base directory to the package classes. Thus, the
package name tells Java what subdirectories to go through—starting from the
base class directory—to find the package classes. This organization is depicted
in Figure 6.5. The dot in the package name means essentially the same thing
as the \ or /, whichever symbol your operating system uses for directory paths.
You specify the class path base directories by setting the class path
(environment) variable. The way you set the class path variable depends on
ZPVSPQFSBUJOHTZTUFN*GZPVBSFPOB6/*9TZTUFN ZPVBSFMJLFMZUPCFBCMF
to set the class path with some command similar to the following:
export CLASSPATH=/myjavastuff/libraries:/home/username/
javaclasses;.

6.7 Packages
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RECAP Package Names
A package name must be a path name for the directory that contains the
classes in the package, but the package name uses dots in place of \ or /
(whichever your operating system uses). When naming the package, you
use a relative path name that starts from any directory named in the class
path (environment) variable.
EXAMPLES
general.utilities
java.io

If you are using a Windows machine, you can set the class path variable by
using the Control Panel to set or create an environment variable named
CLASSPATH.
You can list more than one base directory in a class path variable, typically
by separating them with semicolons. For example, the following might be a
class path:
c:\myjavastuff\libraries;f:\yourjavastuff

This means that you can create package directories as either subdirectories of
c:\myjavastuff\libraries

or subdirectories of
f:\yourjavastuff

When looking for package directories, Java will first look in subdirectories of
c:\myjavastuff\libraries

If it does not find the package there, it will then look in subdirectories of
f:\yourjavastuff

Whenever you set or change the class path variable, be sure to include
the current directory as one of the alternatives. The current directory is the
directory in which your program (or other class) is located. On most systems,
the current directory is indicated by a dot. So you would use the following for
your class path variable:
c:\myjavastuff\libraries;f:\yourjavastuff;.

with the dot—the current directory—added to the end. Then if the package
is not found in either of the previous two base directories, Java will look in
the subdirectories of the current directory—that is, in subdirectories of your
program (or whatever class you are compiling). If you want Java to check the

The current
directory contains
your program
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current directory before it checks the other directories on the class path, list
the current directory (the dot) first.

GOTCHA

Not Including the Current Directory in Your Class Path

Omitting the current directory from the class path variable not only will limit
the locations you can use for your packages, but can interfere with programs
that do not use packages. If you do not create packages, but instead place all
classes in the same directory—as we do in the rest of this book—Java will not
be able to find the classes unless the current directory is on the class path.
(This problem will not occur if you have no class path variable at all; it arises
only if you decide to set the class path variable.)
■

Name Clashes

Avoid name
clashes

Packages are a convenient way to group and use libraries of classes, but there is
also another reason for using packages. They can help in dealing with name
clashes; that is, they can help in handling situations in which two classes have
the same name. If different programmers writing different packages have used the
same name for a class, the ambiguity can be resolved by using the package name.
For example, suppose a package named mystuff contains a class called
CoolClass, and another package named yourstuff contains a different class
named CoolClass. You can use both of these classes in the same program
by using the more complete names mystuff.CoolClass and yourstuff.
CoolClass, as the following statements demonstrate:
mystuff.CoolClass object1 = new mystuff.CoolClass();
yourstuff.CoolClass object2 = new yourstuff.CoolClass();

If you list the package name along with the class name like this, you do not need
to import the package, since this longer class name includes the package name.

S E L F -TE S T QU ESTI ONS
42. Suppose you want to use classes in the package mypackages.library1 in
a program you write. What do you need to put near the start of the file
containing your program?
43. Suppose you want to add a class to a package named mypackages.
library1. What do you need to put in the file containing the class
definition? Where does this statement go in the file?
44. Can a package have any name you might want, or are there restrictions on
what you can use for a package name? Explain any restrictions.
45. On your system, place the class Pet (Listing 6.1) into a package so that you
can use the class in any Java program by including a suitable import statement
without moving Pet to the same directory (folder) as your program.

6.8 Graphics Supplement
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6.8 GRAPHICS SUPPLEMENT
Now you see it; now you don’t.
—COMMON MAGICIAN’S SAYING

*OUIJTTFDUJPOXFTIPXZPVIPXUPBEECVUUPOTBOEJDPOTUPBOBQQMFUPS(6*
application and how to make components, such as labels, icons, and buttons,
change from visible to invisible and back. A button is an object in your applet
or application that has a button-like appearance and that does something
when you click it with your mouse. An icon is a small picture.

■ PROGRAMMING TIP

Code the Appearance and Actions
Separately

8IFOEFTJHOJOHBOEDPEJOHBOBQQMFUPS(6*BQQMJDBUJPO POFHPPEUFDIOJRVF
is to first program what the program will look like. For example, how many
buttons will it display, and what is written on each button? After you have
the applet looking the way you want, you can then go on to program the
action(s) that it will perform, such as what will happen when the user clicks a
button. In this way, one large task is broken down into two smaller and more
manageable tasks. We will use this technique to introduce buttons. We will
first show you how to add buttons to an applet. These buttons will not do
anything when clicked. After you learn how to add buttons to an applet, we
will go on to show you how to program actions to respond to button clicks. ■

Adding Buttons
You create a button object in the same way that you create a label object, but
you use the class JButton instead of the class JLabel. For example, the applet
in Listing 6.21 creates a button as follows:
JButton sunnyButton = new JButton("Sunny");

The argument to the constructor for the class JButton, in this case "Sunny",
is a string that will appear on the button when the button is displayed. If you
MPPLBUUIFBQQMFUTPVUQVUJO-JTUJOH ZPVXJMMTFFUIBUUIFUXPCVUUPOT
are labeled Sunny and Cloudy.
After you create a button, you add it to the content pane of an applet in
the same way that you add a label. For example, sunnyButton is added to the Add buttons to
content pane of the applet in Listing 6.21 as follows:
the content pane
Container contentPane = getContentPane();
...
contentPane.add(sunnyButton);

6OMJLFMBCFMT ZPVDBOBTTPDJBUFBOBDUJPOXJUIBCVUUPOTPUIBUXIFOUIF
user clicks the button with a mouse, the applet performs some action. If you click
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either of the buttons in the applet in Listing 6.21, nothing happens, because we
IBWFOUZFUQSPHSBNNFEBDUJPOTGPSUIFN5PEPUIJT XFVTFBEJGGFSFOULJOEPG
programming technique known as event-driven programming. We will briefly
introduce this technique before we show you how to program button actions.
LISTING 6.21 Adding Buttons to an Applet
import javax.swing.JApplet;
import javax.swing.JButton;
import java.awt.Color;
import java.awt.Container;
import java.awt.FlowLayout;
import java.awt.Graphics;
/**
Simple demonstration of adding buttons to an applet.
These buttons do not do anything. That comes in a later version.
*/
public class PreliminaryButtonDemo extends JApplet
{
public void init()
{
Container contentPane = getContentPene();
contentPane.setBackground(Color.WHITE);
contentPane.setLayout(new FlowLayout());
JButton sunnyButton = new JButton("Sunny");
contentPane.add(sunnyButton);
JButton cloudyButton = new JButton("Cloudy");
contentPane.add(cloudyButton);
}
}

Applet Output

If the user clicks either of these
buttons, nothing happens.

6.8 Graphics Supplement
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Event-Driven Programming
"QQMFUTBOE(6*BQQMJDBUJPOTVTFFWFOUTBOEFWFOUIBOEMFST"Oevent is an Fire an event
object that represents some user action that elicits a response, such as clicking
a button with the mouse. When an object generates an event, it is said to fire
the event. For example, when the user clicks a button, the button fires an
event. In an applet or application, every object that can fire events can have
one or more listener objects that receive events automatically. A listener Listeners handle
object has methods that specify what will happen when the listener receives events
events of various kinds. These methods are called event handlers.
You the programmer specify what objects are the listener objects for
any given object that might fire an event. You also define the event-handler
methods. The relationship between an event-firing object, such as a button,
and its event-handling listener is illustrated in Figure 6.6.
Event-driven programming is very different from the kind of programming
ZPVWF TFFO CFGPSF OPX *O FWFOUESJWFO QSPHSBNNJOH  ZPV DSFBUF PCKFDUT
that can fire events, and you create listener objects to react to the events. For
the most part, your program does not determine the order in which things
happen. The events determine that order. When an event-driven program is
running, the next thing that happens depends on the next event.

Programming Buttons
To review, clicking a button using your mouse creates an object known as an
event and sends the event to one or more other objects known as the listeners.
This is called firing the event. The listener then performs some action.
When we say that the event is “sent” to the listener object, what we
really mean is that some method in the listener object is invoked and given
the event object as the argument. This invocation happens automatically.
Your applet class definition will not normally contain an invocation of
this method. However, your applet class definition does need to do two
things:

FIGURE 6.6
button

Event Firing and an Event Listener
event

This event object is the result of
a button click. The event object goes
from the button to the listener.

listener

This listener object performs
some action, such as making text
visible in the applet, when it
receives the event object.
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• For each button, it needs to specify what objects are listeners that will
respond to events fired by that button; this is called registering the listener.
• It must define the method(s) that will be invoked when the event is sent to
the listener.

Register the
listener by calling
addAction
Listener

Recall that within the definition of a class, an object of that class is called
this. The following statement registers this as a listener to receive events
from the button named sunnyButton:
sunnyButton.addActionListener(this);

Steps to register a
listener

A similar statement also registers this as a listener to receive events from the
button named cloudyButton. Because the argument is this, the statements
mean that the class itself is the listener class for the buttons inside of it. To
be a bit more precise, if ButtonDemo is our applet class, each applet object of
ButtonDemo is the listener for the buttons in that object. This is diagrammed
in Figure 6.7.
Next we explain how to make a class, such as ButtonDemo, into a listener
class for events fired by buttons. Different kinds of components require
different kinds of listener classes to handle the events they fire. A button fires
events known as action events, which are handled by listeners known as
action listeners.
An action listener is an object of type ActionListener. ActionListener
is not a class but is a property that you can give to any class you define.
Properties such as ActionListener are known as interfaces and are discussed
in more detail in Chapter 8. To make a class into an action listener, we need
to do two things:
• Add the phrase implementsActionListener to the beginning of the class
definition, normally at the end of the first line.
• Define a method named actionPerformed.

FIGURE 6.7 Buttons and an Action Listener
sunnyButton

e

These buttons fire action events,
named e in our code.

An applet of the class ButtonDemo is the listener for
both of its buttons.

applet
e

cloudyButton

When action event e is fired,
the applet executes
this.actionPerformed(e);
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Here is an outline of the definition of the class ButtonDemo:
public class ButtonDemo extends JApplet implements
ActionListener
{
. . .
public void actionPerformed(ActionEvent e)
{
. . .
}
. . .
}

Although we could have defined a separate class that did nothing but handle
button events, we instead made the applet class ButtonDemo into the action
listener that will handle button events, because button events are supposed
to change the applet, and the easiest way to change an applet is by using a
method within the applet itself.
If the user clicks one of the buttons inside the applet, using the
mouse, an action event is sent to the action listener for that button.
Because the applet itself is the action listener for the buttons, the action
event goes to the applet object. When an action listener receives an action
event, the event is automatically passed to the method actionPerformed.
The method actionPerformed typically contains a branching statement
that asks what kind of action event was fired and then performs some
appropriate action.
The method actionPerformed for our applet class ButtonDemo is
public void actionPerformed(ActionEvent e)
{
Container contentPane = getContentPane();
if (e.getActionCommand().equals("Sunny"))
contentPane.setBackground(Color.BLUE);
else if (e.getActionCommand().equals("Cloudy"))
contentPane.setBackground(Color.GRAY);
else
System.out.println("Error in button interface.");
}

In this case, the method actionPerformed needs to know whether the action
event came from the button labeled Sunny or the button labeled Cloudy. If e
is an action event that was fired by clicking a button, e.getActionCommand()
returns the string written on the button; in this case it returns either "Sunny"
or "Cloudy". This string is known as the action command. (You can specify
a different action command, but we postpone that detail until Chapter 13,
XIJDIJTBWBJMBCMFPOUIFCPPLT8FCTJUF
All the method actionPerformed needs to do is see whether the action
command returned by e.getActionCommand() is the string "Sunny" or

getAction
Command returns

an action
command
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the string "Cloudy" and perform the appropriate action for that button. Since
e.getActionCommand() returns an object of the class String, we use String's
method equals to make this test, using a method invocation of the following form:
e.getActionCommand().equals(String_Argument)

6TJOHUIJTJOWPDBUJPOJOBO if statement allows us to change the color of the
content pane accordingly by using a statement like
contentPane.setBackground(Color.BLUE);

%FGJOJOH BO BDUJPO MJTUFOFS DMBTT SFRVJSFT UIF GPMMPXJOH BEEJUJPOBM JNQPSU
statements:
import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;

RECAP Action Events and Action Listeners
Buttons and certain other components fire events as objects of the class
ActionEvent. These events are action events and are handled by one or
more action listeners. Any class—including an applet class—can become
an action listener by taking the following steps:
t "EEUIFQISBTFimplements ActionListener to the end of the heading of
the class definition.
t .BLFUIFCVUUPOPSPUIFSDPNQPOFOUUIBUXJMMGJSFUIFBDUJPOFWFOUSFHJTUFS
the action listener by invoking the method addActionListener and passing it
an object of the ActionListener class as an argument.
t "EEBEFGJOJUJPOGPSBNFUIPEOBNFEactionPerformed to the class.
An action listener may serve some other purpose in addition to being an
action listener.
EXAMPLE
See Listing 6.22.

RECAP The Method actionPerformed
To be an action listener, a class must—among other things—have a
method named actionPerformed that has one parameter of type
ActionEvent. This is the only method required by the ActionListener
interface.
(continued)
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SYNTAX
public void actionPerformed(ActionEvent e)
{
Code_for_Actions_Performed
}

The Code_for_Actions_Performed is typically a branching statement
that depends on some property of the argument e. Often the branching
depends on the invocation e.getActionCommand(), which returns an
action command. If e is an event fired by clicking a button, the action
command returned is the string written on the button.
EXAMPLE
See Listing 6.22.

PROGRAMMING EXAMPLE

A Complete Applet with
Buttons

Listing 6.22 contains an applet that starts out looking just like the applet in
Listing 6.21, but in this version the buttons “work.” If you click the button
labeled Sunny, the background turns blue. If you click the button labeled
Cloudy, the background turns gray. Note that the final else clause should
never execute. We wrote it to provide a warning if we made some unnoticed
mistake in the code.

LISTING 6.22 Adding Actions to the Buttons (part 1 of 3)
import javax.swing.JApplet;
The code for this applet adds the
import javax.swing.JButton;
highlighted text to Listing 6.21
import java.awt.Color;
import java.awt.Container;
import java.awt.FlowLayout;
import java.awt.Graphics;
Use of ActionEvent and
import java.awt.event.ActionEvent;
ActionListener requires
import java.awt.event.ActionListener;
these import statements.
/**
Simple demonstration of adding buttons to an applet.
These buttons do something when clicked.
*/

(continued)
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LISTING 6.22 Adding Actions to the Buttons (part 2 of 3)
public class ButtonDemo extends JApplet implements ActionListener
{
public void init()
{
Container contentPane = getContentPane();
contentPane.setBackground(Color.WHITE);
contentPane.setLayout(new FlowLayout());
JButton sunnyButton = new JButton("Sunny");
contentPane.add(sunnyButton);
sunnyButton.addActionListener(this);
JButton cloudyButton = new JButton("Cloudy");
contentPane.add(cloudyButton);
cloudyButton.addActionListener(this);
}
public void actionPerformed(ActionEvent e)
{
Container contentPane = getContentPane();
if (e.getActionCommand().equals("Sunny"))
contentPane.setBackground(Color.BLUE);
else if (e.getActionCommand().equals("Cloudy"))
contentPane.setBackground(Color.GRAY);
else
System.out.println("Error in button interface.");
}
}

(continued)
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LISTING 6.22 Adding Actions to the Buttons (part 3 of 3)

■ PROGRAMMING TIP

Applets Do Not Use Constructors

Applets are atypical classes in that they normally have no constructors. The
JOJUJBMJ[BUJPOBDUJPOTUIBUZPVNJHIUFYQFDUUPQVUJOBOBQQMFUTDPOTUSVDUPS
■
are instead placed in the special method init.

S E L F-TE S T QU E S TIO N S
46. The method actionPeformed in Listing 6.22 contains the following line:
Container contentPane = getContentPane();

%PFT UIF DPOUFOU QBOF IBWF UP CF OBNFE contentPane, or could it be
named something else, as in the following:
Container insideOfApplet = getContentPane();
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47. What does it mean when we say that an event is “sent” to a listener object?
48. In Listing 6.22, suppose we replaced the parameter e in the method
actionPerformed with the identifier buttonEvent. What effect would this
change have on the program?

Adding Icons

Use ImageIcon
to convert a
picture file to an
icon
Add an icon to a
label

As we mentioned at the beginning of this section, an icon is simply a picture.
The picture usually is small, although it is not actually required to be. The
picture you use can be of anything. Pictures are produced in a number of
formats—such as GIF and JPEG—that can be displayed on a computer screen.
You can use a picture in almost any standard format as the basis for an icon.
You store the picture files in the same folder (directory) as your program.
Swing converts a digital picture file into an icon, and you can then add the
icon to a label, button, or other component. You can display an icon, a string,
or both an icon and a string on any label or button.
The class ImageIcon in the Swing library is used to convert a digital
picture file into a Swing icon. For example, the following statement converts
the digital picture file named duke_waving.gif to an icon named dukeIcon:
ImageIcon dukeIcon = new ImageIcon("duke_waving.gif");

You can add this icon to a label by using the method setIcon, as follows:
niceLabel.setIcon(dukeIcon);

Listing 6.23 contains a simple example of these steps. The label niceLabel
also has the string "Java is fun!", so in this case the label displays both a
string and an icon.
LISTING 6.23 An Applet with an Icon Picture (part 1 of 2)
import javax.swing.ImageIcon;
import javax.swing.JApplet;
import javax.swing.JLabel;
public class IconDemo extends JApplet
{
public void init()
{
JLabel niceLabel = new JLabel("Java Is fun!");
ImageIcon dukeIcon = new ImageIcon("duke_waving.gif");
niceLabel.setIcon(dukeIcon);
getContentPane().add(niceLabel);
}
}

(continued)
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LISTING 6.23 An Applet with an Icon Picture (part 2 of 2)
Applet Output4

To omit the string from the label, you could change the definition of
niceLabel in Listing 6.23 to the following:
JLabel niceLabel = new JLabel();//No argument, so no string.

As a result, the sentence Java is fun! would not appear in the applet.
You can also use the method setIcon to add an icon to a button. For example,
if you add the highlighted statements in the following code to Listing 6.22, the
button with the text Sunny will also display the picture in the file smiley.gif:

Add an icon to a
button

JButton sunnyButton = new JButton("Sunny");
ImageIcon smileyFaceIcon = new ImageIcon("smiley.gif");
sunnyButton.setIcon(smileyFaceIcon);
contentPane.add(sunnyButton);
sunnyButton.addActionListener(this);

The screen output would appear as shown in Figure 6.8. The complete applet
code is in the file ButtonIconDemo.java included with the source code for
this book that is available on the Web.

S E L F-TE S T QU E S TIO N
49. The previous section showed you how to change the code in the applet
in Listing 6.22 so that the button labeled Sunny contained the picture
smiley.gif as well as text, as shown in Figure 6.8. Make additional
 +BWB  %VLF  BOE BMM +BWBCBTFE USBEFNBSLT BOE MPHPT BSF USBEFNBSLT PS SFHJTUFSFE
USBEFNBSLTPG0SBDMF *ODJOUIF6OJUFE4UBUFTBOEPUIFSDPVOUSJFT %VLFJTUIFGJHVSF
waving.)
4

Extra code on the
Web
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FIGURE 6.8 A Button Containing an Icon
The code for this applet is in the
file ButtonIconDemo.java in
the source code on the Web.

changes to the code so that the button labeled Cloudy contains the picture
nasty.gif as well as text. (The file nasty.gif is included with the source
code provided on the Web.)

Changing Visibility

An invisible
button is
inoperable

Every label and just about every button and other component we will
introduce later has a method named setVisible. This method can change a
component from visible to invisible or from invisible to visible according to
the boolean value passed to it as an argument.
If a label or other component invokes the method setVisible and gives it
an argument of true, the component will become visible. On the other hand,
an argument of false makes the component invisible. If setVisible is not
invoked at all, the component will be visible by default. When a component,
such as a button, is invisible, you cannot click it with your mouse to get an
action. An “invisible” component is not just invisible; it is not there at all. The
next programming example demonstrates the use of the setVisible method.

PROGRAMMING EXAMPLE

An Example of Changing
Visibility

The applet in Listing 6.24 defines a label that is initially invisible. When
the user clicks the button in the applet, the label becomes visible. The label
is named response and is made invisible by the following invocation of
setVisible within the method init:
response.setVisible(false);
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LISTING 6.24 An Applet with a Label That Changes
Visibility (part 1 of 2)
import
import
import
import
import
import
import
import
import
import

javax.swing.ImageIcon;
javax.swing.JApplet;
javax.swing.JButton;
javax.swing.JLabel;
java.awt.Color;
java.awt.Container;
java.awt.FlowLayout;
java.awt.Graphics;
java.awt.event.ActionEvent;
java.awt.event.ActionListener;

/**
Simple demonstration of changing visibility in an applet.
*/
public class VisibilityDemo extends JApplet implements
ActionListener
The label response and the variable
{
contentPane are instance variables, so
private JLabel response;
they can be used in both of the methods
private Container contentPane;
init and actionPerformed.
public void init()
{
contentPane = getContentPane();
contentPane.setBackground(Color.WHITE);
//Create button:
JButton aButton = new JButton("Push me!");
aButton.addActionListener(this);
//Create label:
response = new JLabel("Thanks. That felt good!");
ImageIcon smileyFaceIcon = new ImageIcon("smiley.gif");
response.setIcon(smileyFaceIcon);
response.setVisible(false);//Invisible until button is
//clicked
//Add button:
contentPane.setLayout(new FlowLayout());
contentPane.add(aButton);
//Add label
contentPane.add(response);
}
public void actionPerformed(ActionEvent e)
{
contentPane.setBackground(Color.PINK);
response.setVisible(true);//Show label
}
}

(continued)
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LISTING 6.24 An Applet with a Label That Changes
Visibility (part 2 of 2)

When the user clicks the button, the method actionPerformed is invoked.
This method executes the statement
response.setVisible(true);

making the label, which says Thanks. That felt good!, visible.
The label response and the variable contentPane are private instance
variables in the applet, so they can be used in both of the methods init and
actionPerformed. The variable contentPane is initialized to the content pane
of the applet by an invocation of getContentPane in the method init. This
initialization of the variable contentPane is an example of the method init
behaving like a constructor.
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RECAP The Method setVisible
Labels, buttons, and other applet components have a setVisible
method. This method takes one argument of type boolean. If a
Component is one of these components, the statement
aComponent.setVisible(true);

will make aComponent visible. The call
aComponent.setVisible(false);

will hide aComponent, that is, will make it invisible.

GOTCHA

The Meaning of “Invisible”

The term invisible as used with setVisible may need a bit of clarification.
Suppose aButton is a button. After
aButton.setVisible(false);

executes, the button is “invisible.” But invisible here means more than the
traditional meaning of the word. It really means the button is not there. Some
programmers mistakenly think that this sort of “invisible” button is there,
although it cannot be seen; so if they click the portion of the screen that
formerly held the button, they expect to get the same effect as clicking the
button. They are wrong. You cannot click an invisible button, unless you first
make it visible.
■

S E L F-TE S T QU E S TIO N S
50. In Listing 6.24 the parameter e in the method actionPerformed is never
VTFE*TUIJT0,
51. Why is there no branching statement in the method actionPerformed in
Listing 6.24?
52. Revise the applet in Listing 6.24 so that the button disappears after it is
clicked.
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CHAPTER SUMMARY
■

A constructor is a method that creates and initializes an object of the class
when you invoke it using the operator new. A constructor must have the
same name as the class.

■

A constructor without parameters is called a default constructor. A class that
does not define a constructor will be given a default constructor automatically. A class that defines one or more constructors, none of which is a default constructor, will have no default constructor.

■

When defining a constructor for a class, you can use this as a name for another constructor in the same class. Any call to this must be the first action
taken by the constructor.

■

The declaration of a static variable contains the keyword static. A static
variable is shared by all the objects of its class.

■

The heading of a static method contains the keyword static. A static
method is typically invoked using the class name instead of an object name.
A static method cannot reference an instance variable of the class, nor can it
invoke a non-static method of the class without using an object of the class.

■

Each primitive type has a wrapper class that serves as a class version of that
primitive type. Wrapper classes also contain a number of useful predefined
constants and methods.

■

Java performs an automatic type cast from a value of a primitive type to an object of its corresponding wrapper class—and vice versa—whenever it is needed.

■

When writing a method definition, divide the task to be accomplished into
subtasks.

■

Every method should be tested in a program in which it is the only untested
method.

■

Two or more methods within the same class can have the same name if they
have different numbers of parameters or some parameters of differing types.
That is, the methods must have different signatures. This is called overloading the method name.

■

An enumeration is actually a class. Thus, you can define instance variables,
constructors, and methods within an enumeration.

■

You can form a package of class definitions you use frequently. Each such
class must be in its own file within the same folder (directory) and contain
a package statement at its beginning.

■

You can use the classes in a package within any program without needing
to move them to the same folder (directory) by simply including an import
statement at the beginning of your program.
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■

You can add buttons and icons to applets.

■

In event-driven programming, certain actions—like clicking a button—fire
events. The events are received by listeners that perform actions, the details
of which depend on the event fired.

■

An action listener is a class that has the phrase implements ActionListener at the end of its heading and defines a method actionPerformed. The
method has one parameter of type ActionEvent.

■

You can use the method setVisible to make components, such as labels
and buttons, visible or invisible.

Exercises
1. Create a class that will bundle together several static methods for tax computations. This class should not have a constructor. Its attributes are
 t basicRate—the basic tax rate as a static double variable that starts at
4 percent
 t luxuryRate—the luxury tax rate as a static double variable that starts at
10 percent
Its methods are
 t computeCostBasic(price)—a static method that returns the given price
plus the basic tax, rounded to the nearest penny.
 t computeCostLuxury(price)—a static method that returns the given
price plus the luxury tax, rounded to the nearest penny.
 t changeBasicRateTo(newRate)—a static method that changes the basic
tax rate.
 t changeLuxuryRateTo(newRate)—a static method that changes the luxury tax rate.
 t roundToNearestPenny(price)—a private static method that returns the
given price rounded to the nearest penny. For example, if the price is
12.567, the method will return 12.57.
2. Consider a class Time that represents a time of day. It has attributes for the
hour and minute. The hour value ranges from 0 to 23, where the range 0 to
11 represents a time before noon. The minute value ranges from 0 to 59.
a. Write a default constructor that initializes the time to 0 hours, 0 minutes.
b. Write a private method isValid(hour, minute) that returns true if the
given hour and minute values are in the appropriate range.
c. Write a method setTime(hour, minute) that sets the time if the given
values are valid.

463

464

CHAPTER 6 / More About Objects and Methods

d. Write another method setTime(hour, minute, isAM) that sets the time
if the given values are valid. The given hour should be in the range
1 to 12. The parameter isAm is true if the time is an a.m. time and false
otherwise.
3. Write a default constructor and a second constructor for the class RatingScore, as described in Exercise 9 of the previous chapter.
4. Write a constructor for the class ScienceFairProjectRating, as described
in Exercise 10 of the previous chapter. Give this constructor three parameters corresponding to the first three attributes that the exercise describes.
The constructor should give default values to the other attributes.
5. Consider a class Characteristic that will be used in an online dating
service to assess how compatible two people are. Its attributes are
t description—a string that identifies the characteristic
 t ratingBOJOUFHFSCFUXFFOBOEUIBUJOEJDBUFTBQFSTPOTEFTJSFGPS
this characteristic in another person
a. Write a constructor that sets the description of the characteristic to a
given string and sets the rating to zero to indicate that it has not yet
been determined.
b. Write a private method isValid(aRating) that returns true if the
given rating is valid, that is, is between 1 and 10.
c. Write a method setRating(aRating) that sets the rating to aRating
if it is valid.
d. Write a method setRating that reads a rating from the keyboard,
insisting that the rating supplied by the user be valid.
6. Create a class RoomOccupancy that can be used to record the number of
people in the rooms of a building. The class has the attributes
 t numberInRoom—the number of people in a room
 t totalNumber—the total number of people in all rooms as a static variable
The class has the following methods:
 t addOneToRoom—adds a person to the room and increases the value of
totalNumber

 t removeOneFromRoom—removes a person from the room, ensuring that
numberInRoom does not go below zero, and decreases the value of
totalNumber as needed
 t getNumber—returns the number of people in the room
 t getTotal—a static method that returns the total number of people
7. Write a program that tests the class RoomOccupancy described in the previous exercise.
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8. Sometimes we would like a class that has just a single unique instance. Create
a class Merlin that has one attribute, theWizard, which is static and of type
Merlin. The class has only one constructor and two methods, as follows:
 t Merlin—a private constructor. Only this class can invoke this constructor; no other class or program can create an instance of Merlin.
 t summon —a static method that returns theWizard if it is not null ;
if theWizard is null , this method creates an instance of Merlin
using the private constructor and assigns it to theWizard before
returning it.
 t consult—a non-static method that returns the string "Pull the sword
from the stone"

9. Create a program that tests the class Merlin described in the previous exercise.
6TFUIFtoString method to verify that a unique instance has been created.
10. In the previous chapter, Self-Test Question 16 described a class Person to repSFTFOUBQFSTPO5IFDMBTTIBTJOTUBODFWBSJBCMFTGPSBQFSTPOTOBNF XIJDIJT
a string, and an integer age. These variables are name and age, respectively.
a. Write a default constructor for Person that sets name to the string
"No name yet" and age to zero.
b. Write a second constructor for Person that sets name to a given string
and age to a given age.
c. Write a static method createAdult for Person that returns a special instance of this class. The instance represents a generic adult and has the
name "An adult" and the age 21.
11. Create a class Android whose objects have unique data. The class has the
following attributes:
 t tag—a static integer that begins at 1 and changes each time an instance
is created
 t name—a string that is unique for each instance of this class
Android has the following methods:

 t Android —a default constructor that sets the name to "Bob"
concatenated with the value of tag . After setting the name, this
constructor changes the value of tag by calling the private method
changeTag.
 t getName—returns the name portion of the invoking object.
 t isPrime(n)—a private static method that returns true if n is prime—that
is, if it is not divisible by any number from 2 to n − 1.
 t changeTag—a private static method that replaces tag with the next
prime number larger than the current value of tag.
12. Create a program that tests the class Android described in the previous exercise.
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PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
  %FGJOFBVUJMJUZDMBTTGPSEJTQMBZJOHWBMVFTPGUZQF double. Call the class
DoubleOut. Include all the methods from the class DollarFormat in Listing
6.14, all the methods from the class OutputFormat of Self-Test Question
30, and a method called scienceWrite that displays a value of type double
using e notation, such as 2.13e–12. (This e notation is also called scientific
notation, which explains the method name.) When displayed in e notation,
the number should appear with exactly one nonzero digit before the decimal
point—unless the number is exactly zero. The method scienceWrite will
not advance to the next line. Also add a method called scienceWriteln that
is the same as scienceWrite except that it does advance to the next line. All
but the last two method definitions can simply be copied from the text (or
more easily from the source code for this book that is available on the Web.).
Note that you will be overloading the method names write and writeln.
Write a driver program to test your method scienceWriteln. This driver
program should use a stub for the method scienceWrite. (Note that
this means you can write and test scienceWriteln before you even
write scienceWrite.) Then write a driver program to test the method
scienceWrite. Finally, write a program that is a sort of super driver program
that takes a double value as input and then displays it using the two writeln
methods and the scienceWritelnNFUIPE6TFUIFOVNCFSGPSUIFOVNCFS
of digits after the decimal point when you need to specify such a number.
This super driver program should allow the user to repeat this testing with
additional numbers of type double until the user is ready to end the program.
2. Modify the definition of the class Species in Listing 5.19 of Chapter 5 by
removing the method setSpecies and adding the following methods:
 t 'JWFDPOTUSVDUPSTPOFGPSFBDIJOTUBODFWBSJBCMF POFXJUIUISFFQBSBNeters for the three instance variables, and a default constructor. Be sure
that each constructor sets all of the instance variables.
 t 'PVSNFUIPETOBNFE set that can reset values: one is the same as the
method setSpecies in Listing 5.16, and the other three each reset one
of the instance variables.
Then write a test program to test all the methods you have added. Finally,
repeat Programming Project 1 in Chapter 5, but be sure to use some
constructor other than the default constructor when you define new
objects of the class Species.
3. Repeat Programming Project 4 in Chapter 5. This time, add the following
four constructor methods: one for each instance variable, one with two
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parameters for the two instance variables, and a default constructor. Be
sure that each constructor sets all of the instance variables. Write a driver
program to test each of the methods, including each of the four constructors and at least one true and one false case for each of the test methods.
4. Write a new class TruncatedDollarFormat that is the same as the class
DollarFormat from Listing 6.14, except that it truncates rather than rounds
to obtain two digits after the decimal point. When truncating, all digits
after the first two are discarded, so 1.229 becomes 1.22, not 1.23. Repeat
Programming Project 10 in Chapter 4 using this new class.
  6TJOHUIFDMBTTPet from Listing 6.1, write a program to read data for five
pets and display the following data: name of smallest pet, name of largest
pet, name of oldest pet, name of youngest pet, average weight of the five
pets, and average age of the five pets.
6. Complete and fully test the class Time that Exercise 2 describes. Add two
more constructors that are analogous to the setTime methods described in
Parts c and d of Exercise 2. Also include the following methods:
 t getTime24 returns a string that gives the time in 24-hour notation hhmm.
For example, if the hour value is 7 and the minute value is 25, return
"0725". If the hour value is 0 and the minute value is 5, return "0005".
If the hour value is 15 and the minute value is 30, return "1530".
 t getTime12 returns a string that gives the time in 12-hour notation h:mm
xx. For example, if the hour value is 7 and the minute value is 25, return "7:25 am". If the hour value is 0 and the minute value is 5, return
"12:05 am". If the hour value is 15 and the minute value is 30, return
"3:30 pm".
7. Complete and fully test the class Characteristic that Exercise 5 describes.
Include the following methods:
 t getDescription—returns the description of this characteristic.
 t getRating—returns the rating of this characteristic.
 t getCompatability(Characteristic otherRating)—returns the compatibility measure of two matching characteristics, or zero if the descriptions do not match.
 t getCompatibilityMeasure(Characteristic otherRating)—a private
method that returns a compatibility measure as a double value using the
formula.
(r – r )2
m = 1– 1 2
81

[

]

when both ratings are nonzero; m is zero if either rating is zero. (Recall
from Exercise 5 that the constructor sets the rating to zero, indicating that
it has not yet been determined.)
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 t isMatch(Characteristic otherRating)—a private method that returns true if the descriptions match.
8. Write a Java enumeration LetterGrade that represents letter grades A
UISPVHI' JODMVEJOHQMVTBOENJOVTHSBEFT%FGJOFBQSJWBUFJOTUBODFWBSJable to hold a boolean value that is true if the grade is passing. Also, define
a constructor that initializes this instance variable, an accessor method isPassing to return its value, and a method toString that returns the grade
as a string. Finally, write a program to demonstrate the enumeration.
9. Complete and fully test the class Person that Exercise 10 describes. Include
the following additional methods:

VideoNote
Solving a similar problem

 t getName—returns the name of the person as a string.
 t getAge—returns the age of the person.
 t setName(first, last)—sets the name of the person, given a first and
last name as strings.
 t setName(name)—sets the name of the person, given the entire name as
one string.
 t setAge(age)—sets the age of the person.
 t createToddler—a static method that returns a special instance of the
class to represent a toddler. The instance has the name "A toddler" and
the age 2.
 t createPreschooler—a static method that returns a special instance of
the class to represent a preschooler. The instance has the name "A preschooler" and the age 5.
 t createAdolescent—a static method that returns a special instance of
the class to represent an adolescent. The instance has the name "An
adolescent" and the age 9.
 t createTeenager—a static method that returns a special instance of the
class to represent a teenager. The instance has the name "A teenager"
and the age 15.
10. Write a Temperature class that represents temperatures in degrees in both
$FMTJVTBOE'BISFOIFJU6TFBGMPBUJOHQPJOUOVNCFSGPSUIFUFNQFSBUVSF
and a character for the scale: either 'C' for Celsius or 'F' for Fahrenheit.
The class should have
 t 'PVSDPOTUSVDUPSTPOFGPSUIFOVNCFSPGEFHSFFT POFGPSUIFTDBMF POF
for both the degrees and the scale, and a default constructor. For each
of these constructors, assume zero degrees if no value is specified and
Celsius if no scale is given.
 t 5XPBDDFTTPSNFUIPETPOFUPSFUVSOUIFUFNQFSBUVSFJOEFHSFFT$FMTJVT UIFPUIFSUPSFUVSOJUJOEFHSFFT'BISFOIFJU6TFUIFGPSNVMBTGSPN
Programming Project 5 of Chapter 3 and round to the nearest tenth of
a degree.
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 t 5ISFFTFUNFUIPETPOFUPTFUUIFOVNCFSPGEFHSFFT POFUPTFUUIFTDBMF 
and one to set both.
 t 5ISFFDPNQBSJTPONFUIPETPOFUPUFTUXIFUIFSUXPUFNQFSBUVSFTBSF
equal, one to test whether one temperature is greater than another, and
one to test whether one temperature is less than another.
Write a driver program that tests all the methods. Be sure to invoke each
of the constructors, to include at least one true and one false case for each
comparison method, and to test at least the following three temperature
pairs for equality: 0.0 degrees C and 32.0 degrees F, −40.0 degrees C and
−40.0 degrees F, and 100.0 degrees C and 212.0 degrees F.
11. Repeat Programming Project 10 of the previous chapter, but include constructors.
12. Write and fully test a class that represents rational numbers. A rational
number can be represented as the ratio of two integer values, a and b,
where b is not zero. The class has attributes for the numerator and denominator of this ratio. The ratio should always be stored in its simplest form.
That is, any common factor of a and b should be removed. For example,
the rational number 40/12 should be stored as 10/3.
The class has the following constructors and methods:
 t "EFGBVMUDPOTUSVDUPSUIBUTFUTUIFSBUJPOBMOVNCFSUP
 t "DPOTUSVDUPSUIBUIBTQBSBNFUFSTGPSUIFOVNFSBUPSBOEEFOPNJOBUPS
and converts the resulting ratio to simplified form.
 t simplify—a private method that converts the rational number to simplified form.
 t getGCD(x, y)—a private static method that returns the largest common
factor of the two positive integers x and y, that is, their greatest common
divisor. For example, the greatest common divisor of 40 and 12 is 4.
 t getValue—returns the rational number as a double value.
 t toString—returns the rational number as a string in the form a/b.
13. Write a program that will record the votes for one of two candidates by
using the class VoteRecorder, which you will design and create. Vote
Recorder will have static variables to keep track of the total votes for candidates and instance variables to keep track of the votes made by a single
person. It will have the following attributes:
 t nameCandidatePresident1—a static string that holds the name of the
first candidate for president
 t nameCandidatePresident2—a static string that holds the name of the
second candidate for president
 t nameCandidateVicePresident1—a static string that holds the name of
the first candidate for vice president

VideoNote
Solution to Project 12
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 t nameCandidateVicePresident2—a static string that holds the name of
the second candidate for vice president
 t votesCandidatePresident1—a static integer that holds the number of
votes for the first candidate for president
 t votesCandidatePresident2—a static integer that holds the number of
votes for the second candidate for president
 t votesCandidateVicePresident1—a static integer that holds the number of votes for the first candidate for vice president
 t votesCandidateVicePresident2—a static integer that holds the number of votes for the second candidate for vice president
 t myVoteForPresident—an integer that holds the vote of a single individual for president (0 for no choice, 1 for the first candidate, and 2 for
the second candidate)
 t myVoteForVicePresident—an integer that holds the vote of a single
individual for vice president (0 for no choice, 1 for the first candidate,
and 2 for the second candidate)
In addition to appropriate constructors, VoteRecorder has the following
methods:
 t setCandidatesPresident(String name1, String name2)—a static
method that sets the names of the two candidates for president
 t setCandidatesVicePresident(String name1, String name2)—a
static method that sets the names of the two candidates for vice president
 t resetVotes—a static method that resets the vote counts to zero
 t getCurrentVotePresident—a static method that returns a string with
the current total number of votes for both presidential candidates
 t getCurrentVoteVicePresident—a static method that returns a string
with the current total number of votes for both vice presidential candidates
 t getAndConfirmVotesBOPOTUBUJDNFUIPEUIBUHFUTBOJOEJWJEVBMT
votes, confirms them, and then records them
 t getAVote(String name1, String name2)—a private method that returns a vote choice for a single race from an individual (0 for no choice,
1 for the first candidate, and 2 for the second candidate)
 t getVotes—a private method that returns a vote choice for president and
vice president from an individual
 t confirmVotesBQSJWBUFNFUIPEUIBUEJTQMBZTBQFSTPOTWPUFGPSQSFTident and vice president, asks whether the voter is happy with these
choices, and returns true or false according to a yes-or-no response
 t recordVotesBQSJWBUFNFUIPEUIBUXJMMBEEBOJOEJWJEVBMTWPUFTUP
the appropriate static variables
Create a program that will conduct an election. The candidates for president are Annie and Bob. The candidates for vice president are John and
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4VTBO6TFBMPPQUPSFDPSEUIFWPUFTPGNBOZWPUFST$SFBUFBOFX Vote
Recorder object for each voter. After all the voters are done, present the
results.
14. Repeat Programming Project 12 from Chapter 5, but include constructors.
15. Change the applet in Listing 6.24 so that after the button is clicked, the
button disappears. The label and the icon should remain visible just as in
Listing 6.24. (Hint: This is not a big change.)

Graphics

 8SJUFUIFDPEFGPSBOBQQMFUPS(6*BQQMJDBUJPOUIBUIBTUISFFCVUUPOT
labeled Red, White, and Blue. When a button is clicked, the background of
Graphics
the applet changes to the color named on the button.
 $SFBUFBOBQQMFUPS(6*BQQMJDBUJPO Light that simulates a simple light.
Create one button labeled On/Off. As you click this button, the background
color will change between DARK_GRAY and YELLOW.

Graphics

 $SFBUFBOBQQMFUPS(6*BQQMJDBUJPOUIBUQMBZTBTJNQMFHVFTTJOHHBNF
Give it two buttons labeled Odd and Even. The user must guess whether a
secret number is odd or even by clicking one of these buttons. After a guess
is made, the applet should display either Congratulations, you are correct! or Sorry, you are wrong. In either case, also display The secret
number wasGPMMPXFECZUIFTFDSFUOVNCFS6TFMBCFMTGPSUIFTFUISFFNFT- Graphics
sages.
The program will have a private instance variable secretNumber of type
long that holds the secret number. You will need to set it in the init
method using the following line of code:
secretNumber =
java.util.Calendar.getInstance().getTimeInMillis() % 100;

In the actionPerformed method, check which button was pressed and
make the appropriate response label visible. After that, make the two buttons invisible (only one guess is allowed) and the label containing the
secret number visible.

Answers to Self-Test Questions
1. If a class is named Student, every constructor for this class must also be
named Student.
2. You specify no return type for a constructor, not even void.
3. A default constructor is a constructor without parameters.
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4. Classes do not always have a default constructor. If you give no constructor
definition for a class, Java will automatically provide a default constructor.
However, if you provide one or more constructors of any sort, Java does
not provide any constructors for you. So if none of your constructors is a
default constructor, the class has no default constructor.
5. yourPet.setPet(correctName, correctAge, correctWeight);
6. The declaration of an instance variable within a class definition has no
keyword static, but the declaration of a static variable does use static.
Every object of the class has its own instance variables. A class has only one
of each static variable, and all objects share that static variable.
7. Yes.
8. Yes. An example is the static variable interestRate in the method setInterestRate in Listing 6.7.
9. No, you cannot reference an instance variable within the definition of a
static method, because a static method can be invoked without an object,
and so there are no instance variables.
10. Yes.
11. Yes. Note that this means you can reference both static variables and instance variables within a non-static method.
12. It is valid, but a more normal way of doing the same thing is
double inches = imensionConverter.convertFeetToInches(2.5);

13. Yes.
14. Yes, you can invoke a non-static method within the definition of a static
method, but only if you have an object of the class and use that object in
the invocation of the non-static method.
15. Yes. Invoking a static method within the definition of a non-static method
requires nothing special.
16. No, because addInterest is not a static method.
17. a. 2; b. 3; c. 2.0; d. 2.0; e. 3.0; f. 3.0; g. A random integer ≥10 and ≤ 19. Note
that the first two values are of type long, while the last four values are of
type double.
18. approxSpeed = (int)Math.round(speed);
Because Math.round returns a value of type long, and you want a value of
type int, you must use a type cast.
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19. longSpeed = Math.round(speed);
Because Math.round returns a value of type long, no type cast is necessary.
20. long. Since one argument is of type long, the result is of type long.
21. The following class and a demonstration program are included in the code
that is on the Web.
public class CircleCalculator
{
public static double getArea(double radius)
{
return Math.PI * radius * radius;
}
public static double getCircumference(double radius)
{
return Math.PI * (radius + radius);
}
}

22. They are all legal.
23. Double.toString(x)
24. Integer.parseInt(s)
25. Integer.parseInt(s.trim())
26. System.out.println("Largest double is " + Double.MAX_VALUE);
System.out.println("Smallest double is " + Double.MIN_VALUE);

27. $7.00
 6TFWBSJBCMFTPGUZQF long, rather than variables of type int. Note that,
because the method Math.round returns a value of type long, you will not
need a type cast in the method writePositive. For example,
int allCents = (int)(Math.round(amount * 100));

would become
long allCents = Math.round(amount * 100);

The variables dollars and cents should also be changed to type long.
29. This will produce a “Null Pointer Exception” error message. The variables
s1 and s2 do not name any objects. The lines
Species s1 = null;
Species s2 = null;
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should be changed to
Species s1 = new Species();
Species s2 = new Species();

30. The class OutputFormat is in the file OutputFormat.java included with the
source code provided on the Web. We also list it here:
public class OutputFormat
{
/**
Displays a number with digitsAfterPoint digits after the
decimal point. Rounds any extra digits.
Does not advance to the next line after output.

*/
public static void write(double number, int digitsAfterPoint)
{
if (number >= 0)
writePositive(number, digitsAfterPoint);
else
{
double positiveNumber = -number;
System.out.print('-');
writePositive(positiveNumber, digitsAfterPoint);
}
}
//Precondition: number >= 0
//Displays a number with digitsAfterPoint digits after
//the decimal point. Rounds any extra digits.
private static void writePositive(double number,
int digitsAfterPoint)
{
int mover = (int)(Math.pow(10, digitsAfterPoint));
//1 followed by digitsAfterPoint zeros
int allWhole; //number with the decimal point
//moved digitsAfterPoint places
allWhole = (int)(Math.round(number * mover));
int beforePoint = allWhole / mover;
int afterPoint = allWhole % mover;
System.out.print(beforePoint);
System.out.print('.');
writeFraction(afterPoint, digitsAfterPoint);
}
//Displays the integer afterPoint with enough zeros
//in front to make it digitsAfterPoint digits long.
private static void writeFraction(int afterPoint,
int digitsAfterPoint)
{
int n = 1;
while (n < digitsAfterPoint)
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{
if (afterPoint < Math.pow(10, n))
System.out.print('0');
n = n + 1;
}
System.out.print(afterPoint);
}
/**
Displays a number with digitsAfterPoint digits after the decimal point. Rounds any extra digits.
Advances to the next line after output.
*/
public static void writeln(double number,
int digitsAfterPoint)
{
write(number, digitsAfterPoint);
System.out.println();
}
}

31. Yes, you could use the names print and println, rather than write and
writeln, in the class OutputFormat. Java would have no name confusion
with System.out.println, because when you invoke a method in OutputFormat, you specify the class name before the dot. (If you invoke the
method with an object instead of the class name, Java still knows the class
name because it knows the type of the object.) However, the methods in
OutputFormat behave a little differently from the method System.out.
println, so using a different name would be clearer to people.
32. Yes, the 7 would be converted to 7.0 by Java so that the types would match
the heading of the constructor having three parameters.
33. No, you cannot overload a method name on the basis of return type. These
two methods have the same signatures.
34. Yes, they differ in the type of their parameter, so this is a valid overloading of the
method name convertValue. The fact that the methods return values of different types does not affect whether or not both definitions can be used. Only the
types of the parameters matter in making overloading valid in this case.
35. Yes, it would be valid because no other method named setSpecies has the
same number and types of parameters. The definition follows:
public void setSpecies(String newName)
{
name = newName;
population = 0;
growthRate = 0;
}
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36. Yes, it would be valid because no other method named setSpecies has the
same number and types of parameters. The definition follows:
public void setSpecies(String newName)
{
name = newName;
}

37. No; if you add both of these new methods setSpecies, the class will have
two definitions of this method that have the same number and types of
parameters. That is, both methods have the same signature.
38. Simply delete all occurrences of this. from the definition.
39. Add an invocation of the method trim. The rewritten version follows
public void set(String amountString)
{
String dollarsString;
String centsString;
amountString = amountString.trim();
<The rest of the method definition is the same as in Listing
6.16.>

40. public String getNameOfFirst()
{
return first.getName();
}
public int getAgeOfFirst()
{
return first.getAge();
}
public double getWeightOrFirst()
{
return first.getWeight();
}

41. a.
b.
c.
d.
e.
f.
g.

3
false
A positive integer
Suit.CLUBS
Suit.SPADES
"black"
"spades"

42. import mypackages.library1.*;
43. You must make the following the first instruction line in the file, ignoring
blank lines and comments:
package mypackages.library1;
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44. A package name must be a path name for the directory that contains the
classes in the package, but the package name uses dots in place of slashes.
When naming the package, you use a relative path name that starts from any
directory named in the setting of the class path (environment) variable.
45. The way to do this depends a little on your operating system and on your
personal preferences. Here is an outline of what you should do: Choose a
package name and insert the following at the start of the file Pet.java:
package Package_Name;

Compile the modified file Pet.java. Place both of the files Pet.java and
Pet.class into the directory corresponding to Package_Name.
46. You may name the content pane anything you wish, other than a keyword.
So the following is perfectly legal:
Container insideOfApplet = getContentPane();

Of course, if you make this change, you must replace contentPane with
insideOfApplet wherever else it occurs in the method actionPerformed.
47. When we say that an event is “sent” to a listener object, what we really mean
is that some method in the listener object is invoked and given the event
object as the argument. This invocation happens automatically. Your applet
class definition will not normally contain an invocation of this method.
48. It would have no effect on the program, as long as you also replace e with
buttonEvent wherever else e occurs in the method actionPerformed. The
e is a parameter for the method, and we can use any non-keyword identifier as the parameter.
49. Change the code
JButton cloudyButton = new JButton("Cloudy");
contentPane.add(cloudyButton);
cloudyButton.addActionListener(this);

to the following:
JButton cloudyButton = new JButton("Cloudy");
ImageIcon nastyFaceIcon = new ImageIcon("nasty.gif");
cloudyButton.setIcon(nastyFaceIcon);
contentPane.add(cloudyButton);
cloudyButton.addActionListener(this);

The complete applet code is in the file ButtonIconDemo2.java included
with the source code for this book that is available on the Web.
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 :FTJUJT0,5IFQBSBNFUFSe must be included in the method heading but
need not be used in the method body.
51. The listener, which is the applet itself, is listening to only one button, so it
need not decide which button was clicked. There is only one button and
hence only one action.
52. Take the following three steps:
 t "EEUIFTUBUFNFOU
aButton.setVisible(false);

as the last one in the definition of the method actionPerformed.
 t .BLFaButton a private instance variable by adding the statement
private JButton aButton;

t %FMFUFJButton from the statement that creates aButton.
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They stood at attention in a neat row, all with the same uniform, yet each
with his own values.
8"33&/1&"$& The Lieutenant’s Array

An array is a special kind of object used to store a collection of data. An array
differs from the other objects you have seen in two ways:
t "MM UIF EBUB TUPSFE JO BO BSSBZ NVTU CF PG UIF TBNF UZQF 'PS FYBNQMF 
you might use an array to store a list of values of type double that record
rainfall readings in centimeters. Or you might use an array to store a list
of objects of some class called Species that contain the records for various
endangered species.
t "OBSSBZPCKFDUIBTPOMZBTNBMMOVNCFSPGQSFEFGJOFENFUIPET#FDBVTF
arrays were used by programmers for many years before classes were
JOWFOUFE  UIFZ VTF B TQFDJBM OPUBUJPO PG UIFJS PXO UP JOWPLF UIPTF GFX
QSFEFGJOFE NFUIPET  BOE NPTU QFPQMF EP OPU FWFO UIJOL PG UIFN BT
methods.
*OUIJTDIBQUFS XFJOUSPEVDFZPVUPBSSBZTBOETIPXZPVIPXUPVTFUIFN
in Java.

OBJECTIVES
"GUFSTUVEZJOHUIJTDIBQUFS ZPVTIPVMECFBCMFUP
t %FTDSJCFUIFOBUVSFBOEQVSQPTFPGBOBSSBZ
t 6TFBSSBZTJOTJNQMF+BWBQSPHSBNT
t %FGJOFNFUIPETUIBUIBWFBOBSSBZBTBQBSBNFUFS
t %FGJOFNFUIPETUIBUSFUVSOBOBSSBZ
t 6TFBOBSSBZBTBOJOTUBODFWBSJBCMFJOBDMBTT
t 6TFBOBSSBZUIBUJTOPUGJMMFEDPNQMFUFMZ
t 0SEFS PSTPSU UIFFMFNFOUTJOBOBSSBZ
t 4FBSDIBOBSSBZGPSBQBSUJDVMBSJUFN
t %FGJOFBOEVTFNVMUJEJNFOTJPOBMBSSBZT
t *OTFSUUFYUGJFMETBOEUFYUBSFBTJOUPZPVSBQQMFUT
t %SBXBSCJUSBSZQPMZHPOTJOZPVSBQQMFUT

PREREQUISITES
This is the first point in this book where you have a significant choice as to
XIBUUPSFBEOFYU*GZPVQSFGFS JOTUFBEPGSFBEJOHUIJTDIBQUFSOPX ZPVDBO
go on in the book and return to this discussion of arrays at a later time. You
480
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DBOSFBE$IBQUFSTUISPVHI   BOE FYDFQUGPS4FDUJPO BT
ZPVXJTICFGPSFZPVSFBEUIJTDIBQUFS4FDUJPOTBOEJODMVEFSFGFSFODFT
UPBSSBZTGPSTPNFPGUIFFYBNQMFT
4FDUJPOEFQFOETPOMZPO$IBQUFSTUISPVHI)PXFWFS ZPVTIPVME
be familiar with the material in all of the previous chapters before reading the
remaining sections of this chapter.
*G ZPV BSF SFBEJOH UIF HSBQIJDT TVQQMFNFOU TFDUJPOT JO FBDI DIBQUFS 
you can—and are encouraged to—read the first part of this chapter’s graphic
TVQQMFNFOU XIFUIFSZPVSFBEUIFSFTUPGUIFDIBQUFSPSOPU

7.1 ARRAY BASICS
And in such indexes, although small pricks
To their subsequent volumes, there is seen
The baby figure of the giant mass
Of things to come.
—WILLIAM SHAKESPEARE, TROILUS AND CRESSIDA

4VQQPTFZPVXBOUUPDPNQVUFUIFBWFSBHFUFNQFSBUVSFGPSUIFTFWFOEBZTJOB
week. You might use the following code:
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter 7 temperatures:");
double sum = 0;
for (int count = 0; count < 7; count++)
{
double next = keyboard.nextDouble();
sum = sum + next;
}
double average = sum / 7;

5IJTXPSLTGJOFJGBMMZPVXBOUUPLOPXJTUIFBWFSBHF#VUMFUTTBZZPVBMTP
want to know which temperatures are above and which are below the average.
/PX ZPV IBWF B QSPCMFN *O PSEFS UP DPNQVUF UIF BWFSBHF  ZPV NVTU SFBE
UIFTFWFOUFNQFSBUVSFT BOEZPVNVTUDPNQVUFUIFBWFSBHFCFGPSFDPNQBSJOH
FBDIUFNQFSBUVSFUPJU5IVT UPCFBCMFUPDPNQBSFFBDIUFNQFSBUVSFUPUIF
BWFSBHF ZPVNVTUSFNFNCFSUIFTFWFOUFNQFSBUVSFT)PXDBOZPVEPUIJT 
The obvious answer is to use seven variables of type double. This is a bit
BXLXBSE CFDBVTFTFWFOJTBMPUPGWBSJBCMFTUPEFDMBSF BOEJOPUIFSTJUVBUJPOT 
the problem can be even worse. Imagine doing the same thing for each day of
UIFZFBSJOTUFBEPGKVTUFBDIEBZPGUIFXFFL8SJUJOHWBSJBCMFEFDMBSBUJPOT
would be absurd. Arrays provide us with an elegant way to declare a collection
of related variables. An array is a collection of items of the same type. It is Items in an array
TPNFUIJOHMJLFBMJTUPGWBSJBCMFT CVUJUIBOEMFTUIFOBNJOHPGUIFWBSJBCMFTJO have the same
data type
BOJDF DPNQBDUXBZ
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Creating and Accessing Arrays
*O+BWB BOBSSBZJTBTQFDJBMLJOEPGPCKFDU CVUJUJTPGUFONPSFVTFGVMUPUIJOLPGBO
BSSBZBTBDPMMFDUJPOPGWBSJBCMFTPGUIFTBNFUZQF'PSFYBNQMF BOBSSBZDPOTJTUJOH
of a collection of seven variables of type double can be created as follows:
double[] temperature = new double[7];

This is like declaring the following seven strangely named variables to have
the type double:
temperature[0], temperature[1], temperature[2], temperature[3],
temperature[4], temperature[5], temperature[6]
An index is
an integer
expression that
indicates an array
element

Variables like temperature[0] and temperature[1] that have an integer
FYQSFTTJPO JO TRVBSF CSBDLFUT BSF DBMMFE indexed variables, subscripted
variable, array elements, or simply elements.5IFJOUFHFSFYQSFTTJPOXJUIJO
UIFTRVBSFCSBDLFUTJTDBMMFEBOindex or a subscript. Note that the numbering
TUBSUTXJUI OPU

REMEMBER Array Indices Begin at 0
In Java, the indices of an array always start with 0. They never start with 1
or any number other than 0.

Each of these seven variables can be used just like any other variable of
type double'PSFYBNQMF BMMPGUIFGPMMPXJOHTUBUFNFOUTBSFBMMPXFEJO+BWB
temperature[3] = 32;
temperature[6] = temperature[3] + 5;
System.out.println(temperature[6]);

8IFOXFUIJOLPGUIFTFJOEFYFEWBSJBCMFTBTCFJOHHSPVQFEUPHFUIFSJOUPPOF
DPMMFDUJWFJUFN XFXJMMDBMMUIFNBOBSSBZ4PXFDBOSFGFSUPUIFBSSBZOBNFE
temperatureXJUIPVUVTJOHBOZTRVBSFCSBDLFUT'JHVSFJMMVTUSBUFTUIFBSSBZ
temperature.
#VUUIFTFTFWFOWBSJBCMFTBSFNPSFUIBOKVTUTFWFOQMBJOPMEWBSJBCMFTPG
type double 5IF OVNCFS JO TRVBSF CSBDLFUT JT QBSU PG UIF OBNF PG FBDI PG
UIFTFWBSJBCMFT BOEJUEPFTOPUIBWFUPCFBOJOUFHFSDPOTUBOU*OTUFBE ZPV
DBOVTFBOZFYQSFTTJPOUIBUFWBMVBUFTUPBOJOUFHFSUIBUJTBUMFBTUBOEGPS
UIJTFYBNQMFBUNPTU4PUIFGPMMPXJOHDPEF GPSJOTUBODF JTBMMPXFE
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter day number (0 - 6):");
int index = keyboard.nextInt();
System.out.println("Enter temperature for day " + index);
temperature[index] = keyboard.nextDouble();
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FIGURE 7.1 A Common Way to Visualize an Array
Indices
0

1

2

3

4

5

6

32

30

25.7

26

34

31.5

29

The array temperature
temperature[5]

4JODFBOJOEFYDBOCFBOFYQSFTTJPO XFDBOXSJUFBMPPQUPSFBEWBMVFTJOUP
the array temperature BTGPMMPXT
System.out.println("Enter 7 temperatures:");
for (int index = 0;index < 7; index++)
temperature[index] = keyboard.nextDouble();

5IFVTFSDPVMEUZQFUIFTFWFOWBMVFTPOTFQBSBUFMJOFTPSBMMPOPOFMJOF TFQBSBUFE
CZTQBDFT"GUFSUIFBSSBZWBMVFTBSFSFBEJO XFDBOEJTQMBZUIFNBTGPMMPXT
System.out.println("The 7 temperatures are:");
for (int index = 0; index < 7; index++)
System.out.print(temperature[index] + " ");
System.out.println( );

5IFQSPHSBNJO-JTUJOHTIPXTBOFYBNQMFUIBUVTFTPVSTBNQMFBSSBZ
temperature BT TFWFO JOEFYFE WBSJBCMFT  BMM PG UZQF double. Note that the
program uses for loops similar to the ones we just considered.

LISTING 7.1 An Array of Temperatures (part 1 of 2)
/**
Reads 7 temperatures from the user and shows which are above
and which are below the average of the 7 temperatures.
*/
import java.util.Scanner;
public class ArrayOfTemperatures
{
public static void main(String[] args)
{
double[] temperature = new double[7];
// Read temperatures and compute their average:
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter 7 temperatures:");
double sum = 0;
for (int index = 0; index < 7; index++)

(continued)
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LISTING 7.1 An Array of Temperatures (part 2 of 2)
{
temperature[index] = keyboard.nextDouble();
sum = sum + temperature[index];
}
double average = sum / 7;
System.out.println("The average temperature is " +
average);
// Display each temperature and its relation to the average:
System.out.println("The temperatures are");
for (int index = 0; index < 7; index++)
{
if (temperature[index] < average)
System.out.println(temperature[index] +
" below average");
else if (temperature[index] > average)
System.out.println(temperature[index] +
" above average");
else //temperature[index] == average
System.out.println(temperature[index] +
" the average");
}
System.out.println("Have a nice week.");
}
}

Sample Screen Output
Enter 7 temperatures:
32
30
25.7
26
34
31.5
29
The average temperature is 29.7428
The temperatures are
32.0 above average
30.0 above average
25.7 below average
26.0 below average
34.0 above average
31.5 above average
29.0 below average
Have a nice week.
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Array Details
You create an array in the same way that you would create an object of a class
type using the operation new  CVU UIF OPUBUJPO JT TMJHIUMZ EJGGFSFOU 8IFO
creating an array of elements of type Base_Type UIFTZOUBYJTBTGPMMPXT
Base_Type[] Array_Name = new Base_Type[Length];

'PSFYBNQMF UIFGPMMPXJOHDSFBUFTBOBSSBZOBNFEpressureUIBUJTFRVJWBMFOU
UPWBSJBCMFTPGUZQFint:
int[] pressure = new int[100];

"MUFSOBUJWFMZ UIFQSFDFEJOHDBOCFCSPLFOEPXOJOUPUXPTUFQT
int[] pressure;
pressure = new int[100];

The first step declares as an
array of integers. The second
ASIDE Alternative Syntax for Declaring
step allocates enough memory
an Array
GPSUIFBSSBZUPIPMEVQUP
Although we do not encourage its use, there
integers.
is an alternative syntax for array declarations
The type for the array
that you may encounter. You can write the
square brackets after the variable instead
elements is called the base
of after the base type, as in the following
type of the array. In this
example:
FYBNQMF UIFCBTFUZQFJT int.
The number of elements in
char alphabet[];
an array is called the length,
size, or capacity of the array.
4P UIJT TBNQMF BSSBZ pressure IBT MFOHUI   XIJDI NFBOT JU IBT JOEFYFE
variables pressure[0]through pressure[99]. Note that because the indices
TUBSU BU   BO BSSBZ PG MFOHUI   TVDI BT pressure  XJMM IBWF no JOEFYFE
variable pressure[100].
5IF CBTF UZQF PG BO BSSBZ DBO CF BOZ EBUB UZQF *O QBSUJDVMBS  JU DBO CF
a class type. The following statement creates an array named entry whose
elements are SpeciesPCKFDUT XIFSFSpecies is a class:
Species[] entry = new Species[3];

This array is a collection of the three variables entry[0]  entry[1]  BOE
entry[2] BMMPGUZQFSpecies.

RECAP Declaring and Creating an Array
You declare and create an array in almost the same way that you declare
and create objects of classes. There is only a slight difference in the
syntax.
(continued)

The number of
elements in an
array is its length

The type of the
array elements is
the array’s base
type
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SYNTAX
Base_Type[] Array_Name

= new Base_Type[Length];

EXAMPLES
char[] symbol = new char[80];
double[] reading = new double[100];
Species[] specimen = new Species[80]; //Species is a class

REMEMBER How to Use Square Brackets with Arrays
There are three different ways to use square brackets [] with an array
name. They can be used
t 8JUIBEBUBUZQFXIFOEFDMBSJOHBOBSSBZ'PSFYBNQMF
int[] pressure;

declares—but does not allocate memory for—pressure as an array of inteHFST
t 5PFODMPTFBOJOUFHFSFYQSFTTJPOXIFODSFBUJOHBOFXBSSBZ'PSFYBNQMF
pressure = new int[100];

allocates memory for the array pressurePGJOUFHFST
t 5POBNFBOJOEFYFEWBSJBCMFPGUIFBSSBZ'PSFYBNQMF pressure[3] in the
following two lines is an indexed variable:
pressure[3] = keyboard.nextInt();
System.out.println("You entered" + pressure[3]);

"TXFNFOUJPOFEQSFWJPVTMZ UIFWBMVFJOTJEFUIFTRVBSFCSBDLFUTDBOCF
BOZ FYQSFTTJPO UIBU FWBMVBUFT UP BO JOUFHFS 8IFO DSFBUJOH BO BSSBZ  JOTUFBE
PGVTJOHBOJOUFHFSMJUFSBM ZPVDBOBOETIPVMEVTFBOBNFEDPOTUBOU'PS
FYBNQMF ZPVTIPVMEVTFBDPOTUBOUTVDIBT NUMBER_OF_READINGS instead of
XIFOZPVDSFBUFUIFBSSBZpressure:
Use a named
constant when
defining an array

public static final int NUMBER_OF_READINGS = 100;
int[] pressure = new int[NUMBER_OF_READINGS];

+BWB BMMPDBUFT NFNPSZ GPS BO BSSBZ  BT XFMM BT GPS BOZ PUIFS PCKFDU  BU
FYFDVUJPO UJNF 4P JG ZPV EP OPU LOPX IPX MBSHF UP NBLF BO BSSBZ XIFO
ZPVXSJUFBQSPHSBN ZPVDBOSFBEUIFBSSBZTMFOHUIGSPNUIFLFZCPBSE BT
follows:

7.1 Array Basics
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FIGURE 7.2 Array Terminology
Array name
temperature[n + 2]

Index (also called a subscript)
Indexed variable (also
called an array element, an
element, or a subscripted
variable)

temperature[n + 2]

temperature[n + 2]

Value of the indexed
variable (also called an
element of the array)

temperature[n + 2] = 32;

System.out.println("How many temperatures do you have?");
int size = keyboard.nextInt();
double[] temperature = new double[size];

:PVDBOBMTPVTFBOZFYQSFTTJPOUIBUFWBMVBUFTUPBOBQQSPQSJBUFJOUFHFS
XIFOOBNJOHBOJOEFYFEWBSJBCMFPGBOBSSBZ BTJOUIFGPMMPXJOHFYBNQMFT
int point = 2;
temperature[point + 3] = 32;
System.out.println("Temperature is " + temperature[point + 3]);

Note that temperature[point + 3]JOUIFQSFDFEJOHDPEFJTUIFTBNFJOEFYFE
variable as temperature[5] CFDBVTFpoint + 3FWBMVBUFTUP
'JHVSFJMMVTUSBUFTTPNFPGUIFNPTUDPNNPOUFSNTVTFEXIFOSFGFSSJOH
to arrays. Notice that the word element has two meanings. It can be used to
SFGFSUPBOJOEFYFEWBSJBCMFBTXFMMBTUPUIFWBMVFPGBOJOEFYFEWBSJBCMF

■ PROGRAMMING TIP

In General, Use Singular Names for
Arrays

*GZPVXBOUBOBSSBZUPIPMEFOUSJFT FBDIPGXIJDIJTBOPCKFDUPGBDMBTTDBMMFE
Species ZPVNJHIUCFUFNQUFEUPVTFTPNFUIJOHMJLFUIFGPMMPXJOH
Species[] entries = new Species[20]; //Valid but not nice.

6TJOHBQMVSBM MJLFentries TFFNTUPNBLFTFOTF TJODFUIFBSSBZIPMETNPSF
UIBOPOFFMFNFOU)PXFWFS QSPHSBNNFSTGJOEUIBUUIFJSQSPHSBNTPGUFOSFBE
CFUUFSJGUIFZVTFBTJOHVMBSGPSNGPSBOBSSBZOBNF MJLFUIFGPMMPXJOH
Species[] entry = new Species[20]; //Nicer.

Reading an array
length
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5IF SFBTPO UIBU UIF TJOHVMBS GPSN XPSLT CFUUFS IFSF JT UIBU  XIFO UIF BSSBZ
OBNF JT VTFE JO TPNF TPSU PG DPNQVUBUJPO  UIF OBNF SFGFST UP POMZ POF
FMFNFOU 5IF FYQSFTTJPO entry[2] JT B TJOHMF FMFNFOU PG UIF BSSBZ  BT JO B
statement such as
System.out.println("The entry is " + entry[2]);

5IFVTFPGTJOHVMBSOBNFTGPSBSSBZTJTOPUBOBCTPMVUFSVMF4PNFUJNFT
JU NBLFT TFOTF UP VTF QMVSBM OBNFT 'PS FYBNQMF  JG BO JOEFYFE WBSJBCMF
contains the number of hours worked by employee number n  UIF QMVSBM
form hours[n] makes sense. The only sure test of whether to use a singular or
QMVSBMOBNFJTUPDPOTJEFSIPXBOJOEFYFEWBSJBCMFXPVMESFBEJOUIFDPOUFYU
of your Java code.
■

The Instance Variable length
"O BSSBZ JT B LJOE PG PCKFDU  BOE MJLF PUIFS PCKFDUT  JU NJHIU IBWF JOTUBODF
WBSJBCMFT "T JU UVSOT PVU  BO BSSBZ IBT POMZ POF QVCMJD JOTUBODF WBSJBCMF 
namely the variable length  XIJDI JT FRVBM UP UIF MFOHUI PG UIF BSSBZ 'PS
FYBNQMF JGZPVDSFBUFBOBSSBZCZXSJUJOH
The array e has a
length of e.length

Species[] entry = new Species[20];
entry.length IBT B WBMVF PG  #Z VTJOH UIF JOTUBODF WBSJBCMF length
instead of a literal like 20  ZPV DBO NBLF ZPVS QSPHSBN DMFBSFS BOE NPSF
general. A name like entry.length means more to a reader of your program

UIBOBOVNCFSXIPTFNFBOJOHNBZOPUBMXBZTCFPCWJPVT*OBEEJUJPO JG
ZPVMBUFSEFDJEFUPDIBOHFUIFTJ[FPGUIFBSSBZ ZPVIBWFOPOFFEUPDIBOHF
occurrences of entry.length. Note that lengthJTGJOBM TPJUTWBMVFDBOOPU
be changed.

GOTCHA

Assigning a Value to the Instance Variable length

Your program cannot assign a value to the instance variable length  BT JU JT
BGJOBMWBSJBCMF'PSFYBNQMF UIFGPMMPXJOHBUUFNQUUPDIBOHFUIFTJ[FPGBO
array is invalid:
entry.length = 10; //Illegal!

■

*O -JTUJOH  XF IBWF SFXSJUUFO UIF QSPHSBN JO -JTUJOH  VTJOH
the instance variable length. We have also read the size of the array
temperature from the user into the variable size *O UIJT FYBNQMF  XF
could use size instead of temperature.length )PXFWFS  TJODF size is
OPUGJOBM JUTWBMVFDBODIBOHFBOETPNJHIUOPUBMXBZTFRVBMUIFWBMVFPG
temperature.length.

7.1 Array Basics

LISTING 7.2 An Array of Temperatures—Revised (part 1 of 2)
/**
Reads temperatures from the user and shows which are above
and which are below the average of all the temperatures.
*/
import java.util.Scanner;
public class ArrayOfTemperatures2
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
System.out.println("How many temperatures do you have?");
int size = keyboard.nextInt( );
double[] temperature = new double[size];
// Read temperatures and compute their average:
System.out.println("Enter " + temperature.length +
" temperatures:");
double sum = 0;
for (int index = 0; index < temperature.length; index++)
{
temperature[index] = keyboard.nextDouble();
sum = sum + temperature[index];
}
double average = sum / temperature.length;
System.out.println("The average temperature is " +
average);
// Display each temperature and its relation to the
// average:
System.out.println("The temperatures are");
for (int index = 0; index < temperature.length; index++)
{
if (temperature[index] < average)
System.out.println(temperature[index] +
" below average");
else if (temperature[index] > average)
System.out.println(temperature[index] +
" above average");
else //temperature[index] == average
System.out.println(temperature[index] +
" the average");
}
System.out.println("Have a nice week.");
}
}

(continued)
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LISTING 7.2 An Array of Temperatures—Revised (part 2 of 2)
Sample Screen Output
How many temperatures do you have?
3
Enter 3 temperatures:
32
26.5
27
The average temperature is 28.5
The temperatures are
32.0 above average
26.5 below average
27.0 below average
Have a nice week.

■ PROGRAMMING TIP

Use a for Loop to Step Through
an Array

The for statement is the perfect mechanism for stepping through the elements
PGBOBSSBZ'PSFYBNQMF UIFGPMMPXJOH forMPPQGSPN-JTUJOHJMMVTUSBUFT
one way to step through an array:
for (int index = 0; index <temperature.length; index++)
{
temperature[index] = keyboard.nextDouble();
sum = sum + temperature[index];
}

Another way to step through an entire array—after its elements have been
HJWFO WBMVFTVTFT UIF GPSFBDI TUBUFNFOU UIBU XF JOUSPEVDFE JO $IBQUFS 
'PSFYBNQMF UIFMBTUMPPQJO-JTUJOHUIBUEJTQMBZTUIFWBMVFTJOUIFBSSBZ
temperature can be revised as follows:
for (int value : temperature)
{
if (value < average)
System.out.println(value + " below average.");
else if (value > average)
System.out.println(value + " above average.");
else //value == average
System.out.println(value + " the average.");
}

■

7.1 Array Basics
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More About Array Indices
:PVLOPXUIBUUIFJOEFYPGUIFGJSTUFMFNFOUJOBOZ+BWBBSSBZJT5IFMBTU
WBMJEJOEFYPGBOBSSBZXIPTFMFOHUIJTn is n¦*OQBSUJDVMBS UIFMBTUWBMJE
JOEFYPGUIFBSSBZtemperature is temperature.length - 1.
An easy mistake to make when programming with arrays is to use an
JOEFYFE FYQSFTTJPO UIBU FWBMVBUFT UP BO JOWBMJE BSSBZ JOEFY 'PS FYBNQMF 
consider the following array declaration:
double[] entry = new double[5];

&WFSZJOEFYWBMVFGPSUIFBSSBZ entryNVTUCFPOFPGUIFGJWFJOUFHFST    
PS'PSFYBNQMF JGZPVSQSPHSBNDPOUBJOTUIFJOEFYFEWBSJBCMFentry[n + 2] 
UIFWBMVFPGUIFJOEFY n + 2NVTUCFPOFPGUIFTFGJWFJOUFHFST*GBOJOEFY
FYQSFTTJPOFWBMVBUFTUPTPNFJOUFHFSPUIFSUIBOUISPVHIPOFMFTTUIBOUIF
MFOHUIPGUIFBSSBZ UIFJOEFYJTTBJEUPCFout of bounds or invalid. If your Beware of invalid
DPEFVTFTBOJOEFYFYQSFTTJPOUIBUJTPVUPGCPVOET ZPVSDPEFXJMMDPNQJMF indices
XJUIPVUBOZFSSPSNFTTBHF CVUZPVXJMMHFUPOFXIFOZPVSVOZPVSQSPHSBN

REMEMBER Array Indices Must Be Within Bounds to Be Valid
Since the index of the first element in a Java array is always 0, the last
index number is not the length of the array, but is one less than the
length of the array. Be sure that your indices stay within this range.

One common way that array indices go out of bounds is when an arrayQSPDFTTJOHMPPQJTJUFSBUFEPOFUPPNBOZUJNFT'PSFYBNQMF MFUTDPOTJEFSB
MPPQUIBUGJMMTBOBSSBZ4VQQPTFXFXBOUUPSFBEBTFRVFODFPGOPOOFHBUJWF
OVNCFSTGSPNUIFLFZCPBSE VTJOHBOFHBUJWFOVNCFSBTBTFOUJOFMWBMVFBU
the end of the data. We might use the following code:
System.out.println("Enter a list of nonnegative integers.");
System.out.println("Place a negative integer at the end.");
int[] list = new int[10];
Scanner keyboard = new Scanner(System.in);
int number = keyboard.nextInt();
int i = 0;
while (number >= 0)
{
list[i] = number;
i++;
number = keyboard.nextInt();
}

*GUIFVTFSFOUFSTNPSFOVNCFSTUIBODBOGJUJOUIFBSSBZ UIJTDPEFQSPEVDFT
BOBSSBZJOEFYUIBUJTPVUPGCPVOET
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A better version of the preceding while loop is the following:
while ( (i <list.length) && (number >= 0) )
{
list[i] = number;
i++;
number = keyboard.nextInt();
}
if (number >= 0)
{
System.out.println("Could not read in all the numbers.");
System.out.println("Only able to read" + list.length +
" numbers.");
}

This whileMPPQXJMMFOEJGUIFBSSBZCFDPNFTGVMM CFDBVTFXFFOTVSFUIBUUIF
JOEFYi is less than list.length.

GOTCHA

Array Index Out of Bounds

"O BSSBZ JOEFY UIBU JT MFTT UIBO  PS HSFBUFS UIBO PS FRVBM UP UIF TJ[F PG UIF
BSSBZXJMMDBVTFBOFSSPSNFTTBHFEVSJOHQSPHSBNFYFDVUJPO
■
4VQQPTFUIBUZPVXBOUUPOVNCFSUIFEBUBTUPSFEJOBOBSSBZTUBSUJOHXJUI
1FSIBQT ZPVS DPNQBOZT FNQMPZFFT BSF OVNCFSFE TUBSUJOH XJUI  #VU +BWB
BMXBZTCFHJOTBOBSSBZBUJOEFY0OFXBZUPIBOEMFUIJTTJUVBUJPOJTUPIBWF
ZPVSDPEFSFDPODJMFUIFBSSBZJOEJDFTXJUIUIFFYJTUJOHOVNCFSJOHTDIFNF'PS
FYBNQMF ZPVNJHIUVTFDPEFTVDIBTUIFGPMMPXJOHJOBQBZSPMMQSPHSBN

Adjusting code
to deal with 0
indices

public static final int NUMBER_OF_EMPLOYEES = 100;
. . .
int[] hours = new int[NUMBER_OF_EMPLOYEES];
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter hours worked for each employee:");
for (int index = 0; index < hours.length; index++);
{
System.out.println("Enter hours for employee " +
(index + 1));
hours[index] = keyboard.nextInt();
}

8JUIUIJTDPEF UIFFNQMPZFFTBSFOVNCFSFEUISPVHI CVUUIFJSIPVST
worked are stored in elements hours[0] through hours[99].
4JUVBUJPOT MJLF UIJT POF NJHIU DPOGVTF ZPV  IPXFWFS  MFBEJOH UP NJTUBLFT
JO ZPVS QSPHSBN 0WFSBMM  UIF DPEF XJMM CF FBTJFS UP VOEFSTUBOE JG UIF UXP
numbering schemes match. You can achieve this by rewriting the previous code
UPJODSFBTFUIFTJ[FPGUIFBSSBZCZBOEJHOPSFUIFFMFNFOUBUJOEFY BTGPMMPXT

7.1 Array Basics
int[] hours = new int[NUMBER_OF_EMPLOYEES + 1];
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter hours worked for each employee:");
for (int index = 1; index <hours.length; index++);
{
System.out.println("Enter hours for employee" + index);
hours[index] = keyboard.nextInt();
}

8JUIUIJTSFWJTFEDPEF UIFFNQMPZFFTBSFTUJMMOVNCFSFEUISPVHI CVU
their hours worked are stored in the elements hours[1] through hours[100].
We do not use hours[0] BOETJODFUIFTJ[FPGUIFBSSBZJTJOTUFBEPG 
hours[100] is valid.
Note that the last valid value of index is hours.length − 1 BTJUXBTJO
PVSGJSTUWFSTJPOPGUIJTDPEF)PXFWFS  hours.length here is one larger than
it was earlier. Replacing
index < hours.length

in the for statement with
index <= NUMBER_OF_EMPLOYEES

JT MJLFMZ UP CF DMFBSFS UP NPTU QFPQMF )PXFWFS  JG PUIFS QSPHSBNNFST BSF
HPJOHUPCFMPPLJOHBUZPVSDPEF UIFZNBZCFFYQFDUJOHBWBMVFUPCFTUPSFE
BUJOEFY5IFCPUUPNMJOFJTUIBUBMMQSPHSBNNFSTDPMMBCPSBUJOHPOBQSPKFDU
should use the same coding practices or confusion and errors may result.

■ PROGRAMMING TIP

Don’t Be Afraid to Waste an Element
in an Array

*O PVS QSFWJPVT FYBNQMF  XF OFWFS VTF hours[0] :FT  XF iXBTUFEw BO BSSBZ
FMFNFOU  CVU XF BMTP NBEF PVS DPEF FBTJFS UP XSJUF BOE UP VOEFSTUBOE "T B
SFTVMU XFMJLFMZXJMMNBLFGFXFSNJTUBLFT)PXFWFS PUIFSQSPHSBNNFSTXIP
may be working with your code should be aware of your coding practice. In
+BWB UIFBNPVOUPGNFNPSZXFXBTUFEJTOPUTJHOJGJDBOU&WFOJGXFDSFBUFBO
BSSBZPGMBSHFPCKFDUT +BWBTUPSFTPOMZUIFBEESFTTFTPGUIFPCKFDUTJOUIFBSSBZ
5IJTNJHIUOPUCFUIFDBTFGPSPUIFSQSPHSBNNJOHMBOHVBHFT'PSFYBNQMF $ 
XPVMETUPSFUIFPCKFDUJUTFMG OPUJUTBEESFTT JOUIFBSSBZ8BTUJOHBMPDBUJPOJOB
$ BSSBZNJHIUCFNPSFTJHOJGJDBOUUIBOEPJOHTPJOB+BWBQSPHSBN
■

■ PROGRAMMING TIP

Get Used to Index Values That Are 0

5IFJOEFYPGUIFGJSTUFMFNFOUJOBOBSSBZJT+BWBQSPHSBNNFSTLOPXUIJT6OMFTT
your application gives you a good reason to adjust your code so that you can ignore
UIJT JOEFY  EPOU 5IF QSFWJPVT FYBNQMF TIPXFE BO BEKVTUNFOU UIBU BMJHOT UXP
OVNCFSJOH TZTUFNT  SFEVDJOH DPOGVTJPO BOE NBLJOH FSSPST MFTT MJLFMZ )PXFWFS 
BEKVTUJOHZPVSDPEFUPBWPJEVTJOHBJOEFYTIPVMEnot be a routine practice.
■
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Ignoring the
element at index 0
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Initializing Arrays
"O BSSBZ DBO CF JOJUJBMJ[FE BU UIF UJNF UIBU JU JT EFDMBSFE 5P EP UIJT  ZPV
FODMPTF UIF WBMVFT GPS UIF JOEJWJEVBM JOEFYFE WBSJBCMFT JO CSBDFT BOE QMBDF
UIFNBGUFSUIFBTTJHONFOUPQFSBUPS BTJOUIFGPMMPXJOHFYBNQMF
double[] reading = {3.3, 15.8, 9.7};

5IFTJ[FPGUIFBSSBZUIBUJT JUTMFOHUIJTTFUUPUIFNJOJNVNUIBUXJMMIPME
UIFHJWFOWBMVFT4PUIJTJOJUJBMJ[JOHEFDMBSBUJPOJTFRVJWBMFOUUPUIFGPMMPXJOH
statements:
double[] reading = new double[3];
reading[0] = 3.3;
reading[1] = 15.8;
reading[2] = 9.7;

Explicit
initialization is
safer than default
initialization

*GZPVEPOPUJOJUJBMJ[FUIFFMFNFOUTPGBOBSSBZ UIFZNJHIUBVUPNBUJDBMMZ
CFJOJUJBMJ[FEUPBEFGBVMUWBMVFGPSUIFCBTFUZQF'PSFYBNQMF JGZPVEPOPU
JOJUJBMJ[FBOBSSBZPGJOUFHFST FBDIFMFNFOUPGUIFBSSBZXJMMCFJOJUJBMJ[FEUP
)PXFWFS JUJTVTVBMMZDMFBSFSUPEPZPVSPXOFYQMJDJUJOJUJBMJ[BUJPO:PVDBO
JOJUJBMJ[FBOBSSBZFJUIFSCZVTJOHUIFCSBDFT BTXFKVTUEFTDSJCFE CZSFBEJOH
WBMVFT EJSFDUMZ JOUP BSSBZ FMFNFOUT  PS CZ BTTJHOJOH WBMVFT  BT XF EP JO UIF
following for loop:
int[] count = new int[100];
for (int i = 0; i < 100; i++)
count[i] = 0;

S E L F -TE S T QU ESTI ONS
  8IBUPVUQVUXJMMCFQSPEVDFECZUIFGPMMPXJOHDPEF
int[] anArray = new int[10];
for (int i = 0; i <anArray.length; i++)
anArray[i] = 2 * i;
for (int element : anArray)
System.out.print(element + " ");
System.out.println();

  8IBUPVUQVUXJMMCFQSPEVDFECZUIFGPMMPXJOHDPEF
char[] vowel = {'a', 'e', 'i', 'o', 'u'};
for (int index = 0; index <vowel.length; index++)
System.out.println(vowel[index]);
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  8IBUPVUQVUXJMMCFQSPEVDFECZUIFGPMMPXJOHDPEF
double tide[] = {12.2, −7.3, 14.2, 11.3};
System.out.println("Tide 1 is " + tide[1]);
System.out.println("Tide 2 is " + tide[2]);

  $POTJEFSUIFGPMMPXJOHBSSBZ
int[] a = new int[10];

8IBUJTUIFMBTUJOEFYPGa 8IBUJTUIFWBMVFPGa.length
  8IBUJTXSPOHXJUIUIFGPMMPXJOHDPEFUPJOJUJBMJ[FBOBSSBZb
int[] b = new int[10];
for (int i = 1; i <= b.length; i++)
b[i] = 5 * i;

  8SJUFBDPNQMFUF+BWBQSPHSBNUIBUSFBETWBMVFTPGUZQFdouble from the
LFZCPBSEJOUPBOBSSBZ%JTQMBZUIFMBTU UI OVNCFSSFBE5IFOEJTQMBZ
UIFOVNCFSTJOUIFBSSBZBOEIPXNVDIFBDIOVNCFSEJGGFSTGSPNUIFUI
OVNCFS SFBE 'PS FYBNQMF  JG UIF MBTU WBMVF UZQFE CZ UIF VTFS JT   UIF
EJGGFSFODFCFUXFFOUIFBSSBZFMFNFOUBOEJT¦*GBOBSSBZFMFNFOU
JT UIFEJGGFSFODFJT"TTVNFUIBUUIFVTFSFOUFSTOVNCFST POFQFS
MJOF BUUIFLFZCPBSE:PVOFFEOPUHJWFFMBCPSBUFJOTUSVDUJPOTUPUIFVTFS

7.2 ARRAYS IN CLASSES AND METHODS
A little more than kin, and less than kind.
—WILLIAM SHAKESPEARE, HAMLET

Arrays can be used as instance variables in classes. Methods can have an
JOEFYFEWBSJBCMFPSBOFOUJSFBSSBZBTBOBSHVNFOUBOEDBOSFUVSOBOBSSBZ*O
TIPSU BSSBZTDBOCFVTFEXJUIDMBTTFTBOENFUIPETKVTUBTPUIFSPCKFDUTDBO
We begin with a case study that uses an array as an instance variable in a class.

CASE STUDY Sales Report
*O UIJT DBTF TUVEZ  XF XJMM XSJUF B QSPHSBN UP HFOFSBUF TBMFT SFQPSUT GPS B
company’s team of sales associates. The company wants to easily see which The task’s
specification
associate or associates have the highest sales and to know how the sales of
each associate compare to the average.
4JODFXFOFFEUPSFDPSEBOBNFBOEUIFTBMFTGJHVSFTGPSFBDIBTTPDJBUF XF
can design a class for a single sales associate that holds these two data items.
Our class can perform input and output and have a reasonable complement
of accessor and mutator methods. This class definition is rather routine and is
TIPXOJO-JTUJOH
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LISTING 7.3 Sales Associate Class
import java.util.Scanner;
/**
Class for sales associate records.
*/
public class SalesAssociate
{
private String name;
private double sales;
public SalesAssociate()
{
name = "No record";
sales = 0;
}
public SalesAssociate(String initialName, double initialSales)
{
set(initialName, initialSales);
}
public void set(String newName, double newSales)
{
name = newName;
sales = newSales;
}
public void readInput()
{
System.out.print("Enter name of sales associate: ");
Scanner keyboard = new Scanner(System.in);
name = keyboard.nextLine();
System.out.print("Enter associate's sales: $");
sales = keyboard.nextDouble();
}
public void writeOutput()
{
System.out.println("Name: " + name);
System.out.println("Sales: $" + sales);
}
public String getName()
{
return name;
}
public double getSales()
{
return sales;
}
}

7.2 Arrays in Classes and Methods
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Our program will need an array to keep track of the data for all sales
associates. It will also need to record the highest sales and the average sales.
5IFSFGPSF XFXJMMOFFEUPEFTJHOBOPUIFSDMBTT8FDBOHJWFPVSOFXDMBTTUIF
following instance variables to record the desired data:
private double highestSales;
private double averageSales;
private SalesAssociate[] team;

The instance
variables

We need to know the number of associates. This number will be the
same as team.length  CVU IBWJOH B TFQBSBUF XFMMOBNFE WBSJBCMF GPS
UIF OVNCFS PG BTTPDJBUFT JT B HPPE JEFB 4P MFUT JODMVEF UIF GPMMPXJOH
instance variable:
private int numberOfAssociates; //Same as team.length

The job of our program breaks down into these main subtasks:
1. Get ready.
2. Obtain the data.
  $PNQVUFTPNFTUBUJTUJDT VQEBUFUIFJOTUBODFWBSJBCMFT 
  %JTQMBZUIFSFTVMUT
8FTIPVMEOBNFPVSOFXDMBTTBOEJUTNFUIPET5PPSHBOJ[FPVSUIPVHIUT XF
DBOESBXUIFDMBTTEJBHSBNTIPXOJO'JHVSF 5IVT XFLOPXUIBUPVSDMBTT
will look like this:
public class SalesReporter
{
private double highestSales;
private double averageSales;
private SalesAssociate[] team;
private int numberOfAssociates; //Same as team.length
public static void main(String[ ] args)
{
SalesReporter clerk = new SalesReporter();
clerk.getData();
clerk.computeStats();
clerk.displayResults();
}
<More stuff needs to be added here.>
}

"MMUIBUSFNBJOTJTUPXSJUFUIFUISFFNFUIPET getData, computeStats, and
displayResults and to test and debug the program. We will tackle the three
methods in order.

The program’s
subtasks
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FIGURE 7.3 Class Diagram for the Class Sales Reporter
SalesReporter
-

highestSales: double
averageSales: double
team: SalesAssociate[]
numberOfAssociates: int

+ getData(): void
+ computeStats(): void
+ displayResults(): void

The loop in
getData

The input method getData JT SFMBUJWFMZ TUSBJHIUGPSXBSE  FTQFDJBMMZ
since we have an input method for objects of the class SalesAssociate.
"GUFS XF SFBE UIF OVNCFS PG BTTPDJBUFT  XF DBO XSJUF UIF GPMMPXJOH CBTJD
input loop:
for (int i = 1; i <= numberOfAssociates; i++)
{
System.out.println("Enter data for associate number" + i);
team[i].readInput();
}

Associate i is in
team[i]

"MUIPVHI UIF BSSBZ JOEJDFT CFHJO BU   BOE UIF BTTPDJBUFT BSF OVNCFSFE
TUBSUJOHXJUI XFIBWFVTFE team[i] for associate i5IBUJT XFEFDJEFEUP
ignore team[0]5IVT XFOFFEUPBMMPDBUFBOFYUSBMPDBUJPOJOUIFBSSBZ BT
follows:
team = new SalesAssociate[numberOfAssociates + 1];

4JODFXFSFBE numberOfAssociates in getData XFXJMMQMBDFUIJTTUBUFNFOU
in that method as well.
#VUBOPUIFSQSPCMFNSFNBJOT8IFOXFUFTUUIFQSFWJPVTMPPQ XFXJMMHFU
BOFSSPSNFTTBHFTBZJOHTPNFUIJOHBCPVUBiOVMMQPJOUFSw5IJTQSPCMFNBSJTFT
because the base type of the array team JT B DMBTT UZQF 5P TFF UIF QSPCMFN 
DPOTJEFSBOPUIFSTJUVBUJPOGJSTU4VQQPTFXFIBEUIFGPMMPXJOHDPEF
SalesAssociate s;
s.readInput();

5IJTDPEFXPVMEQSPEVDFUIFTBNFFSSPSNFTTBHFSFHBSEJOHBiOVMMQPJOUFSw
The problem is that the variable s is just a name; it does not yet reference any

7.2 Arrays in Classes and Methods

object of the class SalesAssociate. The preceding code omitted the usual use
of new. The code should be
SalesAssociate s = new SalesAssociate();
s.readInput();

5IFJOEFYFEWBSJBCMF team[i]JTBMTPBWBSJBCMFPGBDMBTTUZQF BOETPJU
is also just a name. You need to assign a SalesAssociate object to team[i]
CFGPSFFYFDVUJOH
team[i].readInput();

5IVT XFOFFEUPBEEUIFGPMMPXJOHTUBUFNFOUUPPVSMPPQ
team[i] = new SalesAssociate();

The complete definition of the method getData with this line inserted is
TIPXOJO-JTUJOH
LISTING 7.4

A Sales Report Program (part 1 of 3)

import java.util.Scanner;
/**
Program to generate sales report.
*/
public class SalesReporter
{
private double highestSales;
private double averageSales;
private SalesAssociate[] team;

The main method is at
the end of the class.

//The array object is
//created in getData.
private int numberOfAssociates; //Same as team.length
/**
Reads the number of sales associates and data for each one.
*/
public void getData()
{
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter number of sales associates:");
numberOfAssociates = keyboard.nextInt();
team = new SalesAssociate[numberOfAssociates + 1];

}

for (int i = 1; i <= numberOfAssociates; i++)
Array object
{
created here.
team[i] = new SalesAssociate();
System.out.println("Enter data for associate " + i);
team[i].readInput();
System.out.println();
SalesAssociate
}
objects created here.

(continued)
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LISTING 7.4 A Sales Report Program (part 2 of 3)
/**
Computes the average and highest sales figures.
Precondition: There is at least one salesAssociate.
*/
public void computeStats()
{
double nextSales = team[1].getSales();
highestSales = nextSales;
double sum = nextSales;
for (int i = 2; i <= numberOfAssociates; i++)
{
Already processed
nextSales = team[i].getSales();
team[1], so the loop
sum = sum + nextSales;
starts with team[2].
if (nextSales > highestSales)
highestSales = nextSales; //highest sales so far.
}
averageSales = sum / numberOfAssociates;
}
/**
Displays sales report on the screen.
*/
public void displayResults()
{
System.out.println("Average sales per associate is $" +
averageSales);
System.out.println("The highest sales figure is $" +
highestSales);
System.out.println();
System.out.println("The following had the highest sales:");
for (int i = 1; i <= numberOfAssociates; i++)
{
double nextSales = team[i].getSales();
if (nextSales == highestSales)
{
team[i].writeOutput();
System.out.println("$" + (nextSales - averageSales)
+ " above the average.");
System.out.println();
}
}
System.out.println("The rest performed as follows:");
for (int i = 1; i <= numberOfAssociates; i++)
{
double nextSales = team[i].getSales();
if (team[i].getSales() != highestSales)
{

(continued)
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LISTING 7.4 A Sales Report Program (part 3 of 3)
team[i].writeOutput();
if (nextSales >= averageSales)
System.out.println("$" + (nextSales averageSales) + " above the average.");
else
System.out.println("$" + (averageSales nextSales) + " below the average.");
System.out.println();
}
}
}
public static void main(String[] args)
{
SalesReporter clerk = new SalesReporter();
clerk.getData();
clerk.computeStats();
clerk.displayResults();
}
}

Sample Screen Output
Enter number of sales associates:
3
Enter data for associate number 1
Enter name of sales associate: Dusty Rhodes
Enter associate's sales: $36000
Enter data for associate number 2
Enter name of sales associate: Natalie Dressed
Enter associate's sales: $50000
Enter data for associate number 3
Enter name of sales associate: Sandy Hair
Enter associate's sales: $10000
Average sales per associate is $32000.0
The highest sales figure is $50000.0
The following had the highest sales:
Name: Natalie Dressed
Sales: $50000.0
$18000.0 above the average.
The rest performed as follows:
Name: Dusty Rhodes
Sales: $36000.0
$4000.0 above the average.
Name: Sandy Hair
Sales: $10000.0
$22000.0 below the average.
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/FYU XF UVSO PVS BUUFOUJPO UP UIF NFUIPE computeStats and come up
with the following code:

A draft of
the loop in
computeStats

A revised loop in
computeStats

for (int i = 1; i <= numberOfAssociates; i++)
{
sum = sum + team[i].getSales();
if (team[i].getSales() > highest)
highestSales = team[i].getSales();//highest sales
}
//so far.
average = sum / numberOfAssociates;

5IJTMPPQJTCBTJDBMMZ0, CVUUIFWBSJBCMFTsum and highest must be initialized
CFGPSFUIFMPPQCFHJOT8FDBOJOJUJBMJ[FTVNUP CVUXIBUWBMVFEPXFVTFUP
initialize highest 1FSIBQTBOFHBUJWFOVNCFS TJODFTBMFTDBOOPUCFOFHBUJWF
0SDBOUIFZ *GBDVTUPNFSSFUVSOTHPPETUIBUJTDPOTJEFSFEBOFHBUJWFTBMF TP
TBMFTDBOJOEFFECFOFHBUJWF)PXFWFS XFLOPXUIBUUIFDPNQBOZBMXBZTIBT
BUMFBTUPOFTBMFTBTTPDJBUF BOETPXFDBOJOJUJBMJ[FCPUI sum and highest to
the sales for the first associate. This takes one case outside the loop and places
JUCFGPSFUIFMPPQ BTGPMMPXT
highestSales = team[1].getSales();
double sum = team[1].getSales();
for (int i = 2; i <= numberOfAssociates; i++)
{
sum = sum + team[1].getSales();
if (team[i].getSales() > highest)
highestSales = team[i].getSales();//highest sales
//so far.
}
average = sum / numberOfAssociates;

5IFQSFDFEJOHMPPQXJMMXPSL CVUOPUJDFUIFSFQFBUFEDBMDVMBUJPO8FIBWF
three identical method invocations of team[i].getSales(). To avoid this
EVQMJDBUJPO XFDBOTUPSFUIFSFTVMUPGPOFTVDIJOWPDBUJPOJOBWBSJBCMFBTGPMMPXT

The final loop in
computeStats

VideoNote
Using arrays within a class

double nextSales = team[1].getSales();
highestSales = nextSales;
double sum = nextSales;
for (int i = 2; i <= numberOfAssociates; i++)
{
nextSales = team[i].getSales();
sum = sum + nextSales;
if (nextSales> highest)
highest = nextSales; //highest sales so far.
}
average = sum / numberOfAssociates;

The complete definition of the method computeStatsJTHJWFOJO-JTUJOH
5IFEFTJHOPGUIFMBTUNFUIPE displayResults VTFTPOMZUFDIOJRVFTUIBU
ZPVIBWFBMSFBEZTFFO BOETPXFXJMMOPUHPPWFSUIFEFUBJMT*UTEFGJOJUJPOJT
TIPXOJO-JTUJOH
■
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S E L F-TE S T QU E S TIO N S
  8SJUF TPNF +BWB DPEF UIBU XJMM EFDMBSF BO BSSBZ OBNFE entry that has
MFOHUI IBT SalesAssociate -JTUJOH BTJUTCBTFUZQF BOEJTGJMMFE
with three identical records. The records use the name "Jane Doe" and
TBMFTPG6TFBfor loop.
8. Rewrite the method displayResults of the program SalesReporter
-JTUJOH TPUIBUJUVTFTUIFNFUIPETJOUIFDMBTTDollarFormat -JTUJOH
PG$IBQUFS UPEJTQMBZUIFEPMMBSBNPVOUTJOUIFDPSSFDUGPSNBUGPS
dollars and cents.

Indexed Variables as Method Arguments
"OJOEFYFEWBSJBCMFGPSBOBSSBZ a TVDIBT a[i] DBOCFVTFEBOZXIFSFUIBU
ZPV DBO VTF BOZ PUIFS WBSJBCMF PG UIF CBTF UZQF PG UIF BSSBZ 4P BO JOEFYFE
WBSJBCMF DBO CF BO BSHVNFOU UP B NFUIPE JO FYBDUMZ UIF TBNF XBZ UIBU BOZ
other variable of the array’s base type can be an argument.
'PSFYBNQMF UIFQSPHSBNJO-JTUJOHJMMVTUSBUFTUIFVTFPGBOJOEFYFE
variable as an argument to a method. The method getAverage takes two
arguments of type int. The array nextScore has the base type int BOETPUIF
program can use nextScore[i] as an argument to the method getAverage BT
in the following line from that program:
double possibleAverage = getAverage(firstScore,nextScore[i]);

The variable firstScore is an ordinary variable of type int. To help drive
IPNFUIFQPJOUUIBUUIFJOEFYFEWBSJBCMF nextScore[i] can be used just like
any other variable of type int OPUFUIBUgetAverageXPVMECFIBWFJOFYBDUMZ
UIFTBNFXBZJGXFJOUFSDIBOHFEJUTUXPBSHVNFOUT BTGPMMPXT

An indexed
variable can be
an argument

double possibleAverage = getAverage(nextScore[i],firstScore);

The definition of the method getAverage contains no indication that its
BSHVNFOUT DBO CF JOEFYFE WBSJBCMFT GPS BO BSSBZ PG int. The method accepts
arguments of type int  BOE OFJUIFS QBSBNFUFS LOPXT OPS DBSFT XIFUIFS UIPTF
intsDBNFGSPNBOJOEFYFEWBSJBCMF BSFHVMBSintWBSJBCMF PSBDPOTUBOUWBMVF
5IFSF JT POF TVCUMFUZ UIBU BQQMJFT UP JOEFYFE WBSJBCMFT XIFO VTFE BT
NFUIPEBSHVNFOUT'PSFYBNQMF DPOTJEFSFJUIFSPGUIFQSFWJPVTNFUIPEDBMMT
If the value of iJT UIFBSHVNFOUJTnextScore[2]0OUIFPUIFSIBOE JGUIF
value of iJT UIFBSHVNFOUJTnextScore[0]5IFFYQSFTTJPOVTFEBTBOJOEFY
JTFWBMVBUFEUPEFUFSNJOFFYBDUMZXIJDIJOEFYFEWBSJBCMFJTUIFBSHVNFOU
#FTVSFUPOPUFUIBUBOJOEFYFEWBSJBCMFPGBOBSSBZ a TVDIBT a[i] JTB
variable of the base type of the array. When a[i] is used as an argument to a
NFUIPE JUJTIBOEMFEJOFYBDUMZUIFTBNFXBZBTBOZPUIFSWBSJBCMFPGUIFCBTF
type of the array a*OQBSUJDVMBS JGUIFCBTFUZQFPGUIFBSSBZJTBQSJNJUJWFUZQF 

The value of the
index affects
the value of the
argument
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LISTING 7.5 Indexed Variables as Arguments
import java.util.Scanner;
/**
A demonstration of using indexed variables as arguments.
*/
public class ArgumentDemo
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter your score on exam 1:");
int firstScore = keyboard.nextInt();
int[] nextScore = new int[3];
for (int i = 0; i < nextScore.length; i++)
nextScore[i] = firstScore + 5 * i;
for (int i = 0; i < nextScore.length; i++)
{
double possibleAverage =
getAverage(firstScore, nextScore[i]);
System.out.println("If your score on exam 2 is " +
nextScore[i]);
System.out.println("your average will be " +
possibleAverage);
}
}
public static double getAverage(int n1, int n2)
{
return (n1 + n2) / 2.0;
}
}

Sample Screen Output
Enter your score on exam 1:
80
If your score on exam 2 is 80
your average will be 80.0
If your score on exam 2 is 85
your average will be 82.5
If your score on exam 2 is 90
your average will be 85.0

7.2 Arrays in Classes and Methods

such as int  double  PS char  UIF NFUIPE DBOOPU DIBOHF UIF WBMVF PG a[i].
0O UIF PUIFS IBOE  JG UIF CBTF UZQF PG UIF BSSBZ JT B DMBTT UZQF  UIF NFUIPE
can change the state of the object named by a[i]. This is nothing new. Just
SFNFNCFSUIBUBOJOEFYFEWBSJBCMF TVDIBTa[i] JTBWBSJBCMFPGUIFCBTFUZQF
of the array and is handled just like any other variable of that data type.

RECAP Indexed Variables as Arguments
An indexed variable can be used as an argument anywhere that a
variable of the array’s base type can be used. For example, suppose you
have
double[] a = new double[10];

Indexed variables such as a[3] and a[index] can then be used as
arguments to any method that accepts a value as an argument.

FAQ When can a method change an argument that is an
indexed variable?
Suppose a[i] is an indexed variable of the array a and a[i] is used as an
argument in a method invocation such as
doStuff(a[i]);

Whether the method doStuff can change the array element a[i]
depends on the base type of the array a. If the base type of the array a
is a primitive type, such as int, double or char, the method doStuff
receives the value of a[i], and so cannot change a[i] itself, However,
if the base type of the array a is a class, the method dostuff receives a
reference to a[i]. Thus, the method can change the state of the object
named by a[i], but cannot replace the object with another one. (To
review the details on method arguments, see Chapter 5.)

Entire Arrays as Arguments to a Method
:PVIBWFBMSFBEZTFFOUIBUBOJOEFYFEWBSJBCMFPGBOBSSBZDBOCFVTFEBTBO
argument to a method. An entire array can also be used as an argument to a
method. The way you specify an array parameter in a method definition is
TJNJMBSUPUIFXBZZPVEFDMBSFBOBSSBZ'PSFYBNQMF UIFGPMMPXJOHNFUIPE
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incrementArrayBy2 will accept as its one argument any array whose base type

is double:

A parameter can
represent an
entire array

public class SampleClass
{
public static void incrementArrayBy2(double[] anArray)
{
for (int i = 0; i <anArray.length; i++)
anArray[i] = anArray[i] + 2;
}
<The rest of the class definition goes here.>
}

ASIDE Alternative Syntax for Array
Parameters
There is an alternative syntax for array
parameters, similar to the alternative syntax
for declaring an array. You can write the
square brackets after the parameter instead
of after the base type, as in the following
example:
public static void showArray
(char a[])
We do not encourage the use of this
alternative syntax, however.
A method can
change the values
of the elements
in its array
argument

8IFO ZPV TQFDJGZ BO BSSBZ QBSBNFUFS  ZPV HJWF
UIFCBTFUZQFPGUIFBSSBZ CVUZPVEPOPUGJYUIF
length of the array.
5P JMMVTUSBUF UIF VTF PG UIJT TBNQMF DMBTT 
suppose you have the statements
double[] a = new double[10];
double[] b = new double[30];

XJUIJOTPNFNFUIPEEFGJOJUJPO BOETVQQPTFUIBU
the elements of the arrays a and b have been given
WBMVFT#PUIPGUIFGPMMPXJOHNFUIPEJOWPDBUJPOT
are then valid:
SampleClass.incrementArrayBy2(a);
SampleClass.incrementArrayBy2(b);

The method incrementArrayBy2 can take an array of any length as its
BSHVNFOUBOEDBODIBOHFUIFWBMVFTPGUIFFMFNFOUTJOUIFBSSBZ'PMMPXJOH
UIF QSFWJPVT JOWPDBUJPOT PG UIF NFUIPE  UIF FMFNFOUT JO UIF BSSBZT a and b
have each been increased by 2.

RECAP Array Parameters
An argument to a method may be an entire array. You use the following
syntax for the method’s heading:
SYNTAX
public static Return_Type Method_Name(Base_Type[] Param_Name)

You can use other modifiers instead of public and static.
(continued)
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EXAMPLES
public static int getOneElement(char[] anArray, int index)
public void readArray(int[] anotherArray)

REMEMBER Array Parameters Do Not Specify the Array Length
An array parameter in a method’s heading specifies the base type of the
array, but not the length of the array. For example, the following method
heading specifies an array of characters as a parameter:
public static void showArray(char[] a)

REMEMBER Characteristics of Array Arguments
t /PTRVBSFCSBDLFUTBSFXSJUUFOXIFOZPVQBTTBOFOUJSFBSSBZBTBOBSHVNFOU
UPBNFUIPE
t "OBSSBZPGBOZMFOHUIDBOCFUIFBSHVNFOUDPSSFTQPOEJOHUPBOBSSBZ
QBSBNFUFS
t "NFUIPEDBODIBOHFUIFWBMVFTJOBOBSSBZBSHVNFOU
Each of these points is demonstrated by the preceding method
incrementArrayBy2.

Arguments for the Method main
The heading for the main method of a program is as follows:
public static void main(String[] args)

The parameter declaration String[] args indicates that args is an array
whose base type is String5IBUJT UIFNFUIPEmain takes an array of String
WBMVFTBTBOBSHVNFOU#VUXFOFWFSIBWFHJWFO main an argument when we
SBO BOZ PG PVS QSPHSBNT *O GBDU  XF IBWF OFWFS JOWPLFE main! What’s the
TUPSZ
"TZPVLOPX BOJOWPDBUJPOPGmain is a very special sort of invocation that
XFEPOPUNBLF8IFOZPVSVOZPVSQSPHSBN main is invoked automatically
BOEHJWFOBEFGBVMUBSSBZPGTUSJOHTBTBEFGBVMUBSHVNFOU#VUZPVDBO JGZPV
MJLF  QSPWJEF BEEJUJPOBM TUSJOHT XIFO ZPV SVO B QSPHSBN  BOE UIPTF TUSJOHT
will automatically be made elements of the array args that is provided to
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mainBTBOBSHVNFOU/PSNBMMZ ZPVEPUIJTCZSVOOJOHUIFQSPHSBNGSPNUIF

DPNNBOEMJOFPGUIFPQFSBUJOHTZTUFN MJLFTP
java TestProgram Sally Smith

This command sets args[0] to "Sally" and args[1] to "Smith". These two
JOEFYFEWBSJBCMFTDBOUIFOCFVTFEXJUIJOUIFNFUIPEmain.
'PSFYBNQMF DPOTJEFSUIFGPMMPXJOHTBNQMFQSPHSBN
public class TestProgram
{
public static void main(String[] args)
{
System.out.println("Hello" + args[0] + " " + args[1]);
}
}

After running TestProgram using the one-line command
java TestProgram Josephine Student
You can pass an
array of strings
to main as an
argument

the output produced by the program will be
Hello Josephine Student

#FTVSFUPOPUFUIBUUIFBSHVNFOUUPmain is an array of strings. If you want
OVNCFST ZPVNVTUDPOWFSUUIFTUSJOHSFQSFTFOUBUJPOTPGUIFOVNCFSTUPWBMVFT
PGPOFPSNPSFOVNCFSUZQFT'PSFYBNQMF UPDPOWFSUUIFGJSTUBSHVNFOUUPBO
JOUFHFS ZPVDPVMEVTFInteger.parseInt(args[0])4JODFUIFJEFOUJGJFSargs
JTBQBSBNFUFS ZPVDBOVTFBOZPUIFSWBMJEJEFOUJGJFSJOQMBDFPGargs BTMPOH
as you change any occurrences of args that also occur in the body of main.
)PXFWFS JUJTUSBEJUJPOBMUPVTFUIFJEFOUJGJFSargs for this parameter.

Array Assignment and Equality
"SSBZTBSFPCKFDUT BOETPUIFBTTJHONFOUPQFSBUPSBOEUIFFRVBMJUZPQFSBUPS
CFIBWF BOENJTCFIBWF JOUIFTBNFXBZXJUIBSSBZTBTUIFZEPXJUIUIF
kinds of objects we saw before discussing arrays. To understand how this
BQQMJFTUPBSSBZT ZPVOFFEUPLOPXBMJUUMFCJUBCPVUIPXBSSBZTBSFTUPSFEJO
the computer’s main memory. The important point for this discussion is that
UIFFOUJSFBSSBZDPOUFOUTUIBUJT UIFDPOUFOUTPGBMMPGUIFJOEFYFEWBSJBCMFT
BSFTUPSFEUPHFUIFSJOPOF QPTTJCMZMBSHF TFDUJPOPGNFNPSZ*OUIJTXBZ UIF
location of the entire array contents can be specified by one memory address.
Recall that a variable for an object really contains the memory address of
UIFPCKFDU5IFBTTJHONFOUPQFSBUPSDPQJFTUIJTNFNPSZBEESFTT'PSFYBNQMF 
consider the following code:
int[] a = new int[3];
int[] b = new int[3];
for (int i = 0; i <a.length; i++)
a[i] = i;

7.2 Arrays in Classes and Methods
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b = a;
System.out.println("a[2] = " + a[2] + ", b[2] = " + b[2]);
a[2] = 2001;
System.out.println("a[2] = " + a[2] + ", b[2] = " + b[2]);

This will produce the following output:
a[2] = 2, b[2] = 2
a[2] = 2001, b[2] = 2001

The assignment b = a in the preceding code gives the array variable b the same
memory address as the array variable a4P a and b are two different names for
UIFTBNFBSSBZ5IVT XIFOXFDIBOHFUIFWBMVFPGa[2] XFBSFBMTPDIBOHJOHUIF
value of b[2]'PSUIJTSFBTPO JUJTCFTUTJNQMZOPUUPVTFUIFBTTJHONFOUPQFSBUPS
XJUIBSSBZT*GZPVXBOUUIFBSSBZTa and b in the preceding code to be different
BSSBZTIBWJOHUIFTBNFWBMVFT ZPVNVTUXSJUFTPNFUIJOHMJLFUIFGPMMPXJOH
for (int i = 0; i < a.length; i++)
b[i] = a[i];

instead of the assignment statement
b = a;

Assigning one
array to another
results in one
array having two
names

Note that the preceding loop assumes that the arrays a and b have the same
length.
5IFFRVBMJUZPQFSBUPSUFTUTXIFUIFSUXPBSSBZTBSFTUPSFEJOUIFTBNF
QMBDFJOUIFDPNQVUFSTNFNPSZ'PSFYBNQMF UIFDPEF
int[] a = new int[3];
int[] b = new int[3];
for (int i = 0; i < a.length; i++)
a[i] = i;
for (int i = 0; i < b.length; i++)
b[i] = i;
if (b == a)
System.out.println("Equal by ==");
else
System.out.println("Not equal by ==");

produces the output
Not equal by ==

&WFOUIPVHIUIFBSSBZTBOEDPOUBJOUIFTBNFJOUFHFSTJOUIFTBNFPSEFS UIF
BSSBZTBSFTUPSFEJOEJGGFSFOUQMBDFTJONFNPSZ4PbaJTGBMTF TJODFUFTUT
GPSFRVBMNFNPSZBEESFTTFT
*G ZPV XBOU UP UFTU XIFUIFS UXP BSSBZT DPOUBJO UIF TBNF FMFNFOUT  ZPV
NVTUUFTUXIFUIFSFBDIFMFNFOUJOPOFBSSBZFRVBMTUIFDPSSFTQPOEJOHFMFNFOU
JOUIFPUIFSBSSBZ-JTUJOHDPOUBJOTBTNBMMEFNPOTUSBUJPODMBTTUIBUTIPXT
one possible way to do this.

The operator ==
tests whether
two arrays are at
the same place in
memory
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LISTING 7.6 Two Kinds of Equality (part 1 of 2)
/**
A demonstration program to test two arrays for equality.
*/
public class TestEquals
{
public static void main(String[] args)
{
int[] a = new int[3];
The arrays a and b
int[] b = new int[3];
contain the same integers
setArray(a);
in the same order.
setArray(b);
if (b == a)
System.out.println("Equal by ==.");
else
System.out.println("Not equal by ==.");
if (equals(b, a))
System.out.println("Equal by the equals method.");
else
System.out.println("Not equal by the equals method.");
}
public static boolean equals(int[] a, int[] b)
{
boolean elementsMatch = true;//tentatively
if (a.length != b.length)
elementsMatch = false;
else
{
int i = 0;
while (elementsMatch && (i < a.length))
{
if (a[i] != b[i])
elementsMatch = false;
i++;
}
}
return elementsMatch;
}
public static void setArray(int[] array)
{
for (int i = 0; i < array.length; i++)
array[i] = i;
}
}

(continued)

7.2 Arrays in Classes and Methods

LISTING 7.6 Two Kinds of Equality (part 2 of 2)
Screen Output
Not equal by ==.
Equal by the equals method.

GOTCHA

Using the Operators = and == with Arrays

:PVDBOVTFUIFBTTJHONFOUPQFSBUPSUPHJWFBOBSSBZNPSFUIBOPOFOBNF:PV
DBOOPUVTFJUUPDPQZUIFDPOUFOUTPGPOFBSSBZUPBOPUIFS EJGGFSFOUBSSBZ-JLFXJTF 
UIFFRVBMJUZPQFSBUPSUFTUTXIFUIFSUXPBSSBZOBNFTSFGFSFODFUIFTBNFNFNPSZ
address. It does not test whether two different arrays contain the same values.
■
REMEMBER Array Types Are Reference Types
A variable of an array type holds only the address where the array is
stored in memory. This memory address is called a reference to the array
object in memory. For this reason, array types are often called reference
types. Recall from Chapter 5 that a reference type is any type whose
variables hold references—that is, memory addresses—as opposed to the
actual item named by the variable. Array types and class types are both
reference types. Primitive types are not reference types.

FAQ Are arrays really objects?
Arrays do not belong to any class. Some other features of class objects—
such as inheritance, which we will discuss in Chapter 8—do not apply to
arrays. So whether arrays should be considered objects is not 100 percent
clear. However, that is primarily an academic debate. In Java, arrays are
officially objects. Whenever Java documentation says that something
applies to all objects, it also applies to arrays.

Methods That Return Arrays
"+BWBNFUIPENBZSFUVSOBOBSSBZ5PIBWFJUEPTP ZPVTQFDJGZUIFNFUIPET
SFUVSOUZQFJOUIFTBNFXBZUIBUZPVTQFDJGZUIFUZQFPGBOBSSBZQBSBNFUFS'PS
FYBNQMF  -JTUJOH  DPOUBJOT B SFWJTFE WFSTJPO PG UIF QSPHSBN JO -JTUJOH 
#PUI QSPHSBNT QFSGPSN QSFUUZ NVDI UIF TBNF DPNQVUBUJPOT  CVU UIJT OFX
version computes the various possible average scores within a method named
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LISTING 7.7 A Method That Returns an Array
import java.util.Scanner;
/**
A demonstration of a method that returns an array.
*/
public class ReturnArrayDemo
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter your score on exam 1:");
int firstScore = keyboard.nextInt();
int[] nextScore = new int[3];
for (int i = 0; i < nextScore.length; i++)
nextScore[i] = firstScore + 5 * i;
double[] averageScore =
getArrayOfAverages(firstScore, nextScore);
for (int i = 0; i < nextScore.length; i++)
{
System.out.println("If your score on exam 2 is " +
nextScore[i]);
System.out.println("your average will be " +
averageScore[i]);
}
}
public static double[] getArrayOfAverages(int firstScore,
int[] nextScore)
{
double[] temp = new double[nextScore.length];
for (int i = 0; i < temp.length; i++)
temp[i] = getAverage(firstScore, nextScore[i]);
return temp;
}

}

A method can
return an entire
array

public static double getAverage(int n1, int n2)
{
return (n1 + n2) / 2.0;
}
The sample screen output is

the same as in Listing 7.5.

getArrayofAverages. This new method returns these average scores as an array.
5IF NFUIPE EPFT TP CZ DSFBUJOH B OFX BSSBZ BOE UIFO SFUVSOJOH JU  VTJOH UIF
following steps:
double temp = new double[nextScore.length];
<Fill the array temp.>
return temp;

7.2 Arrays in Classes and Methods

RECAP Returning an Array
A method can return an array in basically the same way that it returns a
value of another type.
SYNTAX
public static Base_Type[] Method_Name(Parameter_List)
{
Base_Type[] temp = new Base_Type[Array_Size];
Statements_To_Fill_Array
return temp;
}

The method need not be static and need not be public. The following are
some of the other acceptable method headings:
public Base_Type[] Method_Name(Parameter_List)
private static Base_Type[] Method_Name(Parameter_List)
private Base_Type[] Method_Name(Parameter_List)

EXAMPLE
public static char[] getVowels()
{
char[] newArray = {'a', 'e', 'i', 'o', 'u'};
return newArray;
}

RECAP The Name of an Array’s Data Type
The data-type name for an array is always of the form
Base_Type[]

This is true when declaring an array variable, specifying the type of an
array parameter, or specifying that a method returns an array.
EXAMPLES
int[] counter = new int[10];
Species[] ghost = new Species[20];
public static double[] halfAll(int[] arrayToBeHalved);
{
...

VideoNote
Using arrays within
methods
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GOTCHA

Privacy Leaks with Arrays

A private instance variable that has an array type can be modified outside of its
DMBTT JGBQVCMJDNFUIPEJOUIFDMBTTSFUVSOTUIFBSSBZ5IJTJTUIFTBNFQSPCMFN
XFEJTDVTTFEJOUIFQSFWJPVTDIBQUFS BOEJUIBTBOBMPHPVTTPMVUJPOT
■

S E L F -TE S T QU ESTI ONS
  8IBUPVUQVUXJMMCFQSPEVDFECZUIFGPMMPXJOHDPEF
char[] a = new char[3];
for (int i = 0; i <a.length;
a[i] = a;
char[] b = a;
System.out.println("a[1] = "
System.out.println("a[2] = "
b[2] = b;
System.out.println("a[1] = "
System.out.println("a[2] = "

i++)

+ a[1] + ", b[1] = " + b[1]);
+ a[2] + ", b[2] = " + b[2]);
+ a[1] + ", b[1] = " + b[1]);
+ a[2] + ", b[2] = " + b[2]);

 (JWFUIFEFGJOJUJPOPGBTUBUJDNFUIPEDBMMFEshowArray that has an array of
base type charBTBTJOHMFQBSBNFUFSBOEUIBUXSJUFTPOFMJOFPGUFYUUPUIF
screen consisting of the characters in the array argument written in order.
11. Give the definition of a static method called getArrayOfHalves that has
an array of base type double as a single parameter and that returns another
BSSBZXIPTFCBTFUZQFBOEMFOHUIBSFUIFTBNFBTUIPTFPGUIFQBSBNFUFS 
CVUXIPTFFMFNFOUTIBWFFBDICFFOEJWJEFECZ
 5IFGPMMPXJOHNFUIPEDPNQJMFTBOEFYFDVUFTCVUEPFTOPUXPSLBTZPV
NJHIUIPQF8IBUJTXSPOHXJUIJU
/** Copies an array. */
public static int[] copyArray(int[] anArray)
{
int[] temp = new int[anArray.length];
temp = anArray;
return temp;
}

 5IFGPMMPXJOHNFUIPEDPNQJMFTBOEFYFDVUFTCVUEPFTOPUXPSLBTZPV
NJHIUIPQF8IBUJTXSPOHXJUIJU
/** Doubles the size of an array. */
public static void doubleSize(int[] a)
{
a = new int[a.length * 2];
}

7.3 Programming with Arrays and Classes

 4VQQPTF UIBU XF BEE UIF GPMMPXJOH NFUIPE UP UIF DMBTT SalesReporter
JO -JTUJOH  TP UIBU B QSPHSBN VTJOH UIJT DMBTT DBO BDDFTT UIF TBMFT
associates:
/** Returns an array of SalesAssociate objects. */
public SalesAssociate[] getSalesTeam()
{
return team;
}

8JMMUIJTNFUIPEDPNQJMFBOEFYFDVUFBTJOEJDBUFE *TBEEJOHUIJTNFUIPE
to the class SalesReporterBHPPEJEFB

7.3 PROGRAMMING WITH ARRAYS AND CLASSES
The Moving Finger writes; and, having writ,
Moves on; nor all your Piety and Wit.
Shall lure it back to cancel half a line.
Nor all your Tears wash out a Word of it.
—OMAR KHAYYAM, THE RUBA’IYAT '*5;(&3"-%53"/4-"5*0/

*O UIJT TFDUJPO  XF QSFTFOU TPNF BEEJUJPOBM UFDIOJRVFT GPS XPSLJOH XJUI
BSSBZT*OQBSUJDVMBS XFEJTDVTTVTJOHBOBSSBZWBSJBCMFBTBOJOTUBODFWBSJBCMF
JOBDMBTT8FCFHJOXJUIBQSPHSBNNJOHFYBNQMFUIBUJMMVTUSBUFTTPNFCBTJD
UFDIOJRVFT

PROGRAMMING EXAMPLE

A Specialized List Class

One way to use an array for a special purpose is to make the array an instance
WBSJBCMFPGBDMBTT5IFBSSBZJTBDDFTTFEPOMZUISPVHIUIFDMBTTNFUIPET BOE
so you can add any checks and automatic processing that you want. This
allows you to define classes whose objects are something like special-purpose
BSSBZT *O UIJT QSPHSBNNJOH FYBNQMF  XF QSFTFOU BO FYBNQMF PG POF TVDI
class.
8FXJMMEFGJOFBDMBTTXIPTFPCKFDUTDBOCFVTFEGPSLFFQJOHMJTUTPGJUFNT 
such as a grocery list or a list of things to do. The class will have the rather long
name OneWayNoRepeatsList.1
-POHOBNFTBSFUSBEJUJPOBMJO+BWB CVUXFEJEOPUDIPPTFBMPOHOBNFKVTUUPCFUSBEJUJPOBM"MMUIFTIPSUOBNFT MJLFCollection and List,BMSFBEZIBWFBNFBOJOHJO+BWB 
and it could be confusing to use these short names for something other than their usual
meaning.
1
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A class of lists of
strings

An array of
strings as an
instance variable

The class OneWayNoRepeatsList will have a method for adding items
UP UIF MJTU "O JUFN PO UIF MJTU JT B TUSJOH  XIJDI JO BO BQQMJDBUJPO XPVME
TBZ XIBUFWFS ZPV XBOU UIF JUFN UP TBZ  TVDI BT i#VZ NJMLw 5IJT DMBTT IBT
OP NFUIPE UP DIBOHF B TJOHMF JUFN PS EFMFUF BO JUFN GSPN UIF MJTU *U EPFT 
IPXFWFS  IBWF B NFUIPE UIBU MFUT ZPV FSBTF UIF FOUJSF MJTU BOE TUBSU PWFS
again with a blank list. Each object of the class OneWayNoRepeatsList has a
NBYJNVN OVNCFS PG JUFNT JU DBO IPME "U BOZ UJNF  UIF MJTU NJHIU DPOUBJO
BOZXIFSFGSPN[FSPUPUIFNBYJNVNOVNCFSPGJUFNT
An object of the class OneWayNoRepeatsList has an array of strings as
BOJOTUBODFWBSJBCMF5IJTBSSBZIPMETUIFJUFNTPOUIFMJTU)PXFWFS ZPVEP
OPUBDDFTTUIFBSSBZEJSFDUMZ*OTUFBE ZPVVTFBDDFTTPSBOENVUBUPSNFUIPET
You can use int variables to hold numbers that indicate positions in the list.
One of these int WBSJBCMFT JT UIF TBNF UIJOH BT BO JOEFY  CVU UIF QPTJUJPOT
BSF OVNCFSFE TUBSUJOH XJUI  SBUIFS UIBO  'PS FYBNQMF  B NFUIPE OBNFE
getEntryAt lets you recover the item at a given position. If toDoList is an
object of the class OneWayNoRepeatsList  UIF GPMMPXJOH TUBUFNFOU TFUT UIF
string variable next to the entry at the second position:
String next = toDoList.getEntryAt(2);

Access to the
strings in a list is
only via methods

Other methods add an entry to the end of the list or erase the entire list.
These are the only ways that the list can be changed. You cannot change or
EFMFUF B QBSUJDVMBS FOUSZ PO UIF MJTU  BOE ZPV DBOOPU BEE BO FOUSZ BOZXIFSF
other than at the end of the list.
*O$IBQUFSXFEJTDVTTFEFODBQTVMBUJPO5IFDMBTTOneWayNoRepeatsList
JTBHPPEFYBNQMFPGBXFMMFODBQTVMBUFEDMBTT TJODFJUIJEFTJUTEFUBJMTGSPN
UIFQSPHSBNNFSXIPVTFTJU#VUDMFBSMZ UIFQSPHSBNNFSOFFETUPLOPXIPX
UPVTFUIFDMBTT4PJUNBLFTTFOTFUPUFMMZPVIPXUPVTFUIJTDMBTTCFGPSFXF
give the definition.
-JTUJOHDPOUBJOTBQSPHSBNUIBUEFNPOTUSBUFTIPXUPVTFTPNFPGUIF
methods for the class OneWayNoRepeatsList. Notice that the constructor takes
BO JOUFHFS BSHVNFOU 5IJT JOUFHFS TQFDJGJFT UIF NBYJNVN OVNCFS PG FOUSJFT
that can be placed on the list. The number is small for our demonstration.
The method addItem BEET B TUSJOH UP UIF FOE PG UIF MJTU 'PS FYBNQMF  UIF
following adds the string named by the variable next to the end of the list toDoList:
toDoList.addItem(next);

Stepping through
a list

*GZPVMPPLBUUIFTBNQMFPVUQVUJO-JTUJOH ZPVXJMMTFFUIBUBuy milk
JTBEEFEUPUIFMJTUUXJDF CVUUIBUJUBQQFBSTPOUIFMJTUPOMZPODF*GUIFJUFN
CFJOHBEEFEJTBMSFBEZPOUIFMJTU UIFNFUIPEaddItem has no effect. That way
the list has no repeats.
You can use an int variable to step through the list from beginning
UP FOE 5IF UFDIOJRVF JT JMMVTUSBUFE BU UIF FOE PG -JTUJOH  :PV CFHJO CZ
initializing an intWBSJBCMFUPUIFGJSTUQPTJUJPOPOUIFMJTU BTGPMMPXT
int position = toDoList.START_POSITION;

7.3 Programming with Arrays and Classes

LISTING 7.8 Using the Class OneWayNoRepeatsList (part 1 of 2)
import java.util.Scanner;
public class ListDemo
{
public static final int MAX_SIZE = 3; //Assumed > 0
public static void main(String[] args)
{
OneWayNoRepeatsList toDoList =
new OneWayNoRepeatsList(MAX_SIZE);
System.out.println(
"Enter items for the list, when prompted.");
boolean moreEntries = true;
String next = null;
Scanner keyboard = new Scanner(System.in);
while (moreEntries && !toDoList.isFull())
{
System.out.println("Enter an item:");
next = keyboard.nextLine();
toDoList.addItem(next);
if (toDoList.isFull())
{
System.out.println("List is now full.");
}
else
{
System.out.print("More items for the list? ");
String ans = keyboard.nextLine();
if (ans.trim().equalsIgnoreCase("no"))
moreEntries = false; //User says no more
}
}
System.out.println("The list contains:");
int position = toDoList.START_POSITION;
next = toDoList.getEntryAt(position);
while (next != null) //null indicates end of list
{
System.out.println(next);
position++;
next = toDoList.getEntryAt(position);
}
}
}

(continued)
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LISTING 7.8 Using the Class OneWayNoRepeatsList (part 2 of 2)
Sample Screen Output
Enter items for the list, when prompted.
Enter an item:
Buy milk
More items for the list? yes
Enter an item:
Walk dog
More items for the list? yes
Enter an item:
Buy milk
More items for the list? yes
Enter an item:
Write program
The list is now full.
The list contains:
Buy milk
Walk dog
Write program

The named constant toDoList.START_POSITION is simply another name for
 CVUXFVTFJUCFDBVTFXFBSFUIJOLJOHPGUIJTBTUIFTUBSUPGUIFMJTU OPUBT
the number 1.You can invoke the method getEntryAt to retrieve the item at
BHJWFOQPTJUJPOJOUIFMJTU'PSFYBNQMF UIFGPMMPXJOHTFUTUIFTUSJOHWBSJBCMF
nextFRVBMUPUIFTUSJOHBUUIFQPTJUJPOHJWFOCZUIFWBSJBCMFposition:
next = toDoList.getEntryAt(position);

5PPCUBJOUIFOFYUJUFNPOUIFMJTU UIFQSPHSBNTJNQMZJODSFNFOUTUIFWBMVF
of position5IFGPMMPXJOHDPEF UBLFOGSPN-JTUJOH JMMVTUSBUFTTUFQQJOH
through the list:
int position = toDoList.START_POSITION;
next = toDoList.getEntryAt(position);
while (next != null)
{
System.out.println(next);
position++;
next = toDoList.getEntryAt(position);
}
null signals the
list’s end

Once the value of position is incremented beyond the last position in
UIF MJTU  OP FOUSZ XJMM CF BU QPTJUJPO 4P XF OFFE TPNF XBZ UP DPOWFOJFOUMZ

7.3 Programming with Arrays and Classes

JOEJDBUFUIBUUIFFOEPGUIFMJTUIBTCFFOSFBDIFE0UIFSXJTF XFNJHIUBDDFTT
TPNFiHBSCBHFwWBMVFJOUIFVOVTFEQPSUJPOPGUIFBSSBZ5PUBLFDBSFPGUIJT
QSPCMFN  XF XJMM NBLF getEntryAt return the value null when there is no
entry at the given position. Note that null JT EJGGFSFOU GSPN BOZ SFBM TUSJOH 
BOETPJUXJMMOPUBQQFBSPOBOZMJTU5IVT ZPVSQSPHSBNDBOUFTUGPSUIFFOE
of the list by checking for the value null 3FDBMM UIBU UP UFTU GPS FRVBMJUZ PS
JOFRVBMJUZXJUInull ZPVVTF== or !=; you do not use an equals method.
The complete definition of the class OneWayNoRepeatsList is given in
-JTUJOH  5IF FOUSJFT PO B MJTU BSF LFQU JO UIF JOTUBODF WBSJBCMF entry 
which is an array of base type String 5IVT  UIF NBYJNVN OVNCFS PG
entries that the list can hold is entry.length )PXFWFS  UIF MJTU OPSNBMMZ
XJMM OPU CF GVMM  BOE TP XJMM DPOUBJO GFXFS UIBO entry.length entries. To
keep track of how much of the array entry JT DVSSFOUMZ VTFE  UIF DMBTT IBT
an instance variable called countOfEntries. The entries themselves are kept
JO UIF JOEFYFE WBSJBCMFT entry[0]  entry[1]  entry[2]  BOE TP PO UISPVHI
entry[countOfEntries — 1]. The values of the elements whose indices are
countOfEntries or higher are just garbage values and do not represent entries
PO UIF MJTU 5IVT  XIFO ZPV XBOU UP TUFQ UISPVHI UIF JUFNT PO UIF MJTU  ZPV
stop after entry[countOfEntries — 1].
'PSFYBNQMF UIFEFGJOJUJPOPGUIFNFUIPEisOnList has a while loop that
TUFQTUISPVHIUIFBSSBZ DIFDLJOHUPTFFXIFUIFSUIFBSHVNFOUJTFRVBMUPBOZ
of the entries on the list:
while ((!found) && (i <countOfEntries))
{
if (item.equalsIgnoreCase(entry[i]))
found = true;
else
i++;
}

The code checks only array elements whose indices are less than countOfEntries.
*UEPFTOPUDIFDLUIFSFTUPGUIFBSSBZ CFDBVTFUIPTFBSSBZFOUSJFTBSFOPUPO
the list.
The complete class OneWayNoRepeatsList has a few more methods
UIBOUIPTFXFVTFEJOUIFEFNPOTUSBUJPOQSPHSBNJO-JTUJOH5IFTFFYUSB
methods make the class more useful for a wider variety of applications.
Note that although the array entry IBT JOEJDFT TUBSUJOH XJUI   JG XF
use an int variable as a position marker—such as the variable position in
-JTUJOHUIFOVNCFSJOHTUBSUTBU OPU5IFDMBTTNFUIPETBVUPNBUJDBMMZ
BEKVTU UIF JOEJDFT  TP XIFO ZPV XBOU UIF JUFN BU MPDBUJPO position  ZPV
get entry[position — 1] 8F DPVME  PG DPVSTF  IBWF DPNQFOTBUFE GPS UIF
EJGGFSFODF CFUXFFO BSSBZ JOEJDFT BOE MJTU QPTJUJPOT CZ BMMPDBUJOH BO FYUSB
element in the array entry and ignoring entry[0]  BT XF TVHHFTUFE FBSMJFS
OFBSUIFFOEPGUIFTFDUJPOFOUJUMFEi.PSF"CPVU"SSBZ*OEJDFTw&YFSDJTFBU
the end of the previous section asks you to do just that.
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Garbage values
occur after the
last entry in the
list

The loop in
the method
isOnList

Positions of
entries on a list
begin at 1, but
in an array, they
begin at 0
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LISTING 7.9 An Array Wrapped in a Class to Represent
a List (part 1 of 3)
/**
An object of this class is a special kind of list of strings.
You can write the list only from beginning to end. You can add
only to the end of the list. You cannot change individual entries, but you can erase the entire list and start over. No
entry may appear more than once on the list. You can use int
variables as position markers into the list. Position markers
are similar to array indices, but are numbered starting with 1.
*/
public class OneWayNoRepeatsList
{
public static int START_POSITION = 1;
public static int DEFAULT_SIZE = 50;
//entry.length is the total number of items you have room
//for on the list (its capacity); countOfEntries is the number of
//items currently on the list.
private int countOfEntries; //can be less than entry.length.
private String[] entry;
/**
Creates an empty list with a given capacity.
*/
public OneWayNoRepeatsList(int maximumNumberOfEntries)
{
entry = new String[maximumNumberOfEntries];
countOfEntries = 0;
}
/**
Creates an empty list with a capacity of DEFAULT_SIZE.
*/
public OneWayNoRepeatsList()
{
entry = new String[DEFAULT_SIZE];
countOfEntries = 0;
// or replace these two statements with this(DEFAULT_SIZE);
}
public boolean isFull()
{
return countOfEntries == entry.length;
}
public boolean isEmpty()
{
return countOfEntries == 0;
}

(continued)
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LISTING 7.9 An Array Wrapped in a Class to Represent
a List (part 2 of 3)
/**
Precondition: List is not full.
Postcondition: If item was not on the list,
it has been added to the list.
*/
public void addItem(String item)
{
if (!isOnList(item))
{
if (countOfEntries == entry.length)
{
System.out.println("Adding to a full list!");
System.exit(0);
}
else
{
entry[countOfEntries] = item;
countOfEntries++;
}
} //else do nothing. Item is already on the list.
}
/**
If the argument indicates a position on the list,
the entry at that specified position is returned;
otherwise, null is returned.
*/
public String getEntryAt(int position)
{
String result = null;
if ((1 <= position) && (position <= countOfEntries))
result = entry[position - 1];
return result;
}
/**
Returns true if position indicates the last item
on the list; otherwise, returns false.
*/
public boolean atLastEntry(int position)
{
return position == countOfEntries;
}

(continued)
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LISTING 7.9 An Array Wrapped in a Class to Represent
a List (part 3 of 3)
/**
Returns true if item is on the list;
otherwise, returns false. Does not differentiate
between uppercase and lowercase letters.
*/
public boolean isOnList(String item)
{
boolean found = false;
int i = 0;
while (!found && (i < countOfEntries))
{
if (item.equalsIgnoreCase(entry[i]))
found = true;
else
i++;
}
return found;
}
public int getMaximumNumberOfEntries()
{
return entry.length;
}
public int getNumberOfEntries()
{
return countOfEntries;
}
public void eraseList()
{
countOfEntries = 0;
}
}

Note that the class OneWayNoRepeatsList provides three ways to detect
UIFFOEPGBMJTU BTTVNJOHZPVVTFBO int variable position to access entries
in the list:
Ways to detect
the end of a list

t *GpositionFRVBMTgetNumberOfEntries() position is at the last entry.
t *GatLastEntry(position) returns true position is at the last entry.
t *GgetEntryAt(position) returns null position is beyond the last entry.
8F FOE UIJT QSPHSBNNJOH FYBNQMF XJUI B NFOUJPO UIBU UIF +BWB $MBTT
Library contains the class ArrayList that you can use to create lists that are
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NPSFHFOFSBMBOEGMFYJCMFUIBOUIFMJTUXFVTFEIFSF-JLFPVSDMBTT ArrayList
VTFTBOBSSBZUPSFQSFTFOUUIFMJTU$IBQUFSXJMMJOUSPEVDFZPVUPUIJTDMBTT 
CVUJGZPVMJLF ZPVDBOTLJQBIFBEBOESFBEBCPVUJUOPX

S E L F-TE S T QU E S TIO N S
 3FQMBDFUIFMBTUMPPQJO-JTUJOHXJUIBfor loop that uses the number
of entries in the list.
 3FQMBDF UIF MBTU MPPQ JO -JTUJOH  XJUI B MPPQ UIBU VTFT UIF NFUIPE
atLastEntry.

Partially Filled Arrays
The array entry in the class OneWayNoRepeatsList JO -JTUJOH  DPOUBJOT
UIF FOUSJFT PO B MJTU 8IFO UIF MJTU JT OPU ZFU GVMM  entry is a partially filled
array. *O TPNF TJUVBUJPOT  TVDI BT UIJT POF  XF OFFE TPNF CVU OPU BMM PG
UIF JOEFYFE WBSJBCMFT JO BO BSSBZ *O UIFTF DBTFT  XF NVTU LFFQ USBDL PG
how much of the array has been used so that we know how much of it is
BWBJMBCMF/PSNBMMZ XFDBOVTFBOJOUWBSJBCMFUPDPVOUUIFJUFNTJOUIFBSSBZ
'PSFYBNQMF UIFDMBTT OneWayNoRepeatsListJO-JTUJOHVTFTUIFJOTUBODF
variable countOfEntries GPS UIJT QVSQPTF *O QBSUJDVMBS  countOfEntries
JNQMJFTUIBUUIFMJTUDPOUBJOTUIFBSSBZFMFNFOUTXIPTFJOEJDFTBSFUISPVHI
countOfEntries — 1 BT'JHVSFJMMVTUSBUFT*UJTWFSZJNQPSUBOUUPLFFQUSBDLPG
IPXNVDIPGUIFBSSBZJTDVSSFOUMZCFJOHVTFE CFDBVTFUIFPUIFSBSSBZFOUSJFT
DPOUBJOJSSFMFWBOUWBMVFT8IFOBDDFTTJOHBQBSUJBMMZGJMMFEBSSBZ ZPVXBOUUP
access only those elements in the array that contain meaningful values. You
XBOU UP JHOPSF UIF SFTU PG UIF BSSBZ 0G DPVSTF  BT ZPV BEE PS EFMFUF FOUSJFT
GSPN B QBSUJBMMZ GJMMFE BSSBZ  UIF CPSEFSMJOF CFUXFFO NFBOJOHGVM WBMVFT BOE
FIGURE 7.4 A Partially Filled Array
entry
entry[0]

Buy milk.

entry[1]

Call home.

entry[2]

Go to beach.

entry[3]

?

entry[4]

?

entry.length has a value of 5.
countOfEntries has a value of 3.

The array entry, as used in an object of
the class OneWayNoRepeatsList
with a maximum capacity of 5 entries
The item at index
countOfEntries – 1

Unused elements

An array can have
fewer meaningful
entries than its
capacity
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JSSFMFWBOUWBMVFTDBONPWF BOEUIJTNPWFNFOUNVTUCFSFDPSEFECZDIBOHJOH
the value of a suitable intWBSJBCMF TVDIBTcountOfEntries.
5ZQJDBMMZ UIFNFBOJOHGVMQBSUPGBOBSSBZCFHJOTBUUIFCFHJOOJOHPGUIF
BSSBZ CVUUIJTJTOPUBOBCTPMVUFSFRVJSFNFOU8IFOZPVXBOUUPDPOTJEFSB
QPSUJPOPGBOBSSBZUIBUEPFTOPUCFHJOBUUIFJOEFY ZPVDBOEFGJOFUXPint
variables—such as first and last—to record the indices of the first and last
FMFNFOUT  SFTQFDUJWFMZ  PG UIF SBOHF PG FMFNFOUT UIBU ZPV XBOU UP DPOTJEFS
These variables might be either instance variables or parameters to a method.
'PSFYBNQMF XFDPVMEEFGJOFBTUBUJDNFUIPEIBWJOHUIFGPMMPXJOHIFBEJOH
/** Precondition: 0 <= first <= last < anArray.length */
public static void processArray(double[] anArray,
int first, int last)

REMEMBER The Number of Entries in an Array vs. the
Array’s Length
Distinguish between the number of entries that you use in an array and the
array’s capacity. The capacity of an array a is a.length. This is the number
of array elements that are created for you when you define the array. You
might not use all of these elements. In this case, you need to keep track of
how many you have used. Typically, you will have two integers: One is the
capacity of the array, and one is the number of elements you have used.

S E L F -TE S T QU ESTI ONS
 4VQQPTFa is an array of values of type double. Write some code to display
all the elements in aPOUIFTDSFFO POFFMFNFOUQFSMJOF
 4VQQPTF a is an array of values of type double that is partially filled. The
array contains meaningful values in only the first numberUsedFMFNFOUT 
where numberUsed is a variable of type int. Write some code to display all
the meaningful values in the array a.
 *G UIF BSSBZ a JO UIF QSFWJPVT RVFTUJPO IBT SPPN GPS UFO FMFNFOUT CVU
DPOUBJOT POMZ UISFF FMFNFOUT  XIBU JOEFYFE WBSJBCMFT XJMM DPOUBJO UIF
UISFFFMFNFOUT 8IBUJTUIFWBMVFPGnumberUsed?
 $POTJEFS UIF QBSUJBMMZ GJMMFE BSSBZ a GSPN 4FMG5FTU 2VFTUJPO  8SJUF
TPNF DPEF UIBU XJMM QMBDF UIF OVNCFS  SJHIU BGUFS UIF MBTU OVNCFS
currently in a. You can assume that the array aJTOPUGVMM Hint: You must
update numberUsed
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 3FQFBUUIFQSFWJPVTRVFTUJPO CVUUIJTUJNFBTTVNFUIBUZPVEPOPULOPX
whether the array a is full. If the array aJTGVMM ZPVSDPEFTIPVMEEJTQMBZ
an appropriate message to the screen.
an accessor method getEntryArray for the class
OneWayNoRepeatsList that returns a copy of the array entry4JODFentry

22. Write

JTBOBSSBZPGTUSJOHT ZPVOFFEOPUDPQZUIFTUSJOHTUIFNTFMWFT

7.4 SORTING AND SEARCHING ARRAYS
A place for everything and everything in its place.
*4"#&--"."3:#&&50/ THE BOOK OF HOUSEHOLD MANAGEMENT (1861)

4VQQPTF ZPV IBWF BO BSSBZ PG WBMVFT :PV NJHIU XBOU UIF BSSBZ WBMVFT UP
CF PSEFSFE JO TPNF XBZ 'PS FYBNQMF  ZPV NJHIU XBOU UP PSEFS BO BSSBZ PG
OVNCFSTGSPNMPXFTUUPIJHIFTUPSGSPNIJHIFTUUPMPXFTU PSZPVNJHIUXBOU
to arrange an array of strings into alphabetical order. Arranging a collection
of items into a particular order is called sorting.5ZQJDBMMZ XFTPSUBSSBZTJOUP
ascending or descending order.
*OUIJTTFDUJPO XFXJMMEJTDVTTBOEJNQMFNFOUBTJNQMFTPSUJOHBMHPSJUIN
8FXJMMQSFTFOUUIJTBMHPSJUINBTBXBZUPTPSUBOBSSBZPGJOUFHFST)PXFWFS 
XJUIPOMZNJOPSDIBOHFT JUDBOCFBEBQUFEUPTPSUBSSBZTPGWBMVFTPGBOZUZQF
UIBUDBOCFPSEFSFE'PSFYBNQMF XFDPVMETPSUBOBSSBZPGFNQMPZFFSFDPSET
according to identification numbers.
We also will consider searching a given array for a particular entry. We can
search an array whose entries are sorted or one whose entries are completely
VOPSHBOJ[FE #PUI TPSUJOH BOE TFBSDIJOH BSF RVJUF JNQPSUBOU UBTLT  BOE
FGGJDJFOU BMHPSJUINT BSF JNQPSUBOU 8F XJMM  IPXFWFS  KVTU JOUSPEVDF ZPV UP
these topics.

Selection Sort
*NBHJOFBOBSSBZPGJOUFHFSTUIBUXFXBOUUPTPSUJOUPBTDFOEJOHPSEFS5IBUJT 
XFXJMMSFBSSBOHFUIFWBMVFTJOUIFJOEFYFEWBSJBCMFTPGUIFBSSBZTPUIBU
a[0] ≤ a[1] ≤ a[2] ≤ ... ≤ a[a.length - 1]

8FXJMMEJTDVTTPOFPGUIFFBTJFTUPGUIFTPSUJOHBMHPSJUINTUPVOEFSTUBOE UIF
selection sort. This algorithm follows from the specification of what we want
UIFBMHPSJUINUPEP5IBUJT XFXBOUUIFBMHPSJUINUPSFBSSBOHFUIFWBMVFTPG
the array a so that a[0]JTUIFTNBMMFTU a[1]JTUIFOFYUTNBMMFTU BOETPGPSUI
That desire leads to the following pseudocode:
for (index = 0; index <a.length; index++)
Place the (index + 1)th smallest element in a[index]

Sorting arranges
array elements
into a particular
order, such as
ascending or
descending
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Interchange sorts
swap values in an
array

We want this algorithm to use only the one array a5IVT UIFPOMZXBZ
we can move an array element without losing any of the other elements is to
make it swap places with another element of the array. Any sorting algorithm
UIBUTXBQT PSJOUFSDIBOHFT WBMVFTJTDBMMFEBOinterchange sorting algorithm.
5IVT PVSTFMFDUJPOTPSUBMHPSJUINJTBOJOUFSDIBOHFTPSUJOHBMHPSJUIN
-FUTTUBSUXJUIBOFYBNQMFUPTFFIPXUIFBSSBZFMFNFOUTBSFJOUFSDIBOHFE
'JHVSF  TIPXT IPX BO BSSBZ JT TPSUFE CZ JOUFSDIBOHJOH WBMVFT #FHJOOJOH
FIGURE 7.5 Selection Sort
Unsorted array
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XJUIBOBSSBZPGVOTPSUFEWBMVFT XFMPDBUFUIFTNBMMFTUWBMVFJOUIFBSSBZ*O
PVSFYBNQMF UIJTWBMVFJTUIFJO a[4]4JODFXFXBOUUIJTTNBMMFTUWBMVFUP
CFGJSTUJOUIFBSSBZ XFJOUFSDIBOHFUIFWBMVFJO a[4] with the value in a[0].
"GUFSUIBUJOUFSDIBOHF UIFTNBMMFTUWBMVFJTJOa[0] where it belongs.
5IFOFYUTNBMMFTUWBMVFJOUIFBSSBZJTUIFJOa[6]. It needs to be second in
UIFBSSBZ TPXFJOUFSDIBOHFUIFWBMVFJO a[6] with the value in a[1]. After that
TXBQ UIFWBMVFTJOa[0] and a[1]BSFUIFTNBMMFTUBOEOFYUTNBMMFTUWBMVFT XIJDI
is what they should be in the final sorted array. The algorithm then interchanges
UIFOFYUTNBMMFTUFMFNFOUXJUIa[2] and so forth until the entire array is sorted.
'JOEJOHUIFTNBMMFTUWBMVFJOBOBSSBZJTBOBMPHPVTUPGJOEJOHUIFMBSHFTU
WBMVF BOEXFEJEUIBUJOUIFNFUIPEcomputeStatsJO-JTUJOH#VUIPXEP
XFGJOEUIFTFDPOETNBMMFTUWBMVF UIFUIJSETNBMMFTU BOETPPO "GUFSGJOEJOH
the smallest value among a[0]  a[1] . . .  a[n] and placing it into a[0] UIF
second smallest value in the array a is the smallest value among a[1] . . . 
a[n]. After placing it into a[2]  UIF UIJSE TNBMMFTU WBMVF JO a is the smallest
value among a[2] . . . a[n] BOETPPO
The following pseudocode describes the selection sort algorithm:
Algorithm for a selection sort of an array
for (index = 0; index <a.length − 1; index++)
{
// Place the correct value in a[index]:
indexOfNextSmallest = the index of the smallest value among
a[index], a[index+1],...,
a[a.length - 1]
Interchange the values of a[index] and
a[indexOfNextSmallest].
//Assertion: a[0] <= a[1] <= ... <= a[index] and these
//are the smallest of the original array elements.
//The remaining positions contain the rest of the
//original array elements.
}

Notice that we effectively have two regions of the array: One region is
TPSUFE BOEUIFPUIFSJTOPU5IFBTTFSUJPOJOPVSBMHPSJUINJNQMJFTUIBUUIF
sorted region encompasses the elements a[0] through a[index]. Notice that
this assertion is true after each iteration of the loop. We repeatedly find the
smallest value in the unsorted region and move it to the end of the sorted
SFHJPOCZTXBQQJOHFMFNFOUT5IVT UIFTPSUFESFHJPOHSPXTCZPOFFMFNFOUBU
FBDISFQFUJUJPOPGUIFMPPQ XIJMFUIFVOTPSUFESFHJPOTISJOLTCZPOFFMFNFOU
*O'JHVSF UIFTPSUFESFHJPOJTTIBEFECMVF
Note that the for loop ends after correctly filling the element
a[a.length − 2] FWFOUIPVHIUIFJOEFYPGUIFMBTUBSSBZFMFNFOUJTa.length − 1.
"GUFSUIFBMHPSJUINHFUTBMMCVUPOFFMFNFOUTPSUFE UIFDPSSFDUWBMVFGPSUIF
last element a[a.length − 1] is already in a[a.length − 1].
-JTUJOHDPOUBJOTBDMBTTEFGJOJOHBTUBUJDNFUIPEOBNFEselectionSort
that implements this selection sort algorithm. The method uses two private
helping methods named getIndexOfSmallest and interchange. Once you
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Pseudocode for a
selection sort
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VOEFSTUBOE UIFTF QSJWBUF NFUIPET  ZPV XJMM TFF UIBU UIF EFGJOJUJPO PG UIF
method selectionSort is a direct translation of our pseudocode into Java code.
4PMFUTEJTDVTTUIFTFUXPQSJWBUFNFUIPET
LISTING 7.10 Implementation of the Selection Sort (part 1 of 2)
/**
Class for sorting an array of base type int from smallest to largest.
*/
public class ArraySorter
{
/**
Precondition: Every element in anArray has a value.
Action: Sorts the array into ascending order.
*/
public static void selectionSort(int[] anArray)
{
for (int index = 0; index < anArray.length − 1; index++)
{
// Place the correct value in anArray[index]
int indexOfNextSmallest = getIndexOfSmallest(index, anArray);
interchange(index, indexOfNextSmallest, anArray);
//Assertion:anArray[0] <= anArray[1] <=...<= anArray[index]
//and these are the smallest of the original array elements.
//The remaining positions contain the rest of the original
//array elements.
}
}
/**
Returns the index of the smallest value in the portion of the
array that begins at the element whose index is startIndex and
ends at the last element.
*/
private static int getIndexOfSmallest(int startIndex, int[] a)
{
int min = a[startIndex];
int indexOfMin = startIndex;
for (int index = startIndex + 1; index < a.length; index++)
{
if (a[index] < min)
{
min = a[index];
indexOfMin = index;
//min is smallest of a[startIndex] through a[index]
}
}
return indexOfMin;
}

(continued)
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LISTING 7.10 Implementation of the Selection Sort (part 2 of 2)
/**
Precondition: i and j are valid indices for the array a.
Postcondition: Values of a[i] and a[j] have been interchanged.
*/
private static void interchange(int i, int j, int[] a)
{
int temp = a[i];
a[i] = a[j];
a[j] = temp; //original value of a[i]
}
}

The method getIndexOfSmallest searches the array elements
a[startIndex], a[startIndex + 1], . . . , a[a.length - 1]

BOE SFUVSOT UIF JOEFY PG UIF TNBMMFTU POF *U EPFT UIJT VTJOH UIF UXP MPDBM
variables min and indexOfMin"UBOZQPJOUJOJUTTFBSDI  minJTFRVBMUPUIF
TNBMMFTUBSSBZWBMVFGPVOETPGBS BOE indexOfMinJTUIFJOEFYPGUIBUWBMVF Find the next
5IVT a[indexOfMin] has the value min*OJUJBMMZ min is set to a[startIndex]  smallest entry in
which is the first value considered for min  BOE indexOfMin is set to the array
startIndex. Then each array element is considered in turn to see whether it is
BOFXNJOJNVN*GJUJT UIFWBMVFTPGmin and indexOfMin are updated. After
DIFDLJOHBMMPGUIFDBOEJEBUFBSSBZFMFNFOUT UIFNFUIPESFUVSOTUIFWBMVFPG
indexOfMin.
The method named interchange interchanges the values of a[i] and a[j].
5IFSFJTPOFTVCUMFQPJOUBCPVUUIJTNFUIPE*GZPVFYFDVUFUIFDPEF
a[i] = a[j];

you will lose the value originally held in a[i] 4P CFGPSF UIJT TUBUFNFOU JT
FYFDVUFE XFNVTUTBWFUIFWBMVFPGa[i] in the local variable temp.
-JTUJOHDPOUBJOTBEFNPOTUSBUJPOQSPHSBNUIBUTIPXTUIFTFMFDUJPO
sort method in action.

Place the next
entry in its correct
position by
swapping

Other Sorting Algorithms
Although the selection sort algorithm will suffice as an introduction to the
HFOFSBMUPQJDPGTPSUJOH JUJTOPUUIFNPTUFGGJDJFOUTPSUJOHBMHPSJUIN*OGBDU JU
is significantly less efficient than a number of well-known sorting algorithms.
5IFTFMFDUJPOTPSUJT IPXFWFS NVDITJNQMFSUIBOUIFTFPUIFSBMHPSJUINT"
TJNQMFSBMHPSJUINJTMFTTMJLFMZUPIBWFFSSPSTDSFFQJOXIFOZPVDPEFJU4P
JGZPVOFFEUPDPEFBTPSUJOHBMHPSJUINJOBIVSSZ JUJTTBGFSUPVTFFJUIFSB
selection sort or some other simple algorithm.

Selection sort is
simple, but not
the fastest way
to sort
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LISTING 7.11 Demonstration of the Method selectionSort
public class SelectionSortDemo
{
public static void main(String[] args)
{
int[] b = {7, 5, 11, 2, 16, 4, 18, 14, 12, 30};
display(b, "before");
ArraySorter.selectionSort(b);
display(b, "after");
}
public static void display(int[] array, String when)
{
System.out.println("Array values " + when + " sorting:");
for (int i = 0; i < array.length; i++)
System.out.print(array[i] + " ");
System.out.println( );
}
}

Screen Output
Array values before sorting:
7 5 11 2 16 4 18 14 12 30
Array values after sorting:
2 4 5 7 11 12 14 16 18 30

0OUIFPUIFSIBOE JGFGGJDJFODZJTBNBKPSJTTVF ZPVNBZXJTIUPVTFB
NPSFDPNQMJDBUFEBOENPSFFGGJDJFOUBMHPSJUIN#VUCFBXBSFUIBUUIFNPSF
DPNQMJDBUFEBMHPSJUINXJMMUBLFMPOHFSUPDPEF UFTU BOEEFCVH&GGJDJFODZDBO
CFBTVCUMFUPQJD3FNFNCFS HFUUJOHUIFXSPOHSFTVMUJTBMXBZTJOFGGJDJFOU OP
NBUUFSIPXRVJDLMZZPVSQSPHSBNDBODPNFVQXJUIUIFSFTVMU
'PSUVOBUFMZ UIF+BWB$MBTT-JCSBSZQSPWJEFTGPSFGGJDJFOUTPSUJOH5IFDMBTT
Arrays JOUIFQBDLBHFjava.util EFGJOFTUIFTUBUJDNFUIPEsort. If anArray
JTBOBSSBZPGFJUIFSQSJNJUJWFWBMVFTPSPCKFDUT UIFTUBUFNFOU
Arrays.sort(anArray);

sorts the elements in the entire array into ascending order. To sort only the
QPSUJPO PG UIF BSSBZ CFHJOOJOH XJUI UIF JOEFY first and ending with the
JOEFYlast ZPVXPVMEXSJUF
Arrays.sort(anArray, first, last);

The class ArraysEFGJOFTTFWFSBMWFSTJPOTPGUIFNFUIPEUIBUJT UIFOBNFsort is
overloaded—to accommodate arrays of class types as well as all the primitive types.
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1SPHSBNNJOH 1SPKFDUT  BOE  BU UIF FOE PG UIJT DIBQUFS EFTDSJCF UXP
other sorting algorithms. A more efficient sorting algorithm—one similar to
the algorithm that Arrays.sort uses—is described in Chapter 11 when we
talk about recursion.

S E L F-TE S T QU E S TIO N S
 5SBDFUIFTUFQTUIBUBTFMFDUJPOTPSUUBLFTBTJUTPSUTUIFGPMMPXJOHBSSBZJOUP
BTDFOEJOHPSEFS
 8SJUF UIF JOWPDBUJPO PG UIF NFUIPE selectionSort to sort an array
myArray of integers into ascending order.
 )PXXPVMEZPVOFFEUPDIBOHFUIFNFUIPEselectionSort so that it can
sort an array of values of type double instead of type int
 )PX XPVME ZPV OFFE UP DIBOHF UIF NFUIPE selectionSort so that it
can sort an array of values of type int JOUP EFDSFBTJOH PSEFS  JOTUFBE PG
JODSFBTJOHPSEFS
 $POTJEFS BO BSSBZ b of int WBMVFT JO XIJDI B WBMVF PDDVST UXJDF 'PS
FYBNQMF  TVQQPTF  PDDVST JO CPUI b[0] and b[5]. If you sort the array
using the method selectionSort  XJMM UIF TPSUFE BSSBZ DPOUBJO POF PS
UXPDPQJFTPGUIFSFQFBUFEWBMVF

Searching an Array
The method isOnList of the class OneWayNoRepeatsList JO -JTUJOH 
searches the array entry to see whether it contains the value represented by
the parameter item 5IJT JT BO FYBNQMF PG B sequential search of an array.
5IF TFRVFOUJBM TFBSDI BMHPSJUIN JT WFSZ TJNQMF BOE TUSBJHIUGPSXBSE *U MPPLT
at the array elements from first to last to see whether the sought-after item is
FRVBMUPBOZPGUIFBSSBZFMFNFOUT5IFTFBSDIFOETXIFOFJUIFSUIFEFTJSFE
item is found in the array or the end of the array is reached without finding
UIFJUFN*OUIFMBUUFSDBTF PGDPVSTF UIFTFBSDIJTVOTVDDFTTGVM*GUIFBSSBZJT
QBSUJBMMZGJMMFE UIFTFBSDIDPOTJEFSTPOMZUIFQPSUJPOPGUIFBSSBZUIBUDPOUBJOT
meaningful values.
"TFRVFOUJBMTFBSDIDBOTFBSDIBOVOTPSUFEBSSBZ XIJDIJTBOBEWBOUBHF
PGUIJTTJNQMFBMHPSJUIN*G IPXFWFS UIFBSSBZJTTPSUFE XFDBOJNQSPWFUIF
TFRVFOUJBMTFBSDIJOTJUVBUJPOTJOXIJDIUIFEFTJSFEJUFNEPFTOPUFYJTUXJUIJO
UIF BSSBZ &YFSDJTF  BTLT ZPV UP XSJUF UIJT JNQSPWFE TFRVFOUJBM TFBSDI "O
FWFOGBTUFSBMHPSJUIN UIFCJOBSZTFBSDI JTQPTTJCMFGPSTPSUFEBSSBZT8FXJMM
study this algorithm in Chapter 11.

A sequential
search looks for
an array element
from beginning
to end
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7.5 MULTIDIMENSIONAL ARRAYS
Never trust to general impressions, my boy, but concentrate yourself upon details.
4*3"35)63$0/"/%0:-& A CASE OF IDENTITY (SHERLOCK HOLMES)

Two-dimensional
arrays use two
indices

"OBSSBZIBWJOHNPSFUIBOPOFJOEFYJTTPNFUJNFTVTFGVM'PSFYBNQMF TVQQPTF
ZPV XBOUFE UP TUPSF UIF EPMMBS BNPVOUT TIPXO JO 'JHVSF  JO TPNF TPSU PG
BSSBZ5IFIJHIMJHIUFEQBSUPGUIFUBCMFDPOUBJOTTVDIFOUSJFT*GZPVVTFBO
BSSBZUIBUIBTPOFJOEFY UIFMFOHUIPGUIFBSSBZXPVMECF,FFQJOHUSBDLPG
XIJDI FOUSZ HPFT XJUI XIJDI JOEFY OVNCFS XPVME CF EJGGJDVMU 0O UIF PUIFS
IBOE JGZPVBMMPXZPVSTFMGUXPJOEJDFT ZPVDBOVTFPOFJOEFYGPSUIFSPXPGUIJT
UBCMFBOEPOFJOEFYGPSUIFDPMVNO4VDIBOBSSBZJTJMMVTUSBUFEJO'JHVSF
"SSBZTUIBUIBWFFYBDUMZUXPJOEJDFTDBOCFEJTQMBZFEPOQBQFSBTBUXP
dimensional table and are called two-dimensional arrays #Z DPOWFOUJPO 
XF UIJOL PG UIF GJSTU JOEFY BT EFOPUJOH UIF SPX PG UIF UBCMF BOE UIF TFDPOE
JOEFYBTEFOPUJOHUIFDPMVNO/PUFUIBU BTXBTUSVFGPSUIFTJNQMFBSSBZTXF
IBWFBMSFBEZTFFO XFCFHJOOVNCFSJOHJOEJDFTXJUISBUIFSUIBO5IF+BWB
notation for an element of a two-dimensional array is
Array_Name[Row_Index][Column_Index]

'PSFYBNQMF JGUIFBSSBZJTOBNFEtableBOEJUIBTUXPJOEJDFT table[3][2]
JTUIFFOUSZXIPTFSPXJOEFYJTBOEDPMVNOJOEFYJT#FDBVTFJOEJDFTCFHJO
FIGURE 7.6 A Table of Values
Savings Account Balances for Various Interest Rates Compounded Annually
(Rounded to Whole Dollar Amounts)
Year

5.00%

5.50%

6.00%

6.50%

7.00%

7.50%

1

$1050

$1055

$1060

$1065

$1070

$1075

2

$1103

$1113

$1124

$1134

$1145

$1156

3

$1158

$1174

$1191

$1208

$1225

$1242

4

$1216

$1239

$1262

$1286

$1311

$1335

5

$1276

$1307

$1338

$1370

$1403

$1436

6

$1340

$1379

$1419

$1459

$1501

$1543

7

$1407

$1455

$1504

$1554

$1606

$1659

8

$1477

$1535

$1594

$1655

$1718

$1783

9

$1551

$1619

$1689

$1763

$1838

$1917

10

$1629

$1708

$1791

$1877

$1967

$2061
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FIGURE 7.7 Row and Column Indices for an Array
Named table
Column index 2

Row index 3

Indices

0

1

2

3

4

5

0

$1050

$1055

$1060

$1065

$1070

$1075

1

$1103

$1113

$1124

$1134

$1145

$1156

2

$1158

$1174

$1191

$1208

$1225

$1242

3

$1216

$1239

$1262

$1286

$1311

$1335

4

$1276

$1307

$1338

$1370

$1403

$1436

5

$1340

$1379

$1419

$1459

$1501

$1543

6

$1407

$1455

$1504

$1554

$1606

$1659

7

$1477

$1535

$1594

$1655

$1718

$1783

8

$1551

$1619

$1689

$1763

$1838

$1917

9

$1629

$1708

$1791

$1877

$1967

$2061

table[3][2] has
a value of 1262

BU UIJTFOUSZJTJOUIFGPVSUISPXBOEUIJSEDPMVNOPG table BT'JHVSF
illustrates. Trying to relate array indices to actual row and column numbers
gets confusing and is likely to be unnecessary.
"SSBZTIBWJOHNPSFUIBOPOFJOEFYBSFHFOFSBMMZDBMMFEmultidimensional n-dimensional
arrays. .PSF TQFDJGJDBMMZ  BO BSSBZ UIBU IBT n indices is said to be an n- array
dimensional array.5IVT BOPSEJOBSZPOFJOEFYBSSBZJTBone-dimensional
array."MUIPVHIBSSBZTIBWJOHNPSFUIBOUXPEJNFOTJPOTBSFSBSF UIFZDBOCF
useful for some applications.

Multidimensional-Array Basics
Arrays having multiple indices are handled in much the same way as oneEJNFOTJPOBM BSSBZT 5P JMMVTUSBUF UIF EFUBJMT  XF XJMM UBLF ZPV UISPVHI BO
FYBNQMF +BWB QSPHSBN UIBU EJTQMBZT BO BSSBZ MJLF UIF POF JO 'JHVSF  5IF Declaring and
QSPHSBN JT TIPXO JO -JTUJOH  5IF BSSBZ JT DBMMFE table. The following creating a twostatement declares the name table and creates the array:
dimensional array
int[][] table = new int[10][6];
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LISTING 7.12 Using a Two-Dimensional Array (part 1 of 2)
/**
A real application would do
Displays a two-dimensional table showing how something more with the
interest rates affect bank balances.
array table. This is just
*/
a demonstration program.
public class InterestTable
{
public static void main(String[] args)
{
int[][] table = new int[10][6];
for (int row = 0; row < 10; row++)
for (int column = 0; column < 6; column++)
table[row][column] =
getBalance(1000.00, row + 1, (5 + 0.5 *
column));
System.out.println("Balances for Various Interest Rates " +
"Compounded Annually");
System.out.println("(Rounded to Whole Dollar Amounts)");
System.out.println();
System.out.println("Years 5.00% 5.50% 6.00% 6.50% " +
"7.00% 7.50%");
for (int row = 0; row < 10; row++)
{
System.out.print((row + 1) + " ");
for (int column = 0; column < 6; column++)
System.out.print("$" + table[row][column] + " ");
System.out.println();
}
}
/**
Returns the balance in an account after a given number of years
and interest rate with an initial balance of startBalance.
Interest is compounded annually. The balance is rounded
to a whole number.
*/
public static int getBalance(double startBalance, int years,
double rate)
{
double runningBalance = startBalance;
for (int count = 1; count <= years; count++)
runningBalance = runningBalance * (1 + rate / 100);
return (int)(Math.round(runningBalance));
}
}

(continued)
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LISTING 7.12 Using a Two-Dimensional Array (part 2 of 2)
Sample Screen Output
Balances for Various Interest Rates Compounded Annually
(Rounded to Whole Dollar Amounts)
Years

5.00%

5.50%

6.00%

6.50%

7.00%

7.50%

1

$1050

$1055

$1060

$1065

$1070

$1075

2

$1103

$1113

$1124

$1134

$1145

$1156

3

$1158

$1174

$1191

$1208

$1225

$1242

4

$1216

$1239

$1262

$1286

$1311

$1335

5

$1276

$1307

$1338

$1370

$1403

$1436

6

$1340

$1379

$1419

$1459

$1501

$1543

7

$1407

$1455

$1504

$1554

$1606

$1659

8

$1477

$1535

$1594

$1655

$1718

$1783

9

$1551

$1619

$1689

$1763

$1838

$1917

10

$1629

$1708

$1791

$1877

$1967

$2061

The last line is out of alignment
because 10 has two digits. This
is easy to fix, but that would
clutter the discussion of arrays
with extraneous concerns.

5IJTJTFRVJWBMFOUUPUIFGPMMPXJOHUXPTUBUFNFOUT
int[][] table;
table = new int[10][6];

/PUF UIBU UIJT TZOUBY JT BMNPTU JEFOUJDBM UP UIF TZOUBY XF VTFE GPS UIF POF
EJNFOTJPOBMDBTF5IFPOMZEJGGFSFODFJTUIBUXFBEEFEBTFDPOEQBJSPGTRVBSF
CSBDLFUTJOUXPQMBDFT BOEXFHBWFBOVNCFSTQFDJGZJOHUIFTJ[FPGUIFTFDPOE
EJNFOTJPO  UIBU JT  UIF OVNCFS PG DPMVNOT :PV DBO IBWF BSSBZT XJUI BOZ
OVNCFSPGJOEJDFT5PHFUNPSFJOEJDFT ZPVKVTUVTFNPSFTRVBSFCSBDLFUTJO
the declaration.
*OEFYFE WBSJBCMFT GPS NVMUJEJNFOTJPOBM BSSBZT BSF KVTU MJLF JOEFYFE
WBSJBCMFTGPSPOFEJNFOTJPOBMBSSBZT FYDFQUUIBUUIFZIBWFNVMUJQMFJOEJDFT 
FBDIFODMPTFEJOBQBJSPGTRVBSFCSBDLFUT5IJTJTJMMVTUSBUFECZUIFGPMMPXJOH
forMPPQGSPN-JTUJOH
for (int row = 0; row < 10; row++)
for (int column = 0; column < 6; column++)
table[row][column] = getBalance(1000.00, row + 1,
(5 + 0.5 * column));

Using nested
loops to process a
two-dimensional
array
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Note that we used two for MPPQT  POF OFTUFE XJUIJO UIF PUIFS  XIJDI JT
B DPNNPO XBZ PG TUFQQJOH UISPVHI BMM UIF JOEFYFE WBSJBCMFT JO B UXP
EJNFOTJPOBM BSSBZ *G XF IBE UISFF JOEJDFT  XF XPVME VTF UISFF OFTUFE for
MPPQT BOETPGPSUIGPSIJHIFSOVNCFSTPGJOEJDFT5IFJMMVTUSBUJPOJO'JHVSF
 NBZ IFMQ ZPV VOEFSTUBOE UIF NFBOJOH PG UIF JOEJDFT JO table[row]
[column] and the meaning of the nested for loops.
-JLFJOEFYFEWBSJBCMFTGPSPOFEJNFOTJPOBMBSSBZT JOEFYFEWBSJBCMFT
for multidimensional arrays are variables of the base type and can be
VTFE BOZXIFSF UIBU B WBSJBCMF PG UIF CBTF UZQF JT BMMPXFE 'PS FYBNQMF 
UIFJOEFYFEWBSJBCMFtable[3][2]JOUIFBSSBZJO-JTUJOHJTBWBSJBCMF
of type int and can be used anywhere that an ordinary int variable can
be used.

RECAP Declaring and Creating a Multidimensional Array
You declare a name for a multidimensional array and then create the
array in basically the same way that you declare and create a onedimensional array. You simply use as many square brackets as there
are indices.
SYNTAX
Base_Type[]...[]Array_Name = new Base_Type[Length_1]...
[Length_n];

EXAMPLES
char[][] page = new char[100][80];
int[][] table = new int[10][6];
double[][][]threeDPicture = new double[10][20][30];
SomeClass[][]entry = new SomeClass[100][80];
SomeClass is a class.

Multidimensional-Array Parameters
and Returned Values
Array parameters
and return
values can be
multidimensional

Methods can have parameters and return values that are multidimensional
BSSBZT5IFTJUVBUJPOJTTJNJMBSUPUIBUPGBPOFEJNFOTJPOBMBSSBZ FYDFQUUIBU
ZPVVTFNPSFTRVBSFCSBDLFUT'PSFYBNQMF UIFQSPHSBNJO-JTUJOHJTMJLF
UIFPOFJO-JTUJOH CVUJUIBTBNFUIPEUPEJTQMBZUIFUXPEJNFOTJPOBM
array passed to it as an argument. Note that the type for the array parameter is
int[][]. We have also used named constants instead of literals to define the
number of rows and columns.

7.5 Multidimensional Arrays

LISTING 7.13 A Multidimensional-Array Parameter
/**
Displays a two-dimensional table showing how interest
rates affect bank balances.
*/
public class InterestTable2
{
public static final int ROWS = 10;
public static final int COLUMNS = 6;
public static void main(String[] args)
{
int[][] table = new int[ROWS][COLUMNS];
for (int row = 0; row < ROWS; row++)
for (int column = 0; column < COLUMNS; column++)
table[row][column] =
getBalance(1000.00, row + 1, (5 + 0.5 * column));
System.out.println("Balances for Various Interest Rates " +
"Compounded Annually");
System.out.println("(Rounded to Whole Dollar Amounts)");
System.out.println();
System.out.println("Years 5.00% 5.50% 6.00% 6.50% 7.00% 7.50%");
showTable(table);
}
/**
Precondition: The array anArray has ROWS rows and COLUMNS columns.
Postcondition: The array contents are displayed with dollar signs.
*/
A better definition of
public static void showTable(int[][] anArray)
showTable is
{
possible,
as you will see.
for (int row = 0; row < ROWS; row++)
{
System.out.print((row + 1) + " ");
for (int column = 0; column < COLUMNS; column++)
System.out.print("$" + anArray[row][column] + " ");
System.out.println();
}
}
public static int getBalance(double startBalance, int years, double rate)
<The rest of the definition of getBalance is the same as in Listing 7.12.>
}

The output is the same
as in Listing 7.12.
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*G ZPV XBOU UP SFUVSO B NVMUJEJNFOTJPOBM BSSBZ  ZPV VTF UIF TBNF TPSU
PGUZQFTQFDJGJDBUJPOBTZPVVTFGPSBNVMUJEJNFOTJPOBMBSSBZQBSBNFUFS'PS
FYBNQMF UIFGPMMPXJOHNFUIPESFUVSOTBUXPEJNFOTJPOBMBSSBZXIPTFCBTF
type is double:

Returning an
array

/**
Precondition: Each dimension of startArray is the value
of size.
Postcondition: The array returned is a copy of the array
startArray.
*/
public static double[][] copy(double[][] startArray, int size)
{
double[][] temp = new double[size][size];
for (int row = 0; row < size; row++)
for (int column = 0; column < size; column++)
temp[row][column] = startArray[row][column];
return temp;
}

RECAP Multidimensional-Array Parameters and Return Types
A parameter or return type of a method can be an entire multidimensional
array. The syntax for the method’s heading is like that for one-dimensionalarray parameters or return types, but you use more square brackets []:
SYNTAX
public static Return_Type Method_Name(Base_Type[]...[]
Parameter_Name)

or
public static Base_Type[]...[] Method_Name(Parameter_List)

You can use other modifiers instead of public and static.
EXAMPLES
public static int getOneElement(char[][] a, int row,
int column)
public void readArray (int[][] anArray)
public static char[][] copy(char[][] array)
public int[][] getArray()

7.5 Multidimensional Arrays
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Arrays of arrays

The Java compiler represents a multidimensional array as several oneEJNFOTJPOBMBSSBZT'PSFYBNQMF DPOTJEFSUIFUXPEJNFOTJPOBMBSSBZ
int[][] table = new int[10][6];

The array tableJTJOGBDUBPOFEJNFOTJPOBMBSSBZPGMFOHUI BOEJUTCBTF
type is the type int[]*OPUIFSXPSET NVMUJEJNFOTJPOBMBSSBZTBSFBSSBZTPG
BSSBZT/PSNBMMZ ZPVEPOPUOFFEUPCFDPODFSOFEXJUIUIJTEFUBJM TJODFJUJT
IBOEMFE BVUPNBUJDBMMZ CZ UIF DPNQJMFS )PXFWFS  B LOPXMFEHF PG IPX +BWB
stores multidimensional arrays can come in handy.
'PSFYBNQMF TVQQPTFZPVXBOUUPGJMMBUXPEJNFOTJPOBMBSSBZXJUIWBMVFT
by writing a forMPPQ5IFQSPHSBNJO-JTUJOHVTFTUIFOBNFEDPOTUBOUT
ROWS and COLUMNS to control the for loops. A more general way would use the
lengthJOTUBODFWBSJBCMFUPDPOUSPMUIFMPPQT#VUXIFOVTJOH length with a
NVMUJEJNFOTJPOBMBSSBZ ZPVOFFEUPUIJOLJOUFSNTPGBSSBZTPGBSSBZT
The following is a revision of the nested for loop that appears in the main
NFUIPEJO-JTUJOH
for (int row = 0; row <table.length; row++)
for (int column = 0;column< table[row].length; column++)
table[row][column]=
getBalance(1000.00,row + 1,(5 + 0.5 * column));

4JODFUIFBSSBZtableJTBDUVBMMZBPOFEJNFOTJPOBMBSSBZPGMFOHUI UIFGJSTUfor
loop can use table.length instead of ROWS XIJDIJT"EEJUJPOBMMZ FBDIPGUIF
JOEFYFEWBSJBCMFTtable[0] through table[9] is a one-dimensional array whose
length is 6 (COLUMNS)5IVT TJODF table[row] is a one-dimensional array whose
MFOHUIJT UIFTFDPOEfor loop can use table[row].length instead of COLUMNS.

REMEMBER The Instance Variable length for a
Two-Dimensional Array
For a two-dimensional array b, the value of b.length is the number
of rows, that is, the integer in the first pair of brackets in the array’s
declaration. The value of b[i].length is the number of columns, that
is, the integer in the second pair of brackets in the array’s declaration.
For the two-dimensional array table in Listing 7.13, the value of table.
length is the number of rows—in this case, 10—and the value of
table[row].length is the number of columns—in this case, 6.

You can use the fact that multidimensional arrays are arrays of arrays to
rewrite the method showTableJO-JTUJOH/PUJDFUIBUJO-JTUJOH UIF
method showTable assumes that its array argument has ROWS  SPXTBOE

Using length for
multidimensional
arrays
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Coding with twodimensional arrays
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COLUMNS   DPMVNOT 5IBU JT GJOF GPS UIJT QBSUJDVMBS QSPHSBN  CVU B CFUUFS
definition of showTable would work for an array of any two dimensions. We

MFBWFTVDIBSFWJTJPOGPSZPVBTBOFYFSDJTF 4FMG5FTU2VFTUJPO 

S E L F -TE S T QU ESTI ONS
 8IBUPVUQVUJTQSPEVDFECZUIFGPMMPXJOHDPEF
int[][] testArray = new int[3][4];
for (int row = 0; row < testArray.length; row++)
for (int col = 0;
col < testArray[row].length; col++)
testArray[row][col] = col;
for (int row = 0; row < testArray.length; row++)
{
for (int col = 0;
col < testArray[row].length; col++)
System.out.print(testArray[row][col] + " ");
System.out.println();
}

 3FWJTFUIFNFUIPE showTableJO-JTUJOHTPUIBUJUXJMMXPSLGPSBOZ
two-dimensional array of integers.
 8SJUFDPEFUIBUXJMMGJMMUIFGPMMPXJOHBSSBZ a with numbers typed at the
keyboard:
int[][] a = new int[4][5];

"MUIPVHI UIF VTFS XJMM FOUFS GJWF OVNCFST QFS MJOF PO GPVS MJOFT  ZPVS
solution need not depend on how the input numbers are divided into lines.
 8SJUFBvoid method called display such that the invocation display(a)
will display the contents of the array a JO 4FMG5FTU 2VFTUJPO  BT GPVS
lines of five numbers per line. Your method definition should also work
GPSUXPEJNFOTJPOBMBSSBZTUIBUIBWFTJ[FTPUIFSUIBOCZ8SJUFZPVS
method as a static method that can be added to a class.

Ragged Arrays (Optional)
*OPVSQSFWJPVTFYBNQMFTPGUXPEJNFOTJPOBMBSSBZT BMMSPXTIBWFUIFTBNFOVNCFS
PGFOUSJFT'PSFYBNQMF DPOTJEFSUIFUXPEJNFOTJPOBMBSSBZDSFBUFEBTGPMMPXT
int[][] a = new int[3][5];

5IJTTUBUFNFOUJTFRVJWBMFOUUPUIFGPMMPXJOHTUBUFNFOUT
int[][] a;
a = new int[3][];
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a[0] = new int[5];
a[1] = new int[5];
a[2] = new int[5];

The line
a = new int[3][];

declares a BT UIF OBNF PG BO BSSBZ PG MFOHUI  XIPTF FOUSJFT FBDI OBNF BO
BSSBZ UIBU DBO CF PG BOZ MFOHUI 5IF OFYU UISFF MJOFT FBDI DSFBUF BO BSSBZ PG
JOUFHFSTPGMFOHUIUPCFOBNFECZ a[0]  a[1] BOE a[2]. The net result is a
two-dimensional array of base type int with three rows and five columns.
The statements
a[0] = new int[5];
a[1] = new int[5];
a[2] = new int[5];

JOWJUF UIF RVFTUJPO i%P BMM UIF MFOHUIT OFFE UP CF  w 5IF BOTXFS JT i/Pw
#FDBVTFBUXPEJNFOTJPOBMBSSBZJO+BWBJTBOBSSBZPGBSSBZT JUTSPXTDBOIBWF
WBSZJOHOVNCFSTPGFOUSJFT5IBUJT EJGGFSFOUSPXTDBOIBWFEJGGFSFOUOVNCFST
PGDPMVNOT4VDIBOBSSBZJTDBMMFEBragged array. The following statements Rows in a twodimensional
define a ragged array b in which each row has a different length:
int[][] b;
b = new int[3][];
b[0] = new int[5]; //First row, 5 elements
b[1] = new int[7]; //Second row, 7 elements
b[2] = new int[4]; //Third row, 4 elements

array can have
different lengths

It is worth noting that after you fill the preceding array bXJUIWBMVFT ZPVDPVME
not display b using the method showTableBTEFGJOFEJO-JTUJOH)PXFWFS XF
DBOSFWJTFUIBUNFUIPE BT4FMG5FTU2VFTUJPOBTLFEZPVUPEP BTGPMMPXT
/**
anArray can be any two-dimensional array.
*/
public static void showTable(int[][] anArray)
{
for (int row = 0; row <anArray.length; row++)
{
System.out.print((row + 1) + " ");
for (int column = 0; column < anArray[row].length;
column++)
System.out.print("$" +
anArray[row][column] + " ");
System.out.println();
}
}

5IJTSFWJTFENFUIPEXPSLTGPSBOZUXPEJNFOTJPOBMBSSBZ FWFOJGJUJTSBHHFE

A revision of
the method
showTable from
Listing 7.13
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:PVDBOQSPGJUBCMZVTFSBHHFEBSSBZTJOTPNFTJUVBUJPOT CVUNPTUBQQMJDBUJPOT
EPOPUSFRVJSFUIFN)PXFWFS JGZPVVOEFSTUBOESBHHFEBSSBZT ZPVXJMMIBWFB
better understanding of how all multidimensional arrays work in Java.

PROGRAMMING EXAMPLE

Employee Time Records

*OUIJTQSPHSBNNJOHFYBNQMF BUXPEJNFOTJPOBMBSSBZOBNFE hours is used
to store the number of hours worked by each employee of a company for
FBDIPGUIFGJWFEBZT.POEBZUISPVHI'SJEBZ5IFGJSTUBSSBZJOEFYJTVTFEUP
EFTJHOBUFBEBZPGUIFXFFL BOEUIFTFDPOEBSSBZJOEFYJTVTFEUPEFTJHOBUFBO
employee. The two-dimensional array is a private instance variable in the class
named TimeBookHJWFOJO-JTUJOH5IFDMBTTJODMVEFTBNFUIPEmain that
demonstrates the class for a small company having only three employees. The
FNQMPZFFTBSFOVNCFSFE  BOECVUBSFTUPSFEBUBSSBZJOEFYQPTJUJPOT
    BOE   TJODF UIF BSSBZ JOEJDFT BSF OVNCFSFE TUBSUJOH XJUI  5IVT  BO
adjustment of minus 1 is sometimes needed when specifying an employee’s
BSSBZJOEFY8FDBOOVNCFSEBZTBTGPS.POEBZ GPS5VFTEBZ BOETPGPSUI
to avoid adjustments between day numbers and day indices.
'PS FYBNQMF  UIF IPVST XPSLFE CZ FNQMPZFF OVNCFS  PO 5VFTEBZ BSF
recorded in hours[1][2]5IFGJSTUJOEFYEFOPUFTUIFTFDPOEXPSLEBZPGUIF
XFFL5VFTEBZBOEUIFTFDPOEJOEFYEFOPUFTUIFUIJSEFNQMPZFF

FAQ This is confusing. Why don’t we avoid 0 indices, as we did
earlier for one-dimensional arrays?
For a one-dimensional array a, we suggested that you could ignore a[0] if
you defined one extra array element. Wasting one memory location that
contains an address is not really a big deal. But with a two-dimensional
array, if we ignore elements whose indices include 0, we would waste either
an entire row, an entire column, or both a row and a column. In general,
doing so is not a good idea. We will not avoid 0 indices in this example.

FAQ Can we use an enumeration somehow?
Yes, we could define an enumeration for the days of the workweek, as
follows:
enum Days {MON, TUE, WED, THU, FRI}

Recall that the ordinal value of MON is 0, the ordinal value of TUE is 1, and
so on. Using an enumeration can make our program easier to understand.
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*OTUFBEPGVTJOHBOFOVNFSBUJPOGPSUIFXPSLEBZT XFXJMMTJNQMZEFGJOF
GJWFOBNFEDPOTUBOUT BTGPMMPXT BOEVTFUIFNBTJOEJDFT
private static final int MON = 0;
private static final int TUE = 1;
...
private static final int FRI = 4;

The class TimeBook TIPXO JO -JTUJOH  JT OPU ZFU DPNQMFUF *U OFFET
NPSFNFUIPETUPCFBSFBMMZVTFGVMDMBTT CVUJUIBTFOPVHINFUIPETGPSUIF
demonstration program in main. You can think of the definition in Listing
 BT B GJSTU QBTT BU XSJUJOH UIF DMBTT EFGJOJUJPO *U FWFO IBT B TUVC GPS UIF setHours is a
definition of the method setHours. Recall that a stub is a method whose stub
definition can be used for testing but is not yet the final definition. At this
TUBHF IPXFWFS  setHours is complete enough to illustrate the use of the twodimensional array hours XIJDIJTBOJOTUBODFWBSJBCMFPGUIFDMBTT
In addition to the two-dimensional array hours UIFDMBTTTimeBook uses two
one-dimensional arrays as instance variables: The array weekHours records the
UPUBMIPVSTFBDIFNQMPZFFXPSLTJOBXFFL5IBUJT  weekHours[0] is the total
OVNCFSPGIPVSTXPSLFECZFNQMPZFFJOUIFXFFL  weekHours[1] is the total
OVNCFS PG IPVST XPSLFE CZ FNQMPZFF  JO UIF XFFL  BOE TP GPSUI 5IF BSSBZ
dayHours records the total number of hours worked by all the employees on each
EBZPGUIFXFFL5IBUJT dayHours[MON] is the total number of hours worked on
.POEBZCZBMMPGUIFFNQMPZFFTDPNCJOFE  dayHours[TUE] is the total number
PGIPVSTXPSLFEPO5VFTEBZCZBMMPGUIFFNQMPZFFT BOETPPO
LISTING 7.14 A Timekeeping Program (part 1 of 4)
/**
Class that records the time worked by each of a
company's employees during one five-day week.
A sample application is in the main method.
*/
public class TimeBook
{
private int numberOfEmployees;
private int[][] hours;
//hours[i][j] has the hours for
//employee j on day i.
private int[] weekHours; //weekHours[i] has the week's
//hours worked for employee i + 1.
private int[] dayHours; //dayHours[i] has the total hours
//worked by all employees on day i.
private static final int NUMBER_OF_WORKDAYS = 5;
private static final int MON = 0;
private static final int TUE = 1;
private static final int WED = 2;
private static final int THU = 3;
private static final int FRI = 4;

(continued)

544

CHAPTER 7 / Arrays

LISTING 7.14 A Timekeeping Program (part 2 of 4)
/**
Reads hours worked for each employee on each day of the
work week into the two-dimensional array hours. (The method
for input is just a stub in this preliminary version.)
Computes the total weekly hours for each employee and
the total daily hours for all employees combined.
*/
public static void main(String[] args)
{
private static final int NUMBER_OF_EMPLOYEES = 3;
TimeBook book = new TimeBook(NUMBER_OF_EMPLOYEES);
book.setHours();
A class generally has more
book.update();
methods. We have defined only
book.showTable();
the methods used in main.
}
public TimeBook(int theNumberOfEmployees)
{
numberOfEmployees = theNumberOfEmployees;
hours = new int[NUMBER_OF_WORKDAYS][numberOfEmployees];
weekHours = new int[numberOfEmployees];
dayHours = new int[NUMBER_OF_WORKDAYS];
}
The final program would

replace the stub setHours
with a complete method to
obtain the employee data
public void setHours() //This is a stub.
from the user.
{
hours[0][0]
hours[1][0]
hours[2][0]
hours[3][0]
hours[4][0]

=
=
=
=
=

8;
8;
8;
8;
8;

hours[0][1]
hours[1][1]
hours[2][1]
hours[3][1]
hours[4][1]

=
=
=
=
=

0;
0;
8;
8;
8;

hours[0][2]
hours[1][2]
hours[2][2]
hours[3][2]
hours[4][2]

=
=
=
=
=

9;
9;
8;
4;
8;

}
public void update()
{
computeWeekHours();
computeDayHours();
}
private void computeWeekHours()
{
for (employeeNumber = 1; employeeNumber <=
numberOfEmployees; employeeNumber++)

(continued)
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LISTING 7.14 A Timekeeping Program (part 3 of 4)
{//Process one employee:
int sum = 0;
for (int day = MON; day <= FRI; day++)
sum = sum + hours[day][employeeNumber - 1];
//sum contains the sum of all the hours worked in
//one
//week by the employee with number employeeNumber.
weekHours[employeeNumber - 1] = sum;
}
}
private void computeDayHours()
{
for (int day = MON; day <= FRI; day++)
{//Process one day (for all employees):
int sum = 0;
for (int employeeNumber = 1;
employeeNumber <= numberOfEmployees;
employeeNumber++)
sum = sum + hours[day][employeeNumber - 1];
//sum contains the sum of all hours worked by all
//employees on one day.
dayHours[day] = sum;
}
}
The method showTable can and
should be made more robust. See
public void showTable()
Programming Project 6.
{
// heading
System.out.print("Employee ");
for (int employeeNumber = 1;
employeeNumber <= numberOfEmployees;
employeeNumber++)
System.out.print(employeeNumber + " ");
System.out.println("Totals");
System.out.println( );
// row entries
for (int day = MON; day <= FRI; day++)
{
System.out.print(getDayName(day) + " ");
for (int column = 0; column < hours[day].length;
column++)
System.out.print(hours[day][column] + " ");
System.out.println(dayHours[day]);
}

(continued)
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LISTING 7.14 A Timekeeping Program (part 4 of 4)
System.out.println( );
System.out.print("Total = ");
for (int column = 0; column < numberOfEmployees; column++)
System.out.print(weekHours[column] + " ");
System.out.println( );
}
//Converts 0 to "Monday", 1 to "Tuesday", etc.
//Blanks are inserted to make all strings the same length.
private String getDayName(int day)
{
String dayName = null;
switch (day)
{
case MON:
dayName = "Monday ";
break;
case TUE:
dayName = "Tuesday ";
break;
case WED:
dayName = "Wednesday";
break;
case THU:
dayName = "Thursday ";
break;
case FRI:
dayName = "Friday ";
break;
default:
System.out.println("Fatal Error.");
System.exit(0);
break;
}
return dayName;
}
}

Sample Screen Output
Employee

1

2

3

Totals

Monday
Tuesday
Wednesday
Thursday
Friday
Total =

8
8
8
8
8
40

0
0
8
8
8
24

9
9
8
4
8
38

17
17
24
20
24
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FIGURE 7.8 Arrays for the Class TimeBook
Column index 0,
used for employee number 1

Row index 2,
used for Wednesday
(the third day)

Indices

0

1

2

0

8

0

9

1

8

0

9

2

8

8

8

3

8

8

4

4

8

8

8

hours[2][0]has a value of 8,

indicating that on Wednesday
employee 1 worked 8 hours.

The total hours worked on
Tuesday (row index 1) by
all employees is 17,so
dayHours[1] is
set to 17.

The total hours worked by employee 3
(column index 2) is 38, so
weekHours[2] is set to 38.

The methods computeWeekHours and computeDayHours compute the
values for weekHours and dayHours SFTQFDUJWFMZ GSPNUIFWBMVFTJOUIFUXP
dimensional array hours 'JHVSF  TIPXT TPNF TBNQMF EBUB GPS UIF BSSBZ
hours and illustrates the relationship between hours and each of the arrays
weekHours and dayHours.
#F TVSF UP OPUJDF IPX UIF NFUIPE computeWeekHours uses the array
indices of the two-dimensional array hours. A for loop is nested inside of a
for loop. The outer forMPPQDZDMFTUISPVHIBMMFNQMPZFFT BOEUIFJOOFSfor
MPPQJTFYFDVUFEPODFGPSFBDIEBZPGUIFXFFL5IFJOOFSfor loop—together
with an assignment statement before and after—is reproduced here:
int sum = 0;
for (int day = MON; day <= FRI; day++)
sum = sum + hours[day][employeeNumber − 1];
//sum contains the sum of all the hours worked in
//one week by the employee with number employeeNumber.
weekHours[employeeNumber − 1] = sum;

Using named
constants to make
the loop clearer

/PUF UIBU XIFO DPNQVUJOH UIF TVN PG UIF IPVST GPS POF FNQMPZFF  UIF
TFDPOEJOEFY XIJDISFQSFTFOUTUIFQBSUJDVMBSFNQMPZFF JTIFMEDPOTUBOU
The method computeDayHours works in a similar way to compute the
total number of hours worked by all employees on each day of the week.
)PXFWFS  JO UIJT DBTF  UIF JOOFS for MPPQ DZDMFT UISPVHI UIF TFDPOE JOEFY
XIJMFUIFGJSTUJOEFYJTIFMEDPOTUBOU0S UPQISBTFJUBOPUIFSXBZ UIFSPMFTPG
UIFFNQMPZFFJOEFYBOEUIFEBZPGUIFXFFLJOEFYBSFJOUFSDIBOHFE
Although our class TimeBookJTDPSSFDUBTXSJUUFO JUJTOPUZFUBGJOJTIFEQJFDF TimeBook needs
of software ready to be saved and reused again and again. The method setHours to be completed

548

CHAPTER 7 / Arrays

is just a stub and needs to be replaced by a more generally applicable method
that obtains hours from the user at the keyboard. The method showTable will
OPUBMXBZTQSPEVDFPVUQVUUIBUJTBTOFBUBTUIFPVUQVUTIPXOJO-JTUJOH 
VOMFTTBMMUIFIPVSTIBWFUIFTBNFOVNCFSPGEJHJUT5IVT UIFNFUIPEshowTable
needs to be made more robust so that it will neatly display any combination of
IPVSTXPSLFE'JOBMMZ UIFDMBTT TimeBook should have more methods so that it
XJMMCFVTFGVMJOBXJEFSBOHFPGTJUVBUJPOT1SPHSBNNJOH1SPKFDUBTLTZPVUP
complete the definition of the class TimeBook in all of these ways.

7.6 GRAPHICS SUPPLEMENT
Write your answer in the space provided.
8&#1"(&*/4536$5*0/

polygon n. A closed plane figure bounded by three or more line segments.
—THE AMERICAN HERITAGE DICTIONARY OF THE ENGLISH LANGUAGE '0635)&%*5*0/

5IF GJSTU QBSU PG UIJT TFDUJPO DPWFST UFYU BSFBT BOE UFYU GJFMET  XIJDI BSF
DPNQPOFOUTUIBUDBOCFVTFEGPSUFYUJOQVUBOEPVUQVUJOZPVSBQQMFUT*UEPFT
OPUSFRVJSFBOZNBUFSJBMGSPNFBSMJFSJOUIJTDIBQUFSBOETPNBZCFSFBEFWFO
if you do not read the main body of this chapter. The remainder of this section
shows you how to draw a very general kind of figure known as a polygon. It
EPFTSFRVJSFUIFCBTJDNBUFSJBMPOBSSBZTDPWFSFEFBSMJFSJOUIJTDIBQUFS

Text Areas and Text Fields

Text I/O can
appear in a text
area or a text
field

A text area is a window-like area in an applet or application that can be used
GPSUFYUJOQVUBOEUFYUPVUQVU"UFYUBSFBDBOIBWFSPPNGPSBOZOVNCFSPG
lines and any number of characters per line. A text field is similar but has
SPPNGPSPOMZPOFMJOFPGUFYU'PSFYBNQMF UIFVTFSDBOBTLBRVFTUJPOJOUIF
UFYUBSFBPGBOBQQMFU5IFBQQMFUDBOUIFOEJTQMBZBOBOTXFSUPUIFRVFTUJPO
JOUIFTBNFUFYUBSFB8FXJMMXSJUFTVDIBOBQQMFUJOUIFOFYUQSPHSBNNJOH
FYBNQMF8FXJMMGJSTUEJTDVTTXIBUIBQQFOTXIFOUIJTBQQMFUJTSVOBOEUIFO
EFTDSJCFUIFEFUBJMTPGVTJOHUFYUBSFBTBOEUFYUGJFMETJOHFOFSBM

PROGRAMMING EXAMPLE

A Question-and-Answer
Applet

5IFBQQMFUJO-JTUJOHBOTXFSTBRVFTUJPO BOZLJOEPGRVFTUJPOXIBUTPFWFS
5IFVTFSIJHIMJHIUTUIFUFYUJOUIFUFYUBSFB VTJOHBNPVTF BOEUIFOUZQFTJO
BOZRVFTUJPO"UUIBUQPJOUUIFUFYUBSFBDPOUBJOTUIFRVFTUJPOBOEOPUIJOHFMTF
5PHFUBOBOTXFS UIFVTFSDMJDLTUIFGet AnswerCVUUPO)PXFWFS DMJDLJOHUIJT

7.6 Graphics Supplement

CVUUPO EPFT OPU QSPEVDF BO BOTXFS SJHIU BXBZ *OTUFBE  PUIFS UFYU BQQFBST
JOUIFUFYUBSFB BTLJOHGPSBEWJDFJOGJOEJOHUIFBOTXFS5IFVTFSUIFOFOUFST
TPNF BEWJDF JOUP UIF UFYU GJFME BOE DMJDLT UIF Send Advice CVUUPO 'JOBMMZ 
UIFBQQMFUHJWFTBOBOTXFSJOUIFUFYUGJFME"GUFSSFBEJOHUIFBOTXFS UIFVTFS
clicks the ResetCVUUPO XIJDINBLFTUIFBQQMFUMPPLUIFTBNFBTXIFOJUXBT
first run. The user is then supposed to leave the applet running so that another
VTFS DBO BTL BOPUIFS RVFTUJPO 5IJT DBO QSPDFFE GPS BOZ OVNCFS PG VTFST
BTLJOHRVFTUJPOT HJWJOHBEWJDF BOEHFUUJOHBOTXFST
LISTING 7.15 An Applet with a Text Area (part 1 of 2)
import
import
import
import
import
import
import
import

javax.swing.JApplet;
javax.swing.JButton;
javax.swing.JLabel;
javax.swing.JTextArea;
java.awt.Container;
java.awt.FlowLayout;
java.awt.event.ActionEvent;
java.awt.event.ActionListener;

public class Oracle extends JApplet implements ActionListener
{
public static int LINES = 5;
public static int CHAR_PER_LINE = 40;
private
private
private
private

JTextArea theText;
String question;
String answer;
String advice;

public void int()
{
Container contentPane = getContentPane();
contentPane.setLayout(new FlowLayout());
JLabel instructions=
new JLabel("I will answer any question, " +
"but may need some advice from you.");
contentPane.add(instructions);
JButton getAnswerButton = new JButton("Get Answer");
getAnswerButton.addActionListener(this);
contentPane.add(getAnswerButton);
JButton sendAdviceButton = new JButton("Send Advice");
sendAdviceButton.addActionListener(this);
contentPane.add(sendAdviceButton);
JButton resetButton = new JButton("Reset");
resetButton.addActionListener(this);
contentPane.add(resetButton);

(continued)
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LISTING 7.15 An Applet with a Text Area (part 2 of 2)
theText = new JTextArea(LINES, CHAR_PER_LINE);
theText.setText("Questions and advice go here.");
contentPane.add(theText);
answer = "The answer is: Look around."; //first answer
}
public void actionPerformed(ActionEvent e)
{
String actionCommand = e.getActionCommand();
if (actionCommand.equals("Get Answer"))
{
question = theText.getText();
theText.setText("That is a difficult question.\n" +
"Please give me some advice\n" +
"and click the Send Advice button.");
}
else if (actionCommand.equals("Send Advice"))
{
advice = theText.getText();
theText.setText("That advice helped.\n" +
"You asked the question: " + question +
"\n" + answer +
"\nClick the Reset button and" +
"\nleave the program on for others.");
answer = "The answer is: " + advice;
}
else if (actionCommand.equals("Reset"))
{
theText.setText("Questions and advice go here.");
}
else
theText.setText("Error");
}
}

Applet Output

This is the text area.

The positions of the buttons will vary
depending on local conditions on your
computer. To clean up the display, use
your mouse to resize the applet window.

7.6 Graphics Supplement
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4VQQPTFUIFSFBSFBOVNCFSPGVTFSTXIPXBOUUPBTLRVFTUJPOT*GZPVBSF
BMMPXFEPOMZPOFRVFTUJPO BGUFSXIJDIZPVNVTUHPUPUIFCBDLPGUIFMJOFPG
VTFSTXBJUJOHUPBTLRVFTUJPOT UIFBQQMFUTFFNTQSFUUZTNBSU)PXFWFS JGZPV
TUBOEBTJEFBOEXBUDIUIFVTFST ZPVRVJDLMZSFBMJ[FUIBUUIFBEWJDFHJWFOCZ
POFVTFSJTVTFEBTUIFBOTXFSGPSUIFOFYUVTFS/PUBWFSZGBODZUSJDL CVUB
HPPEFYBNQMFPGVTJOHBUFYUBSFBGPSJOQVUBOEPVUQVU5IFEFUBJMTBCPVUUIF
UFYUBSFBJO-JTUJOHBOEBCPVUUFYUBSFBTBOEGJFMETJOHFOFSBMBSFHJWFOJO
UIFOFYUTFDUJPO

The Classes JTextArea and JTextField
" UFYU BSFB JT BO PCKFDU PG UIF DMBTT JTextArea and is displayed as a place
GPSUIFVTFSUPFOUFSTFWFSBMMJOFTPGUFYU5IFBQQMFUJO-JTUJOHVTFTUIF
GPMMPXJOHDPEFUPDSFBUFBUFYUBSFBOBNFE theText in which the user asks a
RVFTUJPOBOESFDFJWFTBOBOTXFS
private JTextAreatheText;
...
theText = new JTextArea(LINES, CHAR_PER_LINE);

The object theText JT B QSJWBUF JOTUBODF WBSJBCMF  BOE UIF JOWPDBUJPO PG
JTextArea’s constructor takes place inside the init method of the applet. The
arguments LINES and CHAR_PER_LINEBSFOBNFEDPOTUBOUTUIBU SFTQFDUJWFMZ 
indicate the minimum number of lines and the minimum number of
DIBSBDUFSTQFSMJOFEFTJSFEJOUIFUFYUBSFB'PSUIJTBQQMFU UIFUFYUBSFBXJMM
IBWFSPPNGPSBUMFBTUMJOFTBOEBUMFBTUDIBSBDUFSTQFSMJOF5IFVTFSDBO
UZQF NPSF UIBO  MJOFT PG UFYU PS MJOFT MPOHFS UIBO  DIBSBDUFST JO UIF UFYU
BSFB CVUUIFBEEJUJPOBMUFYUNJHIUOPUCFWJTJCMF
"OBQQMFUDBOCPUISFBEUFYUGSPNUIFUFYUBSFBBOEEJTQMBZUFYUJOUIFUFYU
area. The method getTextSFUVSOTUIFUFYUFOUFSFEJOUIFUFYUBSFBCZUIFVTFS
'PSFYBNQMF UIFGPMMPXJOHTUBUFNFOUGSPN-JTUJOHTFUTBString variable
named questionUPXIBUFWFSTUSJOHJTJOUIFUFYUBSFBtheText at the time that
the getText method is invoked:
question = theText.getText();

The method setTextEJTQMBZTBOFXUFYUTUSJOHJOBUFYUGJFME'PSFYBNQMF 
UIF GPMMPXJOH TUBUFNFOU  BMTP GSPN -JTUJOH   XJMM DBVTF UIF UFYU BSFB
theTextUPDIBOHFUIFUFYUJUEJTQMBZT
theText.setText("That is a difficult question.\n" +
"Please give me some advice\n" +
"and click the Send Advice button.");

5IFUFYUEJTQMBZFEJOUIFUFYUBSFBXJMMCFDIBOHFEUPUIFHJWFOTUSJOH/PUJDF
that the string has two line-break characters and so will be displayed as three
MJOFTPGUFYU

getText gets
input from a text
area

setText writes
text into a text
area
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Text fields are like
text areas, but
smaller

"UFYUGJFMEJTBOPCKFDUPGUIFDMBTT JTextField. The details for creating
BOEVTJOHBUFYUGJFMEBSFUIFTBNFBTUIPTFGPSBUFYUBSFB FYDFQUUIBUBUFYU
GJFME IBT SPPN GPS POMZ POF MJOF PG UFYU DPOUBJOJOH B TQFDJGJFE OVNCFS PG
DIBSBDUFST BOEZPVVTFUIFDMBTTJTextField instead of JTextArea.
RECAP The Classes JTextArea and JTextField
The classes JTextArea and JTextField can be used to add areas for
changeable text to an applet or application. An object of the class
JTextArea has room for a specified number of lines and a specified
number of characters per line. An object of the class JTextField
has room for only one line that contains some specified number of
characters. More text can be typed into a text area or text field than is
specified in its size, but the extra text might not be visible.
EXAMPLES
//10 lines of 30 characters each
JTextAreasomeText = new JTextArea(10, 30);
getContentPane().add(someText);
//One line of 30 characters
JTextField name = new JTextField(30);
getContentPane().add(name);

RECAP The Methods getText and setText
Each of the classes JTextArea and JTextField define methods called
getText and setText. The method getText retrieves the text written in
the text area or text field. The method setText changes the text written
in the text area or text field.
EXAMPLE
//theText is an object of either JTextArea or JTextField
String question = theText.getText();
theText.setText("The answer is 42.");

S E L F -TE S T QU ESTI ON
 4VQQPTFtheText is an instance of JTextArea. Write some code that will take
UIFUFYUDVSSFOUMZJOtheTextBOESFQMBDFJUXJUIUIBUUFYUXSJUUFOUXPUJNFT
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Drawing Polygons
You can draw a rectangle in an applet using the Graphics method drawRect.
)PXFWFS BSFDUBOHMFIBTGPVSTJEFTBOEEFHSFF SJHIUBOHMF DPSOFST BOE
sometimes you want a figure with different angles and more or fewer sides.
A polygon is any closed figure made up of line segments that do not cross. A
SFDUBOHMFJTBTQFDJBMDBTFPGBGPVSTJEFEQPMZHPO CVUQPMZHPOTNBZIBWFBOZ
OVNCFSPGTJEFT BOEUIFBOHMFTCFUXFFOTJEFTOFFEOPUCFEFHSFFT
You can specify a polygon by giving the locations of the corners. The
polygon consists of the figure obtained by drawing lines between successive
corner points. A polylineJTTJNJMBSUPBQPMZHPO CVUJUJTOPUDMPTFE'JHVSF
illustrates the difference between a polygon and a polyline. The figure shows
GJWFQPJOUTMBCFMFEQUISPVHIQBOEGJWFMJOFTDPOOFDUJOHUIFTFQPJOUTUPGPSN
a polygon. The polyline has no line from the last point back to the first point.
The Graphics method drawPolygon enables you to draw any polygon.
5IFNFUIPESFRVJSFTUISFFBSHVNFOUT5IFGJSTUJTBOBSSBZPG ints specifying
the xDPPSEJOBUFTPGUIFQPJOUT UIFTFDPOEJTBOPUIFSBSSBZPG ints specifying the
corresponding yDPPSEJOBUFT PG UIF QPJOUT  BOE UIF UIJSE BSHVNFOU JT UIF
number of points. The two arrays contain the same number of values and can
CFQBSUJBMMZGJMMFE XIJDIJTXIZUIFUIJSEBSHVNFOUJTOFDFTTBSZ
The Graphics method fillPolygon is just like drawPolygon CVUJUGJMMTUIF
JOTJEF PG UIF QPMZHPO XJUI DPMPS -JLFXJTF  UIF NFUIPE drawPolyline is like
drawPolygon but does not connect the last two points in the arrays with a line.

FIGURE 7.9 A Polygon and a Polyline
p1
p2
p5

A polygon
p4
p3

p1
p2

p5

A polyline
p3

p4

A polygon is a
closed figure
composed of
straight lines
A polyline
connects points
with straight
lines, but is not
closed
drawPolygon,
fillPolygon, and
drawPolyline
are in the class
Graphics
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Listing 7.16 shows an applet that displays a simple picture of a house.
The house itself is a filled polygon drawn using fillPolygon, the window is
a polygon drawn using drawPolygon, and the door is a polyline drawn using
drawPolyline. Finally, drawString labels the drawing.
LISTING 7.16 An Applet with Polygons and a Polyline
import javax.swing.JApplet;
import java.awt.Color;
import java.awt.Graphics;
public class House extends JApplet
{
private int[] xHouse = {150, 150, 200, 250, 250};
private int[] yHouse = {100, 40, 20, 40, 100};
private int[] xDoor = {175, 175, 200, 200};
private int[] yDoor = {100, 60, 60, 100};
private int[] xWindow = {220, 220, 240, 240};
private int[] yWindow = {60, 80, 80, 60};
public void paint(Graphics canvas)
{
this.setBackground(Color.LIGT_GRAY);
canvas.setColor(Color.GREEN);
canvas.fillPolygon(xHouse, yHouse, xHouse.length);
canvas.setColor(Color.BLACK);
canvas.drawPolyline(xDoor, yDoor, xDoor.length);
canvas.drawPolygon(xWindow, yWindow, xWindow.length);
canvas.drawString("Home sweet home!", 150, 120);
}
}

Applet Output
The house is
a filled polygon.

The door is a
polyline.

The window is an ordinary
polygon.

7.6 Graphics Supplement

RECAP The Methods drawPolygon, fillPolygon,
and drawPolyline
The methods drawPolygon, fillPolygon, and drawPolyline are
methods in the class Graphics.
SYNTAX
canvas.drawPolygon(Array_Of_Xs, Array_Of_Ys, Number_Of_
Points);

Draws a polygon by connecting the points (Array_Of_Xs[i], Array_Of_
Ys[i]), for values of i ranging from 0 to Number_Of_Points, with line
segments.
EXAMPLES
private int[] xCoord = {150, 150, 200, 250, 250};
private int[] yCoord = {100, 40, 20, 40, 100};
...
canvas.drawPolygon(xCoord, yCoord, xCoord.length);

SYNTAX
canvas.drawPolygon(Array_Of_Xs, Array_Of_Ys, Number_Of_
Points);

Draws the same polygon as drawPolygon, but the inside of the polygon
is filled in.
EXAMPLE
canvas.fillPolygon(xCoord, yCoord, xCoord.length);

SYNTAX
canvas.fillPolygon(Array_Of_Xs, Array_Of_Ys,
Number_Of_Points);

Draws a polyline using the same points as specified for drawPolygon,
but no line segment is drawn from the last point to the first point, so the
figure is normally not closed.
EXAMPLE
canvas.drawPolyline(xCoord, yCoord, xCoord.length);
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S E L F -TE S T QU ESTI ON
 :PVDBOESBXBSFDUBOHMFVTJOHUIFNFUIPEdrawRect CVUZPVDPVMEBMTP
use drawPolygon. With canvasBTBDBMMJOHPCKFDU XSJUFBOJOWPDBUJPOPG
drawPolygonUIBUXJMMESBXBSFDUBOHMFQJYFMTIJHIBOEQJYFMTXJEF 
XIPTFVQQFSMFGUDPSOFSJTBUUIFQPJOU   

CHAPTER SUMMARY
■

An array can be thought of as a collection of variables all of the same type.

■

Arrays are objects that are created using the operator new BMUIPVHIUIFTZOUBYJTTMJHIUMZEJGGFSFOUGSPNUIBUVTFEXIFODSFBUJOHPCKFDUTPGBDMBTT

■

"SSBZFMFNFOUTBSFOVNCFSFETUBSUJOHXJUIBOEFOEJOHXJUIMFTTUIBOUIF
length of the array. If aJTBOBSSBZ  a[i]JTBOJOEFYFEWBSJBCMFPGUIFBSSBZ
5IFJOEFYiNVTUIBWFBWBMVFHSFBUFSUIBOPSFRVBMUPBOETUSJDUMZMFTTUIBO
a.length UIFBSSBZTMFOHUI*Gi has any other value when you run your proHSBN BOBSSBZJOEFYPVUPGCPVOETFSSPSXJMMPDDVS DBVTJOHBOFSSPSNFTTBHF

■

8IFOBOJOEFYFEWBSJBCMFJTVTFEBTBOBSHVNFOUUPBNFUIPE JUJTUSFBUFE
just like any other argument whose data type is the same as the array’s base
UZQF*OQBSUJDVMBS JGUIFCBTFUZQFJTBQSJNJUJWFUZQF UIFNFUIPEDBOOPU
DIBOHFUIFWBMVFPGUIFJOEFYFEWBSJBCMF CVUJGUIFCBTFUZQFJTBDMBTT UIF
NFUIPEDBODIBOHFUIFTUBUFPGUIFPCKFDUBUUIFJOEFYFEWBSJBCMF

■

You can pass an entire array to a method. The method can change the values
of an array of primitive values or the states of objects in the array.

■

A method’s return value can be an array.

■

8IFOZPVVTFPOMZQBSUPGBOBSSBZ ZPVOPSNBMMZTUPSFWBMVFTJOBOJOJUJBM
segment of the array and set an int variable to the number of these values.
*OUIJTDBTF ZPVIBWFBQBSUJBMMZGJMMFEBSSBZ

■

An accessor method that returns an array corresponding to a private instance
WBSJBCMFPGBOBSSBZUZQFTIPVMECFDBSFGVMUPSFUVSOBDPQZPGUIFBSSBZ BT
returning the private instance variable itself causes a privacy leak.

■

5IFTFMFDUJPOTPSUBMHPSJUINPSEFSTBOBSSBZPGWBMVFT TVDIBTOVNCFST JOUP
either increasing or decreasing order.

■

"SSBZTDBOIBWFNPSFUIBOPOFJOEFY BOETPBSFDBMMFENVMUJEJNFOTJPOBM
Multidimensional arrays are implemented in Java as arrays of arrays.

■

A two-dimensional array can be thought of as a two-dimensional table of
SPXTBOEDPMVNOT"OJOEFYFEWBSJBCMFPGTVDIBOBSSBZJTBOFMFNFOUXIPTF
SPXBOEDPMVNOBSFJOEJDBUFECZJUTJOEJDFT XIFSFUIFGJSTUJOEFYEFTJHOBUFT
UIFSPX BOEUIFTFDPOEJOEFYEFTJHOBUFTUIFDPMVNO

7.6 Graphics Supplement
■

:PVDBOJOTFSUUFYUGJFMETBOEUFYUBSFBTJOUPBOBQQMFUPSBQQMJDBUJPOUPQSPWJEFJUXJUIUFYUJOQVUBOEPVUQVU

■

You can draw arbitrary polygons and polylines in an applet or application.

Exercises
1. Write a program in a class NumberAboveAverage that counts the number of
days that the temperature is above average. Read ten temperatures from the
keyboard and place them in an array. Compute the average temperature
and then count and display the number of days on which the temperature
was above average.
2. Write a program in a class CountFamiles that counts the number of families whose income is below a certain value. Read an integer k from the
keyboard and then create an array of double values of size k. Read k values
representing family income from the keyboard and place them into the
BSSBZ 'JOE UIF NBYJNVN JODPNF BNPOH UIFTF WBMVFT 5IFO DPVOU UIF
GBNJMJFTUIBUNBLFMFTTUIBOQFSDFOUPGUIJTNBYJNVNJODPNF%JTQMBZ
this count and the incomes of these families.
  8SJUFBQSPHSBNJOBDMBTTCountPoor that counts the number of families that
are considered poor. Write and use a class Family that has the attributes
  t income—a double value that is the income for the family
  t size—the number of people in the family
and the following methods:
  t Family(income, size)—a constructor that sets the attributes
t i sPoor(housingCost, foodCost) —a method that returns true if
housingCost + foodCost * size is greater than half the family income
foodCostJTUIFBWFSBHFGPPEDPTUGPSBOJOEJWJEVBM XIJMFhousingCost
JTGPSUIFGBNJMZ
  t t
 oString—a method that returns a string containing the information
about the family
The program should read an integer k from the keyboard and then create
an array of size k whose base type is Family. It should then create k objects
of type FamilyBOEQVUUIFNJOUIFBSSBZ SFBEJOHUIFJODPNFBOETJ[FGPS
each family from the keyboard. After reading an average housing cost and
BWFSBHFGPPEDPTUGSPNUIFLFZCPBSE JUTIPVMEEJTQMBZUIFGBNJMJFTUIBUBSF
poor.
  8SJUFBQSPHSBNJOBDMBTTFlowerCounter that computes the cost of flowers
TPMEBUBGMPXFSTUBOE'JWFLJOETPGGMPXFSTQFUVOJB QBOTZ SPTF WJPMFU 
BOEDBSOBUJPOBSFTUPDLFEBOEDPTU SFTQFDUJWFMZ a a  a 
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BOEaQFSGMPXFS$SFBUFBOBSSBZPGTUSJOHTUIBUIPMETUIFOBNFTPGUIFTF
flowers. Create another array that holds the cost of each corresponding
GMPXFS:PVSQSPHSBNTIPVMESFBEUIFOBNFPGBGMPXFSBOEUIFRVBOUJUZ
desired by a customer. Locate the flower in the name array and use that
JOEFYUPGJOEUIFDPTUQFSTUFNJOUIFDPTUBSSBZ$PNQVUFBOEQSJOUUIF
total cost of the sale.
  8SJUFBQSPHSBNJOBDMBTTCharacterFrequency that counts the number of
times a digit appears in a telephone number. Your program should create
BOBSSBZPGTJ[FUIBUXJMMIPMEUIFDPVOUGPSFBDIEJHJUGSPNUP3FBE
BUFMFQIPOFOVNCFSGSPNUIFLFZCPBSEBTBTUSJOH&YBNJOFFBDIDIBSBDUFS
in the phone number and increment the appropriate count in the array.
%JTQMBZUIFDPOUFOUTPGUIFBSSBZ
  $SFBUFBDMBTTLedger that will record the sales for a store. It will have the
attributes
  t sale—an array of double values that are the amounts of all sales
  t salesMade—the number of sales so far
  t maxSalesUIFNBYJNVNOVNCFSPGTBMFTUIBUDBOCFSFDPSEFE
and the following methods:
  t Ledger(max)BDPOTUSVDUPSUIBUTFUTUIFNBYJNVNOVNCFSPGTBMFTUP
max

  t addSale(d)—adds a sale whose value is d
  t getNumberOfSales—returns the number of sales made
  t getTotalSales—returns the total value of the sales
  %FGJOFUIFGPMMPXJOHNFUIPETGPSUIFDMBTT Ledger BTEFTDSJCFEJOUIF
QSFWJPVTFYFSDJTF
  t getAverageSale()—returns the average value of all the sales
  t g
 etCountAbove(v)SFUVSOT UIF OVNCFS PG TBMFT UIBU FYDFFEFE v in
value
8. Write a static method isStrictlyIncreasing(double[] in) that returns
USVFJGFBDIWBMVFJOUIFHJWFOBSSBZJTHSFBUFSUIBOUIFWBMVFCFGPSFJU PS
false otherwise.
  8SJUFBTUBUJDNFUIPEremoveDuplicates(Character[] in) that returns a
OFXBSSBZPGUIFDIBSBDUFSTJOUIFHJWFOBSSBZ CVUXJUIPVUBOZEVQMJDBUF
characters. Always keep the first copy of the character and remove subseRVFOUPOFT'PSFYBNQMF JG inDPOUBJOTC E B C G B H B B BOEG UIF
NFUIPEXJMMSFUVSOBOBSSBZDPOUBJOJOHC EB G BOEH Hint: One way to
solve this problem is to create a boolean array of the same size as the given
array in and use it to keep track of which characters to keep. The values in
UIFOFXCPPMFBOBSSBZXJMMEFUFSNJOFUIFTJ[FPGUIFBSSBZUPSFUVSO

7.6 Graphics Supplement

10. Write a static method remove(intv,int[] in) that will return a new array
of the integers in the given array, but with the value v removed. For example, if v is 3 and in contains 0, 1, 3, 2, 3, 0, 3, and 1, the method will
return an array containing 0, 1, 2, 0, and 1.
11. Suppose that we are selling boxes of candy for a fund-raiser. We have five
kinds of candy to sell: Mints, Chocolates with Nuts, Chewy Chocolates,
Dark Chocolate Creams, and Sugar-Free Suckers. We will record a customer’s order as an array of five integers, representing the number of boxes of
each kind of candy. Write a static method combineOrder that takes two
orders as its arguments and returns an array that represents the combined
orders. For example, if order1 contains 0, 0, 3, 4, and 7, and order2 contains 0, 4, 0, 1, and 2, the method should return an array containing 0, 4,
3, 5, and 9.
12. Create a class Polynomial that is used to evaluate a polynomial function
of x:
P(x) ! a0 " a1x " a2x " . . . " an # 1x n # 1 " anx n
The coefficients ai are floating-point numbers, the exponents of x are integers, and the largest exponent n—called the degree of the polynomial—is
greater than or equal to 0. The class has the attributes
• degree—the value of the largest exponent n
• coefficients—an array of the coefficients ai
and the following methods:
• Polynomial(max)—a constructor that creates a polynomial of degree max
whose coefficients are all 0
• setConstant(i, value)—sets the coefficient ai to value
• evaluate(x)—returns the value of the polynomial for the given value x
For example, the polynomial
P(x) ! 3 " 5x " 2x3
is of degree 3 and has coefficients a0 ! 3, a1 ! 5, a2 ! 0, and a3 ! 2. The
invocation evaluate(7) computes 3 " 5 $ 7 " 0 $ 7 " 2 $ 73, which is
3 " 35 " 0 " 686, and returns the result 724.
13. Write a method beyondLastEntry(position) for the class OneWayNoRepeatsList, as given in Listing 7.9, that returns true when position is
beyond the last entry on the list.
14. Revise the class OneWayNoRepeatsList, as given in Listing 7.9, so that it
allocates an extra element in the array entry and ignores entry[0], as
suggested earlier near the end of the section entitled “More About Array
Indices.”
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 8SJUFBTUBUJDNFUIPEGPSTFMFDUJPOTPSUUIBUXJMMTPSUBOBSSBZPGDIBSBDUFST
 0WFSMPBEUIFNFUIPE selectionSortJO-JTUJOHTPUIBUJUTPSUTBO
array whose indices range from first to last XIFSF0 ≤ first ≤ last 
and last is less than the length of the array.
 3FWJTFUIFNFUIPE selectionSortUIBUBQQFBSTJO-JTUJOHTPUIBUJU
DBMMTUIFNFUIPEEFTDSJCFEJOUIFQSFWJPVTFYFSDJTF
18. Revise the class TimeBookJO-JTUJOHUPVTFBOFOVNFSBUJPOGPSUIF
days of the week instead of named constants.
 8SJUFBTFRVFOUJBMTFBSDIPGBOBSSBZPGJOUFHFST BTTVNJOHUIBUUIFBSSBZJT
TPSUFEJOUPBTDFOEJOHPSEFS Hint: Consider an array that contains the four
JOUFHFST   BOE)PXDBOZPVUFMMUIBUJTOPUJOUIFBSSBZXJUIPVU
DPNQBSJOHUPFWFSZJOUFHFSJOUIFBSSBZ
 8SJUFBTUBUJDNFUIPE findFigure(picture,threshold) XIFSF picture
is a two-dimensional array of double values. The method should return a
OFXUXPEJNFOTJPOBMBSSBZXIPTFFMFNFOUTBSFFJUIFSPS&BDI
in this new array indicates that the corresponding value in pictureFYDFFET
threshold times the average of all values in picture. Other elements in
UIFOFXBSSBZBSF
'PSFYBNQMF JGUIFWBMVFTJOpicture are
1.2

1.3

4.5

6.0

2.7

1.7

3.3

4.4

10.5

17.0

1.1

4.5

2.1

25.3

9.2

1.0

9.5

8.3

2.9

2.1

  UIF BWFSBHF WBMVF JT  5IF SFTVMUJOH BSSBZ GPS B UISFTIPME PG 
would be
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.0

1.0

0.0

0.0

0.0

1.0

1.0

0.0

1.0

0.0

0.0

0.0

  BOEUIFSFTVMUJOHBSSBZGPSBUISFTIPMEPGXPVMECF
0.0

0.0

1.0

1.0

0.0

0.0

0.0

1.0

1.0

1.0

0.0

1.0

0.0

1.0

1.0

0.0

1.0

1.0

0.0

0.0
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21. Write a static method blur(double[][]picture) that you could use on a
part of a picture file to obscure a detail such as a person’s face or a license
plate number. This method computes the weighted averages of the values
in picture and returns them in a new two-dimensional array. To find a
XFJHIUFEBWFSBHFPGBHSPVQPGOVNCFST ZPVDPVOUTPNFPGUIFNNPSF
UIBOPUIFST5IVT ZPVNVMUJQMZFBDIJUFNCZJUTXFJHIU BEEUIFTFQSPEVDUT
UPHFUIFS BOEEJWJEFUIFSFTVMUCZUIFTVNPGUIFXFJHIUT
'PSFBDIFMFNFOUJO picture DPNQVUFUIFXFJHIUFEBWFSBHFPGUIFFMFNFOUBOEJUTJNNFEJBUFOFJHICPST4UPSFUIFSFTVMUJOBOFXUXPEJNFOTJPOBM
array in the same position that the element occupies in picture. This new
array is the one the method returns.
The neighbors of an element in pictureDBOCFBCPWF CFMPX UPUIFMFGU
PG BOEUPUIFSJHIUPGJU FJUIFSWFSUJDBMMZ IPSJ[POUBMMZ PSEJBHPOBMMZ4PFBDI
weighted average in the new array will be a combination of up to nine values
from the array picture. A corner value will use only four values: itself and
UISFFOFJHICPST"OFEHFWBMVFXJMMVTFPOMZTJYWBMVFTJUTFMGBOEGJWFOFJHICPST#VUBOJOUFSJPSWBMVFXJMMVTFOJOFWBMVFTJUTFMGBOEFJHIUOFJHICPST4P
you will need to treat the corners and edges separately from the other cells.
The weights to use are:
1
2
1

2
4
2

1
2
1

  5IFFMFNFOUJUTFMGIBTUIFIJHIFTUXFJHIUPG UIFIPSJ[POUBMBOEWFSUJDBM
OFJHICPSTIBWFBXFJHIUPG BOEUIFEJBHPOBMOFJHICPSTIBWFBXFJHIUPG
'PSFYBNQMF TVQQPTFUIFWBMVFTJOpicture are
1.2

1.3

4.5

6.0

2.7

1.7

3.3

4.4

10.5

17.0

1.1

4.5

2.1

25.3

9.2

1.0

9.5

8.3

2.9

2.1

and the new array is called result*OBTTJHOJOHXFJHIUT XFXJMMBSCJUSBSJMZ
start with an element and consider neighbors in a clockwise direction.
5IVT UIFJOUFSJPSWBMVFJOresult[1][1]JTFRVBMUP
  "  "  "  "  "  "  "  " 
" 2 " 1 " 2 " 1 " 2 " 1 " 2 " 1
  5PBSSJWFBUUIJTFRVBUJPO XFTUBSUFEXJUIUIFFMFNFOUBU picture[1][1]
BOEUIFO CFHJOOJOHXJUIUIFOFJHICPSUPUIFSJHIU XFDPOTJEFSFEOFJHIbors in a clockwise direction. The corner value in result[0][0]JTFRVBMUP
  "  "  " 
" 2 " 1 " 2
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Note that picture[0][0] has fewer neighbors than an interior value such as
picture[1][1]. The same is true for an edge value such as picture[0][1].
5IVT UIFFEHFWBMVFJOresult[0][1]JTFRVBMUP
  "  "  "  "  " 
" 2 " 1 " 2 " 1 " 2
  5IFGJOBMBSSBZ result XPVMECF
1.57

2.44

4.60

6.73

7.48

1.98

2.87

5.97

10.37

12.01

2.63

4.09

7.48

11.40

11.58

3.30

5.73

7.67

7.86

6.43

PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
 8SJUFBQSPHSBNUIBUSFBETJOUFHFST POFQFSMJOF BOEEJTQMBZTUIFJSTVN
"MTP EJTQMBZBMMUIFOVNCFSTSFBE FBDIXJUIBOBOOPUBUJPOHJWJOHJUTQFSDFOUBHFDPOUSJCVUJPOUPUIFTVN6TFBNFUIPEUIBUUBLFTUIFFOUJSFBSSBZ
BTPOFBSHVNFOUBOESFUVSOTUIFTVNPGUIFOVNCFSTJOUIFBSSBZ Hint:
"TLUIFVTFSGPSUIFOVNCFSPGJOUFHFSTUPCFFOUFSFE DSFBUFBOBSSBZPGUIBU
MFOHUI BOEUIFOGJMMUIFBSSBZXJUIUIFJOUFHFSTSFBE"QPTTJCMFEJBMPHVF
between the program and the user follows:
How many numbers will you enter?
4
Enter 4 integers, one per line:
2
1
1
2
The sum is 6.
The numbers are:
2, which is 33.3333% of the sum.
1, which is 16.6666% of the sum.
1, which is 16.6666% of the sum.
2, which is 33.3333% of the sum.)

 8SJUFBQSPHSBNUIBUXJMMSFBEBMJOFPGUFYUUIBUFOETXJUIBQFSJPE XIJDI
TFSWFTBTBTFOUJOFMWBMVF%JTQMBZBMMUIFMFUUFSTUIBUPDDVSJOUIFUFYU POFQFS
MJOFBOEJOBMQIBCFUJDBMPSEFS BMPOHXJUIUIFOVNCFSPGUJNFTFBDIMFUUFS
PDDVSTJOUIFUFYU6TFBOBSSBZPGCBTFUZQFintPGMFOHUI TPUIBUUIFFMFNFOUBUJOEFYDPOUBJOTUIFOVNCFSPGaT UIFFMFNFOUBUJOEFYDPOUBJOT
the number of bT BOETPGPSUI"MMPXCPUIVQQFSDBTFBOEMPXFSDBTFMFUUFST
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BTJOQVU CVUUSFBUVQQFSDBTFBOEMPXFSDBTFWFSTJPOTPGUIFTBNFMFUUFSBT
CFJOHFRVBM Hints6TFPOFPGUIFNFUIPETtoUpperCase or toLowerCase
in the wrapper class Character EFTDSJCFEJO$IBQUFS:PVXJMMGJOEJU
helpful to define a method that takes a character as an argument and returns
an intWBMVFUIBUJTUIFDPSSFDUJOEFYGPSUIBUDIBSBDUFS'PSFYBNQMF UIF
argument 'a'SFTVMUTJOBTUIFSFUVSOWBMVF UIFBSHVNFOU 'b' gives 1 as
UIFSFUVSOWBMVF BOETPPO/PUFUIBUZPVDBOVTFBUZQFDBTU TVDIBT(int)
letter UPDIBOHFBchar to an int0GDPVSTF UIJTXJMMOPUHFUUIFOVNCFS
ZPVXBOU CVUJGZPVTVCUSBDU (int)'a' ZPVXJMMUIFOHFUUIFSJHIUJOEFY 
Allow the user to repeat this task until the user says she or he is through.
 " palindrome is a word or phrase that reads the same forward and
CBDLXBSE  JHOPSJOH CMBOLT BOE DPOTJEFSJOH VQQFSDBTF BOE MPXFSDBTF
WFSTJPOTPGUIFTBNFMFUUFSUPCFFRVBM'PSFYBNQMF UIFGPMMPXJOHBSF
palindromes:










t warts n straw
t radar
t Able was I ere I saw Elba
t xyzczyx
8SJUFBQSPHSBNUIBUXJMMBDDFQUBTFRVFODFPGDIBSBDUFSTUFSNJOBUFECZ
a period and will decide whether the string—without the period—is a
palindrome. You may assume that the input contains only letters and
CMBOLTBOEJTBUNPTUDIBSBDUFSTMPOH*ODMVEFBMPPQUIBUBMMPXTUIF
VTFSUPDIFDLBEEJUJPOBMTUSJOHTVOUJMTIFPSIFSFRVFTUTUIBUUIFQSPHSBN
FOE Hint %FGJOF B TUBUJD NFUIPE DBMMFE isPalindrome that begins as
follows:
/**
Precondition: The array a contains letters and blanks in
positions a[0] through a[used − 1]. Returns true if the
string is a palindrome and false otherwise.
*/
public static boolean isPalindrome(char[] a, int used)

Your program should read the input characters into an array whose base
type is char and then call the preceding method. The int variable used
LFFQTUSBDLPGIPXNVDIPGUIFBSSBZJTVTFE BTEFTDSJCFEJOUIFTFDUJPO
FOUJUMFEi1BSUJBMMZ'JMMFE"SSBZTw
 "EEBNFUIPE bubbleSort to the class ArraySorter BTHJWFOJO-JTUJOH
 UIBUQFSGPSNTBbubble sort of an array. The bubble sort algorithm
FYBNJOFTBMMBEKBDFOUQBJSTPGFMFNFOUTJOUIFBSSBZGSPNUIFCFHJOOJOH
to the end and interchanges any two elements that are out of order. Each
JOUFSDIBOHFNBLFTUIFBSSBZNPSFTPSUFEUIBOJUXBT VOUJMJUJTFOUJSFMZ
sorted. The algorithm in pseudocode follows:
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Bubble sort algorithm to sort an array a
Repeat the following until the array a is sorted:
for (index = 0; index <a.length − 1; index++)
if (a[index] > a[index + 1])
Interchange the values of a[index] and a[index + 1].

  5IFCVCCMFTPSUBMHPSJUINVTVBMMZSFRVJSFTNPSFUJNFUIBOPUIFSTPSUJOH
methods.

VideoNote
Inserting into a sorted
array

 "EEBNFUIPEinsertionSort to the class ArraySorter BTHJWFOJO-JTUJOH
 UIBUQFSGPSNTBOinsertion sortPGBOBSSBZ5PTJNQMJGZUIJTQSPKFDU 
our insertion sort algorithm will use an additional array. It copies elements
GSPNUIFPSJHJOBMHJWFOBSSBZUPUIJTPUIFSBSSBZ JOTFSUJOHFBDIFMFNFOUJOUP
JUTDPSSFDUQPTJUJPOJOUIFTFDPOEBSSBZ5IJTXJMMVTVBMMZSFRVJSFNPWJOHB
number of elements in the array receiving the new elements. The algorithm
in pseudocode is as follows:
Insertion sort algorithm to sort an array a
for (index = 0; index <a.length; index++)

Insert the value of a[index] into its correct position in the array
temp, so that all the elements copied into the array temp so far
are sorted.
Copy all the elements from temp back to a.
The array temp is partially filled and is a local variable in the method sort.
 5IFDMBTTTimeBookJO-JTUJOHJTOPUSFBMMZGJOJTIFE$PNQMFUFUIFEFGJOJUJPOPGUIJTDMBTTJOUIFXBZEFTDSJCFEJOUIFUFYU*OQBSUJDVMBS CFTVSFUP
BEEBEFGBVMUDPOTUSVDUPS BTXFMMBTTFUBOEHFUNFUIPETUIBUDIBOHFPSSFUSJFWFFBDIPGUIFJOTUBODFWBSJBCMFTBOEFBDIJOEFYFEWBSJBCMFPGFBDIBSSBZ
JOTUBODFWBSJBCMF#FTVSFZPVSFQMBDFUIFTUVC setHours with a method
that obtains values from the keyboard. You should also define a private
method having two int parameters that displays the first parameter in the
OVNCFSPGTQBDFTHJWFOCZBTFDPOEQBSBNFUFS5IFFYUSBTQBDFTOPUGJMMFE
by the first parameter are to be filled with blanks. This will let you write each
BSSBZFMFNFOUJOFYBDUMZGPVSTQBDFT GPSFYBNQMF BOETPXJMMBMMPXZPVUP
EJTQMBZBOFBUSFDUBOHVMBSBSSBOHFNFOUPGBSSBZFMFNFOUT#FTVSFUIBUUIF
mainNFUIPEJO-JTUJOHXPSLTDPSSFDUMZXJUIUIFTFOFXNFUIPET"MTP 
XSJUFBTFQBSBUFUFTUQSPHSBNUPUFTUBMMUIFOFXNFUIPET Hint: To display
an int value nJOBGJYFEOVNCFSPGTQBDFT VTF Integer.toString(n) to
DPOWFSUUIFOVNCFSUPBTUSJOHWBMVF BOEUIFOXPSLXJUIUIFTUSJOHWBMVF
5IJTNFUIPEJTEJTDVTTFEJO$IBQUFSJOUIFTFDUJPOi8SBQQFS$MBTTFTw
 %FGJOFBDMBTTDBMMFE TicTacToe. An object of type TicTacToe is a single
HBNFPGUJDUBDUPF4UPSFUIFHBNFCPBSEBTBTJOHMFUXPEJNFOTJPOBMBSSBZ
of base type char that has three rows and three columns. Include methods
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UPBEEBNPWF UPEJTQMBZUIFCPBSE UPUFMMXIPTFUVSOJUJT 9PS0 UPUFMM
XIFUIFSUIFSFJTBXJOOFS UPTBZXIPUIFXJOOFSJT BOEUPSFJOJUJBMJ[FUIF
game to the beginning. Write a main method for the class that will allow
two players to enter their moves in turn at the same keyboard.
 3FQFBU1SPHSBNNJOH1SPKFDUGSPN$IBQUFSCVUVTFBOBSSBZUPTUPSF
the movie ratings instead of separate variables. All changes should be interOBMUPUIFDMBTT TPUIFmain method to test the class should run identically
with either the old Movie class or the new Movie class using arrays.

VideoNote
Solution to Project 8

 5SBEJUJPOBMQBTTXPSEFOUSZTDIFNFTBSFTVTDFQUJCMFUPiTIPVMEFSTVSGJOHw
in which an attacker watches an unsuspecting user enter their password
or PIN number and uses it later to gain access to the account. One way to
combat this problem is with a randomized challenge-response system. In
these systems the user enters different information every time based on a
secret in response to a randomly generated challenge. Consider the following scheme in which the password consists of a five-digit PIN number
UP &BDIEJHJUJTBTTJHOFEBSBOEPNOVNCFSUIBUJT  
PS5IFVTFSFOUFSTUIFSBOEPNOVNCFSTUIBUDPSSFTQPOEUPUIFJS1*/
instead of their actual PIN numbers.
'PSFYBNQMF DPOTJEFSBOBDUVBM1*/OVNCFSPG5PBVUIFOUJDBUF
the user would be presented with a screen such as:
PIN: 0 1 2 3 4 5 6 7 8 9
NUM: 3 2 3 1 1 3 2 2 1 3

  5IFVTFSXPVMEFOUFSJOTUFBEPG5IJTEPFTOUEJWVMHFUIFQBTTXPSEFWFOJGBOBUUBDLFSJOUFSDFQUTUIFFOUSZCFDBVTFDPVMEDPSSFTQPOEUPPUIFS1*/OVNCFST TVDIBTPS5IFOFYUUJNFUIF
VTFSMPHTJO BEJGGFSFOUTFRVFODFPGSBOEPNOVNCFSTXPVMECFHFOFSBUFE 
such as:
PIN: 0 1 2 3 4 5 6 7 8 9
NUM: 1 1 2 3 1 2 2 3 3 3

  8SJUFBQSPHSBNUPTJNVMBUFUIFBVUIFOUJDBUJPOQSPDFTT4UPSFBOBDUVBM
PIN number in your program. The program should use an array to assign
SBOEPNOVNCFSTUPUIFEJHJUTGSPNUP0VUQVUUIFSBOEPNEJHJUTUP
UIFTDSFFO JOQVUUIFSFTQPOTFGSPNUIFVTFS BOEPVUQVUXIFUIFSPSOPU
the user’s response correctly matches the PIN number.
 8SJUFBOBQQMFUPS(6*BQQMJDBUJPOUIBUEJTQMBZTBQJDUVSFPGBQJOFUSFF Graphics
formed by drawing a triangle on top of a small rectangle that makes up the
visible trunk. The tree should be green and have a gray trunk.
 &-*;"XBTBQSPHSBNXSJUUFOJOUIBUQBSPEJFEBQTZDIPUIFSBQJTUTFTsion. The user typed sentences and the program used those words to comQPTFBRVFTUJPO

Graphics
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$SFBUFBTJNQMFBQQMFUPS(6*BQQMJDBUJPOCBTFEPOUIJTJEFB5IFQSPHSBN
XJMMVTFBMBCFMUPIPMEUIFQSPHSBNTRVFTUJPO BUFYUGJFMEJOUPXIJDIUIF
VTFSDBOUZQFBOBOTXFS BCVUUPOGPSUIFVTFSUPTJHOBMUIBUUIFBOTXFSJT
DPNQMFUF BOEBRVJUCVUUPO
5IFJOJUJBMUFYUGPSUIFRVFTUJPOMBCFMTIPVMESFBEi8IBUXPVMEZPV
MJLFUPUBMLBCPVU w8IFOUIFVTFSQSFTTFTBCVUUPO HFUUIFUFYUGSPNUIF
UFYUGJFME/PXFYUSBDUUIFXPSETGSPNUIFUFYUPOFBUBUJNFBOEGJOEUIF
MBSHFTUXPSEPGMFOHUIPSNPSF-FUTDBMMUIJTMBSHFTUXPSE9GPSOPX*O
SFTQPOTF DSFBUFBRVFTUJPOCBTFEPOUIFMFOHUIPGUIFXPSE*GUIFXPSEJT
MFOHUI UIFOFXRVFTUJPOJTi5FMMNFNPSFBCPVU9w*GUIFXPSEJTMFOHUI
 UIFOFXRVFTUJPOJTi8IZEPZPVUIJOL9JTJNQPSUBOU w*GUIFXPSEJT
MFOHUIPSNPSF UIFOFXRVFTUJPOJTi/PXXFBSFHFUUJOHTPNFXIFSF
)PX EPFT 9 BGGFDU ZPV UIF NPTU w *G UIFSF JT OP XPSE PG MFOHUI   UIF
OFXRVFTUJPOJTi.BZCFXFTIPVMENPWFPO*TUIFSFTPNFUIJOHFMTFZPV
XPVMEMJLFUPUBMLBCPVU w Hint: You can use the class ScannerUPFYUSBDU
UIFXPSETGSPNBTUSJOH BTTVNJOHCMBOLTTFQBSBUFUIFXPSET'PSFYBNQMF 
the following statements
String text = " one potato two potato ";
Scanner parser = new Scanner(text);
System.out.println(parser.next());
System.out.println(parser.next());

display one and potatoPOTFQBSBUFMJOFT
 4VEPLVJTBQPQVMBSMPHJDQV[[MFUIBUVTFTBCZBSSBZPGTRVBSFTUIBUBSF
PSHBOJ[FEJOUPCZTVCBSSBZT5IFQV[[MFTPMWFSNVTUGJMMJOUIFTRVBSFT
XJUIUIFEJHJUTUPTVDIUIBUOPEJHJUJTSFQFBUFEJOBOZSPX BOZDPMVNO 
PSBOZPGUIFOJOFCZTVCHSPVQTPGTRVBSFT*OJUJBMMZ TPNFTRVBSFTBSF
GJMMFEJOBMSFBEZBOEDBOOPUCFDIBOHFE'PSFYBNQMF UIFGPMMPXJOHNJHIU
CFBTUBSUJOHDPOGJHVSBUJPOGPSB4VEPLVQV[[MF
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Create a class SudokuPuzzle that has the attributes
  t b
 oardBCZBSSBZPGJOUFHFSTUIBUSFQSFTFOUTUIFDVSSFOUTUBUFPGUIF
QV[[MF XIFSFJOEJDBUFTBCMBOLTRVBSF
  t s
 tartBCZBSSBZPGCPPMFBOWBMVFTUIBUJOEJDBUFTXIJDITRVBSFTJO
board are given values that cannot be changed
and the following methods:
  t SudokuPuzzle—a constructor that creates an empty puzzle
  t t
 oString—returns a string representation of the puzzle that can be printed
  t addInitial(row, col, value)TFUTUIFHJWFOTRVBSFUPUIFHJWFOWBMVF
as an initial value that cannot be changed by the puzzle solver
  t addGuess(row, col, value)TFUTUIFHJWFOTRVBSFUPUIFHJWFOWBMVF
the value can be changed later by another call to addGuess
  t c
 heckPuzzle—returns true if the values in the puzzle do not violate the
restrictions
  t getValueIn(row, col)SFUVSOTUIFWBMVFJOUIFHJWFOTRVBSF
  t getAllowedValues(row, col)—returns a one-dimensional array of
OJOFCPPMFBOT FBDIPGXIJDIDPSSFTQPOETUPBEJHJUBOEJTUSVFJGUIF
EJHJUDBOCFQMBDFEJOUIFHJWFOTRVBSFXJUIPVUWJPMBUJOHUIFSFTUSJDUJPOT
  t isFullSFUVSOTUSVFJGFWFSZTRVBSFIBTBWBMVF
  t resetDIBOHFTBMMPGUIFOPOQFSNBOFOUTRVBSFTCBDLUPCMBOLT T
Write a main method in the class Sudoku that creates a SudokuPuzzle object
and sets its initial configuration. Then use a loop to allow someone to play
4VEPLV%JTQMBZUIFDVSSFOUDPOGJHVSBUJPOBOEBTLGPSBSPX DPMVNO BOE
WBMVF6QEBUFUIFHBNFCPBSEBOEEJTQMBZJUBHBJO*GUIFDPOGJHVSBUJPO
EPFTOPUTBUJTGZUIFSFTUSJDUJPOT MFUUIFVTFSLOPX*OEJDBUFXIFOUIFQV[[MFIBTCFFOTPMWFEDPSSFDUMZ*OUIBUDBTF CPUI checkPuzzle and isFull
would return true. You should also allow options for resetting the puzzle
BOEEJTQMBZJOHUIFWBMVFTUIBUDBOCFQMBDFEJOBHJWFOTRVBSF
 $SFBUFBOBQQMFUPS(6*BQQMJDBUJPOUIBUESBXTUIFGPMMPXJOHQJDUVSFPGB Graphics
NBHJDXBOE VTJOHQPMZHPOTBOEQPMZMJOFT
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Answers to Self-Test Questions
1. 0 2 4 6 8 10 12 14 16 18
2. a
e
i
o
u

  Tide 1 is −7.3|
Tide 2 is 14.2

  5IFMBTUJOEFYPGaJT5IFWBMVFPGa.lengthJT
  5IFfor loop references elements b[1] through b[10] CVUUIFSFJTOPFMFNFOUJOEFYFECZ10. The array elements are b[0] through b[9]. If included
JOBDPNQMFUFDMBTTPSQSPHSBN UIFDPEFXPVMEDPNQJMFXJUIPVUBOZFSSPS
NFTTBHFT CVUXIFOJUJTSVO ZPVXPVMEHFUBOFSSPSNFTTBHFTBZJOHUIBU
BOBSSBZJOEFYJTPVUPGCPVOET
  import java.util.Scanner;
public class Question6
{
public static void main(String[] args)
{
double[] array = new double[20];
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter 20 numbers:");
for (int index = 0; index <array.length; index++)
array[index] = keyboard.nextDouble();
double lastNumber = array[array.length − 1];
System.out.println("The last number read is " +
lastNumber + ".");
System.out.println("The numbers read and their " +
"differences from last number are:");
for (int index = 0; index <array.length; index++)
System.out.println(array[index] +
" differs from the last number by " +
(array[index] - lastNumber));
}
}

  SalesAssociate[] entry = new SalesAssociate[3];
for (int i = 0; i <entry.length; i++)
entry[i] = new SalesAssociate("Jane Doe", 5000);
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8. The lines that are changed are shown in highlight in the following code.
Note that you should also change the definition of the method writeOutput in the class SalesAssociate. We have also shown this method in the
following code. Remember that you must make the class DollarFormat
BWBJMBCMF FJUIFSCZQMBDJOHJUJOUIFTBNFEJSFDUPSZPSCZQVUUJOHJUJOB
package and importing the package.
/**
Displays sales report on the screen.
*/
public void displayResults()
{
System.out.print("Average sales per associate is ");
DollarFormat.writeln(averageSales);
System.out.print("The highest sales figure is ");
DollarFormat.writeln(highest);
System.out.println();
System.out.println("The following had the highest sales:");
for (int i = 1; i <= numberOfAssociates; i++)
{
double nextSales = team[i].getSales();
if (nextSales == highest)
{
team[i].writeOutput();
DollarFormat.write(nextSales - averageSales);
System.out.println(" above the average.");
System.out.println();
}
}
System.out.println("The rest performed as follows:");
for (i = 1; i <= numberOfAssociates; i++)
{
double nextSales = team[i].getSales();
if (team[i].getSales() != highest)
{
team[i].writeOutput();
if (nextSales >= averageSales)
{
DollarFormat.write(nextSales - averageSales);
System.out.println(" above the average.");
}
else
{
DollarFormat.write(averageSales - nextSales);
System.out.println(" below the average.");
}
System.out.println();
}
}
}
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The following is the rewritten version of the method writeOutput of the
class SalesAssociate XJUIUIFDIBOHFTTIPXOJOIJHIMJHIU
public void writeOutput()
{
System.out.println("Sales associates: " + name);
System.out.print("Sales: ");
DollarFormat.writeln(sales);
}

  a[1] = a, b[1] = a
a[2] = a, b[2] = a
a[1] = a, b[1] = a
a[2] = b, b[2] = b

 )FSFBSFUXPQPTTJCMFBOTXFST
public static void showArray(char[] a)
{
for (int i = 0; i <a.length; i++)
System.out.print(a[i]);
System.out.println();
}
public static void showArray(char[] line)
{
for (char character : line)
System.out.print(character);
System.out.println();
}

11. public static double[] getArrayOfHalves(double[] a)
{
double[] temp = new double[a.length];
for (int i = 0; i < a.length; i++)
temp[i] = a[i] / 2.0;
return temp;
}

12. The method does not return an array distinct from the given argument
BSSBZ3BUIFS JUSFUVSOTBSFGFSFODFUPUIFBSSBZJUJTHJWFO5PNBLFBEVQMJDBUFBSSBZ ZPVXPVMESFQMBDFUIFTUBUFNFOU
temp = anArray;

with
for (int i = 0; i <anArray.length; i++)
temp[i] = anArray[i];

 *GbJTBOBSSBZPGMFOHUI UIFJOWPDBUJPO
doubleSize(b);
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XJMMSVOXJUIOPFSSPSNFTTBHFT CVUUIFMFOHUIPG b will not change. In
GBDU  OPUIJOH BCPVU b will change. The parameter a is a local variable
that is initialized with a reference to b. The local variable a is changed so
that it contains a reference to an array that is twice the size of b CVUUIBU
reference goes away as soon as the invocation ends.
 5IFNFUIPEDPNQJMFTBOEFYFDVUFTDPSSFDUMZ*USFUVSOTBSFGFSFODFUPUIFJOstance variable team XIJDIJTBOBSSBZPGSalesAssociatePCKFDUT)PXFWFS 
this method causes a privacy leak. Once you have a reference to the array
team ZPVDPVMEDIBOHFUIFEBUBJOUIFBSSBZ'PSFYBNQMF ZPVDPVMEDIBOHF
your competitor’s sales to zero by using the SalesAssociate method set.
 int count = toDoList.getNumberOfEntries();
for (int pos = toDoList.START_POSITION;
pos <= count; pos++)
System.out.println(toDoList.getEntryAt(position));

 if (!toDoList.isEmpty())
{
int position = toDoList.START_POSITION;
while (!toDoList.atLastEntry(position))
{
System.out.println(toDoList.getEntryAt(position));
position++;
}
System.out.println(toDoList.getEntryAt(position));
}

 0OFBOTXFSJT
for (int i = 0; i <a.length; i++)
System.out.println(a[i]);

Another answer is
for (double element : a)
System.out.println(element);

18. for (int i = 0; i <numberUsed; i++)
System.out.println(a[i]);

A for-each loop is not possible here.
 a[0], a[1], and a[2].
numberUsed is 3.

 a[numberUsed] = 42;
numberUsed++;

21. if (numberUsed == a.length)
System.out.println("Array is full.
Cannot add to it.");
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else
{
a[numberUsed] = 42;
numberUsed++;
}

22. public String[] getEntryArray()
{
String[] temp = new String[entry.length];
for (int i = 0; i <countOfEntries; i++)
temp[i] = entry[i];
return temp;
}

  

  
  
  
  
 ArraySorter.selectionSort(myArray);
 $IBOHF UIF CBTF UZQF PG UIF BSSBZ GSPN int to double . You can
simply replace all occurrences of int with double  FYDFQU GPS UIPTF
occurrences of int UIBUHJWFUIFUZQFPGBOJOEFY'PSFYBNQMF ZPV
would replace
private static void interchange(int i, int j, int[] a)

with
private static void interchange(int i, int j, double[] a)

Note that i and jBSFJOEJDFT BOETPUIFZBSFTUJMMPGUZQFint.
 3FQMBDF UIF  XJUI  JO UIF GPMMPXJOH MJOF PG UIF EFGJOJUJPO PG getIndexOfSmallest:
if (a[index] < min)

)PXFWFS  UP NBLF ZPVS DPEF NPSF SFBEBCMF  ZPV TIPVME SFOBNF UIF
method to something like getIndexOfLargest  SFOBNF UIF WBSJBCMF
min to something like max  BOE SFOBNF UIF WBSJBCMF indexOfMin to
something like indexOfMax. You should also rewrite some of the
comments.
 5XP
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 /**
The array anArray can have any values for its dimensions.
Postcondition: The array contents are displayed with $s.
*/
public static void showTable(int[][] anArray)
{
for (int row = 0; row <anArray.length; row++)
{
System.out.print((row + 1) + " ");
for (int column = 0; column <anArray[row].length;
column++)
System.out.print("$"+anArray[row][column]
+ " ");
System.out.println();
}
}

This method can be seen within the class InterestTable3 in the code
available on the Web.
 int[][] a = new int [4][5];
System.out.println("Enter numbers:");
Scanner keyboard = new Scanner(System.in);
for (int row = 0; row < 4; row++)
for (int column = 0; column < 5; column++)
a[row][column] = keyboard.nextInt();

"MUFSOBUJWFMZ ZPVDPVMECFHJOUIFfor statements as
for (int row = 0; row < a.length; row++)
for (int column = 0; column < a[row].length;
column++)

 public static void display(int[][] anArray)
{
for (int row = 0; row < anArray.length; row++)
{
for (int column = 0; column <
anArray[row].length; column++)
System.out.print(anArray[row][column] +" ");
System.out.println();
}
}

 String text = theText.getText();
theText.setText(text + text);

 private int[] xCoord = {7, 27, 27, 7};
private int[] yCoord = {8, 8, 18, 18};
...
canvas.drawPolygon(xCoord, yCoord, xCoord.length);
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To understand a name you must be acquainted with the particular of which
it is a name.
#&353"/%3644&--

Like mother, like daughter
—COMMON SAYING

This chapter covers inheritance, polymorphism, and interfaces, three key concepts
in object-oriented programming. These concepts are also needed in order to
use many of the libraries that come with the Java programming language.
Polymorphism makes objects behave as you expect them to and allows you to
focus on the specifications of those behaviors. Inheritance will enable you to use
an existing class to define new classes, making it easier to reuse software. Finally,
interfaces allow you to specify the methods that a class must implement.

OBJECTIVES
After studying this chapter, you should be able to
t %FTDSJCFQPMZNPSQIJTNBOEJOIFSJUBODFJOHFOFSBM
t %FGJOFJOUFSGBDFTUPTQFDJGZNFUIPET
t %FTDSJCFEZOBNJDCJOEJOH
t %FGJOFBOEVTFEFSJWFEDMBTTFTJO+BWB
t 6OEFSTUBOEUIFSPMFPGJOIFSJUBODFUPQSPEVDFXJOEPXJOHJOUFSGBDFTXJUIJO
Java application programs

PREREQUISITES
You need to have read the material in Chapters 1 through 6 before you can
understand the material in this chapter. Chapter 7 is needed to understand
some of the examples presented in Sections 8.3 and 8.4.

8.1 INHERITANCE BASICS
Socrates is a person.
All people are mortal.
Therefore Socrates is mortal.
—TYPICAL SYLLOGISM

Suppose we define a class for vehicles that has instance variables to record the
vehicle’s number of wheels and maximum number of occupants. The class
also has accessor and mutator methods. Imagine that we then define a class
for automobiles that has instance variables and methods just like the ones
576
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in the class of vehicles. In addition, our automobile class would have added
instance variables for such things as the amount of fuel in the fuel tank and
the license plate number and would also have some added methods. Instead
of repeating the definitions of the instance variables and methods of the class
of vehicles within the class of automobiles, we could use Java’s inheritance
mechanism, and let the automobile class inherit all the instance variables and
methods of the class for vehicles.
Inheritance allows you to define a very general class and then later define
more specialized classes that add some new details to the existing general class
definition. This saves work, because the more specialized class inherits all the
properties of the general class and you, the programmer, need only program
the new features.
Before we construct an example of inheritance within Java, we first need
to set the stage. We’ll do so by defining a simple class called Person. This
DMBTTTIPXO JO -JTUJOH JT TP TJNQMF UIBU UIF POMZ BUUSJCVUF JU HJWFT B
LISTING 8.1 The Class Person
public class Person
{
private String name;
public Person()
{
name = "No name yet";
}
public Person(String initialName)
{
name = initialName;
}
public void setName(String newName)
{
name = newName;
}
public String getName()
{
return name;
}
public void writeOutput()
{
System.out.println("Name: " + name);
}
public boolean hasSameName(Person otherPerson)
{
return this.name.equalsIgnoreCase(otherPerson.name);
}
}

577

Inheritance
lets you define
specialized classes
from a general
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person is a name. We will not have much use for the class Person by itself, but
we will use it when defining other classes.
Most of the methods for the class Person are straightforward. For example,
the method hasSameName is similar to the equals methods we’ve seen, but
note that it considers uppercase and lowercase versions of a letter to be the
same when comparing names.

Derived Classes
Suppose we are designing a college record-keeping program that has records
for students, faculty, and other staff. There is a natural hierarchy for grouping
these record types: They are all records of people. Students are one subclass
of people. Another subclass is employees, which includes both faculty and
staff. Students divide into two smaller subclasses: undergraduate students and
graduate students. These subclasses may further subdivide into still smaller
subclasses.
Figure 8.1 depicts a part of this hierarchical arrangement. Although your
program may not need any class corresponding to people or employees,
thinking in terms of such classes can be useful. For example, all people have
names, and the methods of initializing, displaying, and changing a name will
be the same for student, staff, and faculty records. In Java, you can define a
class called Person that includes instance variables for the properties that
belong to all subclasses of people. The class definition can also contain all the
FIGURE 8.1 A Class Hierarchy
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methods that manipulate the instance variables for the class Person. In fact,
we have already defined such a PersonDMBTTJO-JTUJOH
-JTUJOH  DPOUBJOT UIF EFGJOJUJPO PG B DMBTT GPS TUVEFOUT " TUVEFOU JT B
person, so we define the class Student to be a derived class, or subclass, of
the class Person. A derived class is a class defined by adding instance variables
and methods to an existing class. We say that the derived class extends the
existing class. The existing class that the derived class is built upon is called
the base class, or superclass. In our example, Person is the base class and
Student is the derived class. We indicated this in the definition of Student
JO-JTUJOHCZJODMVEJOHUIFQISBTFextends Person on the first line of the
class definition, so that the class definition of Student begins
public class Student extends Person

LISTING 8.2 A Derived Class (part 1 of 2)
public class Student extends Person
{
super is explained in a later section. Do
private int studentNumber;
not worry about it until you reach the
public Student()
discussion of it in the text.
{
super();
studentNumber = 0;//Indicating no number yet
}
public Student(String initialName, int initialStudentNumber)
{
super(initialName);
studentNumber = initialNumber;
}
public void reset(String newName, int newStudentNumber)
{
setName(newName);
studentNumber = newStudentNumber;
}
public int getStudentNumber()
{
return studentNumber;
}
public void setStudentNumber(int newStudentNumber)
{
studentNumber = newStudentNumber;
}
public void writeOutput()
{
System.out.println("Name: " + getName());
System.out.println("Student Number: " + studentNumber);
}

(continued)

579

A derived class
extends a base
class and inherits
the base class’s
public members

580

CHAPTER 8 / Inheritance, Polymorphism, and Interfaces

LISTING 8.2 A Derived Class (part 2 of 2)
public boolean equals(Student otherStudent)
{
return this.hasSameName(otherStudent) &&
(this.studentNumber == otherStudent.studentNumber);
}
}

The class Student—like any other derived class—is said to inherit the
public instance variables and public methods of the base class that it extends.
When you define a derived class, you give only the added instance variables
and the added methods. Even though the class Student has all the public
instance variables and all the public methods of the class Person, we do not
declare or define them in the definition of Student. For example, every object
of the class Student has the method getName, but we do not define getName
in the definition of the class Student.
A derived class, such as Student, can also add some instance variables
or methods to those it inherits from its base class. For example, Student
defines the instance variable studentNumber and the methods reset,
getStudentNumber, setStudentNumber, writeOutput, and equals, as well as
some constructors. (We will postpone the discussion of constructors until we
finish explaining the other parts of these class definitions.)
Notice that although Student does not inherit the private instance
variable name from Person, it does inherit the method setName and all the
other public methods of the base class. Thus, Student has indirect access to
name and so has no need to define its own version. If s is a new object of the
class Student, defined as
Student s = new Student();

we could write
s.setName("Warren Peace");

Inheritance
should define
a natural is-a
relationship
between two
classes

Because name is a private instance variable of Person, however, you cannot
write s.name outside of the definition of the class Person, not even within
the definition of Student. The instance variable exists, however, and it can
be accessed and changed using methods defined within Person -JTUJOH 
contains a very small demonstration program to illustrate inheritance.
An object of Student has all of the methods of Person in addition to all
of the methods of Student. Earlier, we noted that a student is a person. The
classes Student and Person model this real-world relationship in that Student
has all the behaviors of Person. We call this relationship an is-a relationship.
You should use inheritance only if an is-a relationship exists between a class
and a proposed derived class.
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LISTING 8.3 A Demonstration of Inheritance
Using Student
public class InheritanceDemo
{
public static void main(String[] args)
{
Student s = new Student();
s.setName("Warren Peace")
s.setStudentNumber(1234);
s.writeOutput();

setName is inherited from
the class Person.

}
}

Screen Output
Name: Warren Peace
Student Number: 1234

■ PROGRAMMING TIP

Use Inheritance Only to Model
Is-a Relationships

If an is-a relationship does not exist between two proposed classes, do not
use inheritance to derive one class from the other. Instead, consider defining
an object of one class as an instance variable within the other class. That
relationship is called has-a. The programming tip titled “Is-a and Has-a
Relationships” talks more about these two relationships.
■
When discussing derived classes, it is common to use terminology derived
from family relationships. A base class is often called a parent class A derived
class is then called a child class. This makes the language of inheritance very
smooth. For example, we can say that a child class inherits public instance
variables and public methods from its parent class.
This analogy is often carried one step further. A class that is a parent of
a parent of a parent of another class (or some other number of “parent of”
iterations) is often called an ancestor class. If class A is an ancestor of class B,
then class B is often called a descendant of class A.
RECAP Derived Class
You define a derived class, or subclass, by starting with another already
defined class and adding (or changing) methods and instance variables.
The class you start with is called the base class, or superclass. The derived
(continued)

A base class is
also called a
superclass, a
parent class, and
an ancestor class

582

CHAPTER 8 / Inheritance, Polymorphism, and Interfaces

class inherits all of the public methods and public instance variables from
the base class and can add more instance variables and methods.
SYNTAX
public class Derived_Class_Name extends Base_Class_Name
{
Declarations_of_Added_Instance_Variables
Definitions_of_Added__And_Changed_Methods
}

EXAMPLE:
A derived class
is also called a
subclass, a child
class, and a
descendant class

See Listing 8.2.
As you will see in the next section, changed methods are
said to be overridden.

Overriding Method Definitions
Overriding a
method redefines
it in a descendant
class

The class StudentJO-JTUJOHEFGJOFTBNFUIPEOBNFEwriteOutput that has
no parameters. But the class Person also has a method by the same name that
has no parameters. If the class Student were to inherit the method writeOutput
from the base class Person, Student would contain two methods with the
name writeOutput, both of which have no parameters. Java has a rule to avoid
this problem. If a derived class defines a method with the same name, the same
number and types of parameters, and the same return type as a method in the
base class, the definition in the derived class is said to override the definition in
the base class. In other words, the definition in the derived class is the one that
is used for objects of the derived class. For example, the invocation
s.writeOutput();

JO-JTUJOHXJMMVTFUIFEFGJOJUJPOPGwriteOutput in the class Student, not
the definition in the class Person, since s is an object of the class Student.
When overriding a method, you can change the body of the method
definition to anything you wish, but you cannot make any changes in the
method’s heading, including its return type.
A method
overrides another
if both have
the same name,
return type, and
parameter list

RECAP Overriding Method Definitions

In a derived class, if you include a method definition that has the same
name, the exact same number and types of parameters, and the same
return type as a method already in the base class, this new definition
(continued)
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replaces the old definition of the method when objects of the derived
class receive a call to the method.
When overriding a method definition, you cannot change the return type
of the method. Since the signature of a method does not include the
return type, you can say that when one method overrides another, both
methods must have the same signature and return type.

Overriding Versus Overloading
%P OPU DPOGVTF overriding a method with overloading a method. When you
override a method definition, the new method definition given in the derived
class has the same name, the same return type, and the exact same number
and types of parameters. On the other hand, if the method in the derived class
were to have the same name and the same return type but a different number
of parameters or a parameter of a different type from the method in the base
class, the method names would be overloaded. In such cases, the derived class
would have both methods.
For example, suppose we added the following method to the definition of
the class StudentJO-JTUJOH

A method
overloads
another if both
have the same
name and return
type but different
parameter lists

public String getName(String title)
{
return title + getName();
}

In this case, the class Student would have two methods named getName: It
would inherit the method getName, with no parameters, from the base class
Person -JTUJOH   BOE JU XPVME BMTP IBWF UIF NFUIPE OBNFE getName,
with one parameter, that we just defined. This is because the two getName
methods have different numbers of parameters, and thus the methods use
overloading.
If you get overloading and overriding confused, remember this:
Overloading places an additional “load” on a method name by using it for
another method, whereas overriding replaces a method’s definition.

The final Modifier
If you want to specify that a method definition cannot be overridden by a
new definition within a derived class, you can add the final modifier to the
method heading, as in the following sample heading:
public final void specialMethod()

When a method is declared as final, the compiler knows more about how
it will be used, and so the compiler can generate more efficient code for the
method.

A final method
cannot be
overridden
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A final class
cannot be a base
class

An entire class can be declared final, in which case you cannot use it as a
base class to derive any other class. You are not very likely to need the final
modifier right now, but you will see it in the specifications of some methods
in the standard Java libraries.

■ PROGRAMMING TIP

Constructors That Call Methods

If a constructor calls a public method, a derived class could override that
method, thereby affecting the behavior of the constructor. To prevent that
from happening, declare such public methods as final.
■

Private Instance Variables and Private Methods
of a Base Class
An object of the derived class Student -JTUJOH   EPFT OPU JOIFSJU UIF
instance variable name from the base class Person -JTUJOH   CVU JU DBO
access or change name’s value via the public methods of Person. For example,
the following statements create a Student object and set the values of the
instance variables name and studentNumber:
Student joe = new Student();
joe.reset("Joesy", 9892);

Since the instance variable name is a private instance variable in the definition
of the class Person, it cannot be directly accessed by name within the
definition of the class Student. Thus, the definition of the method reset in
the class Student is
public void reset(String newName, int newStudentNumber)
{
setName(newName);
Valid definition
studentNumber = newStudentNumber;
}
Private instance
variables in a
base class are
not inherited by
a derived class;
they cannot
be referenced
directly by name
within a derived
class

It cannot be as follows:
public void reset(String newName, int newStudentNumber)
{
name = newName;//ILLEGAL!
Illegal definition
studentNumber = newStudentNumber;
}

As the comment indicates, this assignment will not work, because a derived
class does not inherit private instance variables from its base class. Thus, the
definition of reset in the class Student uses the method setName to set the
name instance variable.
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Private Instance Variables Are Not Directly Accessible
from Derived Classes

A derived class cannot access the private instance variables of its base class
directly by name. It knows only about the public behavior of the base class.
The derived class is not supposed to know—or care—how its base class stores
data. However, an inherited public method may contain a reference to a
private instance variable.
■
The fact that a private instance variable of a base class cannot be accessed
by name within the definition of a method of a derived class often seems
wrong to people. After all, students should be able to change their own
names, rather than being told “Sorry, name is a private instance variable of
the class Person.” If you are a student, you are also a person. In Java, this is
also true; an object of the class Student is also an object of the class Person.
However, the rules regarding the use of private instance variables must be as
we’ve described, or else the private designation would be pointless. If private
instance variables of a class were accessible in method definitions of a derived
class, whenever you wanted to access a private instance variable, you could
simply create a derived class and access it in a method of that class. This
would mean that all private instance variables would be accessible to anybody
who wanted to put in a little extra effort.
Similarly, private methods in a base class are not directly accessible by
name within any other class, not even a derived class. The private methods still
exist, however. If a derived class calls an inherited public method that contains
an invocation of a private method, that invocation still works. However, a
derived class cannot define a method that invokes a private method of the
base class. This should not be a problem. Private methods should serve only
as helping methods, and so their use should be limited to the class in which
they are defined. If you want a method to serve as a helping method in a
number of derived classes, it is more than just a helping method, and you
should make the method public.

GOTCHA

Private Methods Are Not Directly Accessible from
Derived Classes

A derived class cannot call a private method defined within the base class.
However, the derived class can call a public method that in turn calls a private
method when both methods are in the base class.
■

PROGRAMMING TIP

Assume That Your Coworkers Are
Malicious

The reason private instance variables cannot be accessed by name in a derived
class is that otherwise a malicious programmer could access them by using
a trick. You may argue that your coworkers are not malicious. In fact, in

Private methods
in a base class are
not inherited by a
derived class; they
cannot be called
directly by name
from a derived
class
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a beginning course you may sometimes be the only programmer on an
assignment, and you certainly are not trying to sabotage your own work. Those
are good points. However, your coworkers—or even you yourself—might
inadvertently do something that, although not intended to be malicious, still
creates a problem. We think in terms of a malicious programmer not because
we think our coworkers are malicious, but because that is the best way to
protect against honest mistakes by well-meaning programmers—including
you!
■
An arrow points
up from a derived
class to a base
class in a UML
diagram

UML Inheritance Diagrams
'JHVSFTIPXTBQPSUJPOPGUIFDMBTTIJFSBSDIZHJWFOJO'JHVSF CVUVTFT
6.- OPUBUJPO /PUF UIBU UIF DMBTT EJBHSBNT BSF JODPNQMFUF :PV OPSNBMMZ
show only as much of the class diagram as you need for the design task at

FIGURE 8.2 A Class Hierarchy in UML Notation
Person

An Employee is a
Person and so forth
hence the arrows point up.

Student

Undergraduate

Graduate

Employee

Faculty

Staff
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IBOE5IFPOMZTJHOJGJDBOUEJGGFSFODFCFUXFFOUIFOPUBUJPOJO'JHVSFBOE
UIBU JO 'JHVSF  JT UIBU UIF MJOFT JOEJDBUJOH JOIFSJUBODF JO 'JHVSF  IBWF
unfilled arrowheads. Note that the arrowheads point up from the derived
class to the base class. These arrows show the is-a relationship. For example,
a Student is a Person. In Java terms, an object of type Student is also of type
Person.
The arrows also help in locating method definitions. If you are looking
for a method definition for some class, the arrows show the path you (or the
computer) should follow. If you are looking for the definition of a method
used by an object of the class Undergraduate, you first look in the definition
of the class Undergraduate; if it is not there, you look in the definition of
Student; if it is not there, you look in the definition of the class Person.
Figure 8.3 shows more details of the inheritance hierarchy for two classes:
Person and one of its derived classes, Student. Suppose s references an object
FIGURE 8.3 Some Details of the UML Class Hierarchy
Shown in Figure 8.2
Person
– name: String
+
+
+
+

setName(String newName): void
getName( ): String
writeOutput( ): void
hasSameName(Person otherPerson)): boolean

Student
– studentNumber: int

+
+
+
+
+

reset(String newName, int newStudentNumber): void
getStudentNumber( ): int
setStudentNumber(int newStudentNumber): void
writeOutput( ): void
equals(Student otherStudent): boolean
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of the class Student. The diagram in Figure 8.3 tells you that definition of the
method getStudentNumber in the call
int num = s.getStudentNumber();

is found within the class Student, but that the definition of setName in
s.setName("Joe Student");

is in the class Person.

S E L F -TE S T QU ESTI ONS
1. What is the difference between overriding a method and overloading a
method name?
  4VQQPTF UIF DMBTT SportsCar is a derived class of a class Automobile.
Suppose also that the class Automobile has private instance variables
named speed, manufacturer, and numberOfCylinders. Will an object of
the class SportsCar have instance variables named speed, manufacturer,
and numberOfCylinders?
3. Suppose the class SportsCar is a derived class of a class Automobile,
and suppose also that the class Automobile has public methods named
accelerate and addGas. Will an object of the class SportsCar have
methods named accelerate and addGas? If so, do these methods have
to perform the exact same actions in the class SportsCar as in the class
Automobile?
4. Can a derived class directly access by name a private instance variable of
the base class?
5. Can a derived class directly invoke a private method of the base class?
6. Suppose s is an object of the class Student. Based on the inheritance
diagram in Figure 8.3, where will you find the definition of the method
hasSameName, used in the following invocation? Explain your answer.
Student other = new Student("Joe Student", 777);
if (s.hasSameName(other))
System.out.println("Wow!");

7. Suppose s is an object of the class Student. Based on the inheritance
diagram in Figure 8.3, where will you find the definition of the method
used in the following invocation? Explain your answer.
s.setStudentNumber(1234);

8.2 Programming with Inheritance
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8.2 PROGRAMMING WITH INHERITANCE
You do not have to die in order to pass along your inheritance.
—AD FOR AN ESTATE PLANNING SEMINAR

This section presents some basic programming techniques you need when
defining or using derived classes.

Constructors in Derived Classes
A derived class, such as the class Student JO -JTUJOH   IBT JUT PXO
constructors. It does not inherit any constructors from the base class. A base
class, such as Person, also has its own constructors. In the definition of a
constructor for the derived class, the typical first action is to call a constructor
of the base class. For example, consider defining a constructor for the class
Student. One thing that needs to be initialized is the student’s name. Since
the instance variable name is defined in the definition of Person, it is normally
initialized by the constructors for the base class Person.
Consider the following constructor definition in the derived class Student
-JTUJOH 

A derived class
does not inherit
constructors from
its base class

public Student(String initialName, int initialStudentNumber)
{
super(initialName);
studentNumber = initialStudentNumber;
}

Constructors
in a derived
class invoke
constructors from
the base class

This constructor uses the reserved word super as a method name to call a
constructor of the base class. Although the base class Person defines two
constructors, the invocation
super(initialName);

is a call to the constructor in that class that has one parameter, a string. Notice that
you use the keyword super, not the name of the constructor. That is, you do not use
Person(initialName); //ILLEGAL

FAQ How can I remember that super invokes a constructor in
the base class instead of in a derived class?
Recall that another name for a base class is superclass. So super invokes
the constructor in a class’s superclass.

The use of super involves some details: It must always be the first action
taken in a constructor definition. You cannot use super later in the definition.

Use super within
a derived class
as the name of
a constructor in
the base class
(superclass)
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Any call to
super must be
first within a
constructor

If you do not include an explicit call to the base-class constructor in any
constructor for a derived class, Java will automatically include a call to the
base class’s default constructor. For example, the definition of the default
constructor for the class StudentHJWFOJO-JTUJOH
public Student()
{
super();
studentNumber = 0;//Indicating no number yet
}

Without super,
a constructor
invokes
the default
constructor in the
base class

is completely equivalent to the following definition:
public Student()
{
studentNumber = 0;//Indicating no number yet
}

RECAP Calling a Base-Class Constructor
When defining a constructor for a derived class, you can use super as a
name for the constructor of the base class. Any call to super must be the
first action taken by the constructor.
EXAMPLE
public Student(String initialName, int initialStudentNumber)
{
super(initialName);
studentNumber = initialStudentNumber;
}

GOTCHA

Omitting a Call to super in a Constructor

When you omit a call to the base-class constructor in any derived-class
constructor, the default constructor of the base class is called as the first
action in the new constructor. This default constructor—the one without
parameters—might not be the one that should be called. Thus, including your
own call to the base-class constructor is often a good idea.
For example, omitting super(initialName) from the second constructor
in the class Student would cause Person’s default constructor to be invoked.
This action would set the student’s name to "No name yet" instead of to the
string initialName.
■
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The this Method—Again
Another common action when defining a constructor is to call another
constructor in the same class. Chapter 6 introduced you to this idea, using
the keyword this. Now that you know about super, it’s clear that you can use
this and super in similar ways.
We can revise the default constructor in the class Person -JTUJOH UP
call another constructor in that class by using this, as follows:
public Person()
{
this("No name yet");
}

In this way, the default constructor calls the constructor
public Person(String initialName)
{
name = initialName;
}

thereby setting the instance variable name to the string "No name yet".
As with super, any use of this must be the first action in a constructor
definition. Thus, a constructor definition cannot contain both a call using
super and a call using this. What if you want to include both calls? In that
case, use this to call a constructor that has super as its first action.
REMEMBER this and super Within a Constructor
When used in a constructor, this calls a constructor of the same class,
but super invokes a constructor of the base class.

Calling an Overridden Method
We just saw how a constructor of a derived class can use super as a name for
a constructor of the base class. A method of a derived class that overrides
(redefines) a method in the base class can use super to call the overridden
method, but in a slightly different way.
For example, consider the method writeOutput for the class Student in
-JTUJOH*UDPOUBJOTUIFTUBUFNFOU
System.out.println("Name: " + getName());

to display the name of the Student. Alternatively, you could display the
name by calling the method writeOutput of the class PersonJO-JTUJOH 
since the writeOutput method for the class Person will display the person’s
name. The only problem is that if you use the method name writeOutput

You can use
both this and
super to call a
constructor
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within the class Student, it will invoke the method named writeOutput in
the class Student. What you need is a way to say “writeOutput() as it is
defined in the base class.” The way you say that is super.writeOutput(). So
an alternative definition of the writeOutput method for the class Student is
the following:
Using super as
an object calls a
base-class method

public void writeOutput()
{
super.writeOutput(); //Display the name
System.out.println("Student Number: " + studentNumber);
}

If you replace the definition of writeOutput in the definition of Student
-JTUJOH   XJUI UIF QSFDFEJOH EFGJOJUJPO  UIF DMBTT Student will behave
exactly the same as it did before.

RECAP Calling an Overridden Method
Within the definition of a method of a derived class, you can call an
overridden method of the base class by prefacing the method name with
super and a dot.
SYNTAX
super.Overridden_Method_Name(Argument_List)

EXAMPLE
public void writeOutput()
{
super.writeOutput(); //Calls writeOutput in the base
//class
System.out.println("Student Number: " + studentNumber);
}

A Derived Class of a Derived

PROGRAMMING EXAMPLE: Class

You can form a derived class from a derived class. In fact, this is common. For
example, we previously derived the class Student -JTUJOH GSPNUIFDMBTT
Person -JTUJOH   8F OPX EFSJWF B DMBTT Undergraduate from Student,
BT TIPXO JO -JTUJOH  'JHVSF  DPOUBJOT B 6.- EJBHSBN TIPXJOH UIF
relationship among the classes Person, Student, and Undergraduate.

8.2 Programming with Inheritance

LISTING 8.4 A Derived Class of a Derived Class
public class Undergradute extends Student
{
private int level; //1 for freshman, 2 for sophomore
//3 for junior, or 4 for senior.
public Undergraduate()
{
super();
level = 1
}
public Undergraduate(String initialName,
int initialStudentNumber, int initialLevel)
{
super(initialName, initialStudentNumber);
setLevel(initialLevel); //checks 1 <= initialLevel <= 4
}
public void reset(String newName, int newStudentNumber,
int newLevel)
{
reset(newName, newStudentNumber); //Student's reset
setLevel(newLevel); //Checks 1 <= newLevel <= 4
}
public int getLevel()
{
return level;
}
public void setLevel(int newLevel)
{
if ((1 <= newLevel) && (newLevel <= 4))
level = newLevel;
else
{
System.out.println("Illegal level!");
System.exit(0);
}
}
public void writeOutput()
{
super.writeOutput();
System.out.println("StudentLevel: " + level);
}
public boolean equals(Undergraduate otherUndergraduate)
{
return equals(Student)otherUndergraduate) &&
(this.level == otherUndergraduate.level);
}
}
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FIGURE 8.4 More Details of the UML Class Hierarchy
Shown in Figure 8.2
Person
– name: String
+
+
+
+

setName(String newName): void
getName( ): String
writeOutput( ): void
hasSameName(Person otherPerson)): boolean

Student
– studentNumber: int

+
+
+
+
+

reset(String newName,int newStudentNumber): void
getStudentNumber( ): int
setStudentNumber(int newStudentNumber): void
writeOutput( ): void
equals(Student otherStudent): boolean

Undergraduate
– level: int
+ reset(String newName, int newStudentNumber,
int newlevel): void
+ getLevel( ): int
+ setLevel(int newLevel): void
+ writeOutput( ): void
+ equals(Undergraduate otherUndergraduate): boolean

8.2 Programming with Inheritance

An object of the class Undergraduate has all the public members of
the class Student. But Student is already a derived class of Person. This
means that an object of the class Undergraduate also has all the public
members of the class Person. An object of the class Person has the instance
variable name. An object of the class Student has the instance variable
studentNumber, and an object of the class Undergraduate has the instance
variable level. Although an object of the class Undergraduate does not
inherit the instance variables name and studentNumber, since they are
private, it can use its inherited accessor and mutator methods to access and
change them. In effect, the classes Student and Undergraduate—as well as
any other classes derived from either of them—reuse the code given in the
definition of the class Person, because they inherit all the public methods
of the class Person.
Each of the constructors in the class Undergraduate begins with an
invocation of super, which in this context stands for a constructor of the
base class Student. But the constructors for the class Student also begin
with an invocation of super, which in this case stands for a constructor
of the base class Person. Thus, when we use new to invoke a constructor
in Undergraduate, constructors for Person and Student are invoked, and
then all the code following super in the constructor for Undergraduate is
executed.
The classes Student and Undergraduate both define a method named
reset. In Student, reset has two parameters, while in Undergraduate, reset
has three parameters, so reset is an overloaded name. The reset method in
the class Undergraduate, which we reproduce here, begins by invoking reset,
passing it only two arguments:
public void reset(String newName, int newStudentNumber, int
newLevel)
{
reset(newName, newStudentNumber); //Student’s reset
setLevel(newLevel); //Checks 1 <= newLevel <= 4
}

Thus, this invocation is to the method named reset defined in the base
class Student, which changes the values of the instance variables name and
studentNumber. The Undergraduate reset method then changes the value of
the new instance variable level by calling setLevel.
Remember that within the definition of the class Undergraduate, the
private instance variables name and studentNumber—of the base classes
Person and Student, respectively—cannot be referenced by name, and so a
mutator method is needed to change them. The reset method of the class
Student is perfect for this purpose.
Because the version of reset defined in the class Undergraduate has a
different number of parameters than the version of reset defined in the class
Student, there is no conflict in having both versions of reset in the derived

reset is an
overloaded
method
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class Undergraduate. In other words, we can overload the reset method.
In contrast, the definition of the method writeOutput in Undergraduate,
which we reproduce here, has exactly the same parameter list as the version of
writeOutput in the base class Student:
writeOutput
overrides the
base-class method
having the same
signature

public void writeOutput()
{
super.writeOutput();
System.out.println("StudentLevel: " + level);
}

Thus, when writeOutput is invoked, Java must decide which definition
of writeOutput to use. For an object of the derived class Undergraduate,
it uses the version of writeOutput given in the definition of the class
Undergraduate. The version in Undergraduate overrides the definition
given in the base class Student. To invoke the version of writeOutput
defined in Student within the definition of the derived class
Undergraduate, you must place super and a dot in front of the method
name writeOutput, as shown previously.
Now consider the methods named equals in the classes Student and
Undergraduate. They have different parameter lists. The one in the class
Student has a parameter of type Student, while the one in the class
Undergraduate has a parameter of type Undergraduate. They have the
same number of parameters—namely, one—but that one parameter is of a
different type in each of the two definitions. Recall that a difference in type
is enough to qualify for overloading. To help us analyze the situation, we
reproduce the definition of equals within the derived class Undergraduate
here:
public boolean equals(Undergraduate otherUndergraduate)
{
return equals((Student)otherUndergraduate) &&
(this.level == otherUndergraduate.level);
}

VideoNote
Defining classes using
inheritance

Extra code on the
Web

Why did we cast otherUndergraduate to Student in the invocation of
equals? Because otherwise Java would invoke the definition of equals in the
class Undergraduate. That is, this equals method would invoke itself. While a
method that invokes itself is perfectly acceptable under certain conditions—as
you will see in Chapter 11—it isn’t what we want to happen here. By casting
the argument from Undergraduate to Student, we cause Java to call Student’s
equals method. Notice that otherUndergraduate, as an Undergraduate
object, has all the behaviors of a Student object, and so will act correctly
within Student’s equals method. We will elaborate this point in the next
section.
There is nothing unusual about how the class Undergraduate is used, but
we have included a simple demonstration program for this class in the file

8.2 Programming with Inheritance
UndergraduateDemo.java as part of the source code for this book that is

available on the Web.

Another Way to Define the equals Method in Undergraduate
The equals method in the class Undergraduate casts its parameter
otherUndergraduate from Undergraduate to its base class Student when it
passes it to Student’s equals method. Another way to force Java to call the
definition of equals in Student is to use super and a dot, as follows:
public boolean equals(Undergraduate otherUndergraduate)
{
return super.equals(otherUndergraduate) &&
(this.level == otherUndergraduate.level);
}

GOTCHA

You Cannot Use Repeated supers

As we already noted, within the definition of a method of a derived class,
you can call an overridden method of the base class by prefacing the method
name with super and a dot. However, you cannot repeat the use of super to
invoke an overridden method from some ancestor class other than a direct
parent. Suppose that the class Student is derived from the class Person, and
the class Undergraduate is derived from the class Student. You might think
that you can invoke a method of the class Person within the definition of the
class Undergraduate by using super.super, as in
super.super.writeOutput();//ILLEGAL!

However, as the comment indicates, it is illegal to have such a train of supers
in Java.
■

Type Compatibility
Consider the class Undergraduate JO -JTUJOH  *U JT B EFSJWFE DMBTT PG UIF
class Student. In the real world, every undergraduate is also a student. This
relationship holds true in our Java example as well. Every object of the class
Undergraduate is also an object of the class Student. Thus, if you have a
method that has a formal parameter of type Student, the argument in an
invocation of this method can be an object of type Undergraduate. In this
case, the method could use only methods defined in the class Student, but
every object of the class Undergraduate has all these methods.
For example, suppose that the classes Student and Undergraduate
BSF EFGJOFE BT JO -JTUJOHT  BOE   BOE DPOTJEFS UIF GPMMPXJOH NFUIPE
definition that might occur in some class:
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An object of a
derived class can
serve as an object
of the base class

public class SomeClass
{
public static void compareNumbers(Student s1, Student s2)
{
if (s1.getStudentNumber() == s2.getStudentNumber())
System.out.println(s1.getName() + " has the same " +
"number as " + s2.getName());
else
System.out.println(s1.getName() + " has a different " +
"number than " + s2.getName());
}
. . .
}

A program that uses SomeClass might contain the following code:
Student studentObject = new Student("Jane Doe", 1234);
Undergraduate undergradObject =
new Undergraduate("Jack Buck", 1234, 1);
SomeClass.compareNumbers(studentObject, undergradObject);

If you look at the heading for the method compareNumbers, you will see
that both parameters are of type Student. However, the invocation
SomeClass.compareNumbers(studentObject, undergradObject);

uses one argument of type Student and one object of type Undergraduate.
How can we use an object of type Undergraduate where an argument of type
Student is required? The answer is that every object of type Undergraduate is
also of type Student. To make the point a little more dramatically, notice that
you can reverse the two arguments and the method invocation will still be
valid, as shown below:
SomeClass.compareNumbers(undergradObject, studentObject);

An object can
have several
types because of
inheritance

Note that there is no automatic type casting here. An object of the class
Undergraduate is an object of the class Student, and so it is of type Student. It
need not be, and is not, type cast to an object of the class Student.
An object can actually behave as if it has more than two types as a result
of inheritance. Recall that the class Undergraduate is a derived class of the
class Student and that Student is a derived class of the class Person in
-JTUJOH5IJTNFBOTUIBUFWFSZPCKFDUPGUIFDMBTTUndergraduate is also an
object of type Student as well as an object of type Person. Thus, everything
that works for objects of the class Person also works for objects of the class
Undergraduate.
For example, suppose that the classes Person and Undergraduate are
EFGJOFE BT JO -JTUJOHT  BOE   BOE DPOTJEFS UIF GPMMPXJOH DPEF  XIJDI
might occur in a program:
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Person joePerson = new Person("Josephine Student");
System.out.println("Enter name:");
Scanner keyboard = new Scanner(System.in);
String newName = keyboard.nextLine();
Undergraduate someUndergrad =
new Undergraduate(newName, 222, 3);
if (joePerson.hasSameName(someUndergrad))
System.out.println("Wow, same names!");
else
System.out.println("Different names");

If you look at the heading for the method hasSameNameJO-JTUJOH ZPVXJMM
see that it has one parameter, and that parameter is of type Person. However,
the call in the preceding if-else statement,
joePerson.hasSameName(someUndergrad)

is perfectly valid, even though the argument someUndergrad is an object
of the class Undergraduate—that is, its type is Undergraduate—but the
corresponding parameter in hasSameName is of type Person. Every object of
the class Undergraduate is also an object of the class Person.
Even the following invocation is valid:
someUndergrad.hasSameName(joePerson)

The method hasSameName belongs to Person, but it is inherited by the
class Undergraduate. So the Undergraduate object someUndergrad has this
method. An object of type Undergraduate is also of type Person. Everything
that works for objects of an ancestor class also works for objects of any
descendant class. Or, to say this another way, an object of a descendant class
can do the same things as an object of an ancestor class. As we have already
seen, if class A is derived from class B, and class B is derived from class C, then
an object of class A is of type A. It is also of type B, and it is also of type C. This
works for any chain of derived classes, no matter how long the chain is.
Because an object of a derived class has the types of all of its ancestor
classes in addition to its “own” type, you can assign an object of a class to
a variable of any ancestor type, but not the other way around. For example,
because Student is a derived class of Person, and Undergraduate is a derived
class of Student, the following code is valid:
Student s = new Student();
Undergraduate ug = new Undergraduate();
Person p1 = s;
Person p2 = ug;

You can even bypass the variables s and ug and place the new objects directly
into the variables p1 and p2, as follows:
Person p1 = new Student();
Person p2 = new Undergraduate();

An object of
a class can be
referenced by a
variable of any
ancestor type
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However, the following statements are all illegal:
Student s = new Person(); //ILLEGAL!
Undergraduate ug = new Person(); //ILLEGAL!
Undergraduate ug2 = new Student(); //ILLEGAL!

And if we define p and s as follows:
Person p = new Person(); //valid
Student s = new Student(); //valid

even the following statements, which may look more innocent, are similarly
illegal:
Undergraduate ug = p; //ILLEGAL!
Undergraduate ug2 = s; //ILLEGAL!

A Student “is a”
Person, but the
converse might
not be true

This all makes perfectly good sense. For example, a Student is a Person,
but a Person is not necessarily a Student. Some programmers find the phrase
“is a” to be useful in deciding what types an object can have and what
assignments to variables are valid. As another example, if Employee is a derived
class of Person, an Employee is a Person, so you can assign an Employee object
to a variable of type Person. However, a Person is not necessarily an Employee,
so you cannot assign an object created as just a plain Person to a variable of
type Employee.

REMEMBER Assignment Compatibilities
An object of a derived class has the type of the derived class, but it can
be referenced by a variable whose type is any one of its ancestor classes.
Thus, you can assign an object of a derived class to a variable of any
ancestor type, but not the other way around.

■ PROGRAMMING TIP

Is-a and Has-a Relationships

As we just noted, a Student is a Person, so we made the Student class a
derived class of the Person class. This is an example of an is-a relationship
between classes. It is one way to make a more complex class out of a simpler
class.
Another way is known as the has-a relationship. For example, you have
a class Date that records a date; you might add a date of enrollment to the
Student class by adding an instance variable of type Date to the Student class.
In this case we say a Student “has a” Date. As another example, if we have a
class MechanicalArm and we are defining a class to simulate a robot, we can
give the Robot class an instance variable of type MechanicalArm. In this case
we say that a Robot “has a” MechanicalArm.

8.2 Programming with Inheritance

In most situations you can make your code work with either an “is-a”
relationship or a “has-a” relationship. Often, a “has-a” relationship is the better
choice. It seems silly to make the Robot class a derived class of the MechanicalArm
class, but it can be done. The result would be a poor design, however.
Fortunately, the best programming technique is usually to simply follow
what sounds most natural in English. It makes more sense to say “A Robot
has a MechanicalArm” than it does to say “A Robot is a MechanicalArm.” So
it makes better programming sense to have a MechanicalArm as an instance
variable of a Robot class.
You will often encounter the terms is-a and has-a in the literature on
programming techniques.
■

S E L F-TE S T QU E S TIO N S
8. Give a complete definition of a class called TitledPerson, which you
derive from the class Person JO -JTUJOH  5IF DMBTT TitledPerson has
one additional String instance variable for a title, such as Ms., Mr.,
or The Honorable. The class TitledPerson has two constructors: a
default constructor and one that sets both the name and the title. It has
a writeOutput method, a reset method, an equals method, an accessor
method getTitle that returns the title, and a mutator method setTitle
that changes the person’s title. For two titled people to be equal, they
must have the same name and the same title. You may want to use the
class StudentJO-JTUJOHBTBNPEFM
9. Add a constructor to the class Student that sets the student’s name to a given
argument string and sets the student’s number to zero. Your constructor
should invoke another constructor in Student to accomplish this.
10. Rewrite the definition of the method writeOutput for the class
Undergraduate JO -JTUJOH   VTJOH getName and getStudentNumber
instead of super.writeOutput. (Most programmers would use the version
JO-JTUJOH CVUZPVTIPVMECFBCMFUPXSJUFFJUIFSWFSTJPO
11. Rewrite the definition of the method reset for the class Undergraduate
JO -JTUJOH   VTJOH setName and setStudentNumber instead of the
overloaded reset method name. (Most programmers would use the
WFSTJPOJO-JTUJOH CVUZPVTIPVMECFBCMFUPXSJUFFJUIFSWFSTJPO
 $BOBOPCKFDUCFSFGFSFODFECZWBSJBCMFTPGTFWFSBMEJGGFSFOUEBUBUZQFT
13. What is the type or types of the variable(s) that can reference the
object created in the following statement? (The definition of the class
UndergraduateJTHJWFOJO-JTUJOH
Undergraduate ug = new Undergraduate();
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If class A has an
object of class B
as an instance
variable, the
relationship
between A and B
is “has a”
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 %FTDSJCFUXPVTFTGPSUIFLFZXPSEsuper.
15. What is the difference between this and super when these words are
used within a constructor definition as the names of methods that are
called?

The Class Object
The class Object
is the ultimate
ancestor of all
classes

Every class
inherits the
methods
toString and
equals from
Object

Java has an “Eve” class—that is, a class that is an ancestor of every class. In
Java, every class is derived from the class Object. If a class C has a different
base class B, this base class is derived from Object, and so C is a derived
class of Object. Thus, every object of every class is of type Object, as well as
being of the type of its class and all its ancestor classes. Even classes that you
define yourself without using inheritance are descendant classes of the class
Object. If you do not make your class a derived class of some class, Java will
automatically make it a derived class of Object.
The class Object allows Java programmers to write Java methods that have
a parameter of type Object that represents an object of any class whatsoever.
You will eventually encounter library methods that accept an argument of
type Object and hence can be used with an argument that is an object of
absolutely any class.
The class Object does have some methods that every Java class inherits.
For example, every class inherits the methods equals and toString from
some ancestor class, either directly from the class Object or from a class
that ultimately inherited the methods from the class Object. However, the
methods equals and toString inherited from Object will not work correctly
for almost any class you define. Thus, you need to override the inherited
method definitions with new, more appropriate definitions.
Writing a correct version of equals is a bit complicated for beginning
programmers. The equals methods we present in this book will work well
in most situations. The next section shows how to write a fully complete and
correct definition of equals.
The inherited method toString takes no arguments. The method
toString is supposed to return all the data in an object, packaged into a
string. However, the inherited version of toString is almost always useless,
because it will not produce a nice string representation of the data. You need
to override the definition of toString so it produces an appropriate string for
the data in objects of the class being defined.
For example, the following definition of toString could be added to the
class StudentJO-JTUJOH
public String toString()
{
return "Name: " + getName() +
"\nStudent number: " + studentNumber;
}

8.2 Programming with Inheritance
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The version of the class Student included with the source code for this book,
which is available on the Web, includes this toString method, so you can
easily try it out.
After adding this toString method to the class Student, we can use it to
display output in the following way:
Student joe = new Student("Joe Student", 2001);
System.out.println(joe.toString());

The output produced would be
Name: Joe Student
Student number: 2001

The method println that is invoked here has a parameter of type String.
The object System.out has several definitions of println—in other words,
println is overloaded. One of these println methods has a parameter of type
Object. The definition is equivalent to the following one:
public void println(Object theObject)
{
System.out.println(theObject.toString());
}

PROGRAMMING TIP

println is an
example of a reallife overloaded
method

Define Your Own toString Method Within
Typical Classes

Object’s toString method will not display any data related to your class. You
usually should override toString in the classes that you write.
■

Another method inherited from the class Object is the method clone.
This method takes no arguments and returns a copy of the calling object.
The returned object is supposed to have data identical to that of the calling
PCKFDU CVUJUJTBEJGGFSFOUPCKFDUBOJEFOUJDBMUXJOPSBiDMPOFw-JLFPUIFS
methods inherited from the class Object, the method clone needs to be
redefined (overridden) before it will function properly. However, in the case
of the method clone, there are other things you must do as well. A thorough
discussion of the method clone is beyond the scope of this text, but some clone is another
JOGPSNBUJPOPOUIJTNFUIPEJTHJWFOJOUIFTFDUJPOi1SJWBDZ-FBLTwPG$IBQUFS method in object
6 and in Appendix 9 (on the book’s Web site).

S E L F-TE S T QU E S TIO N S
16. Consider the code below, which was discussed in the previous section:
Student joe = new Student("Joe Student", 2001);
System.out.println(joe.toString());

Why is the output on two lines instead of being all on one line?
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17. Which of the following lines are legal and which are illegal? The class
Undergraduate is a derived class of Student, and Student is a derived
class of Person.
a. Person p1 = new Student();
b. Person p2 = new Undergraduate();
c. Student s1 = new Person();
d. Student s2 = new Undergraduate();
e. Undergraduate ug1 = new Person();
f. Undergraduate ug2 = new Student();
g. Object ob = new Student();
h. Student s3 = new Object();

A Better equals Method
As we mentioned in the previous section, the class Object defines an equals
method that every class inherits. But most of the time, if you want your class
to have an equals method that works correctly, you should override Object’s
definition of equals and define your own version. However, we did not,
strictly speaking, follow our own advice. The heading for the method equals
in our definition of the class StudentHJWFOJO-JTUJOHJT
public boolean equals(Student otherStudent)

but the heading for the method equals in the class Object is
public boolean equals(Object otherObject)

These two equals methods have different parameter types, so we actually
have not overridden the definition of equals. We have merely overloaded the
method. In other words, the class Student has both of these methods. For
most situations, this will not matter. However, there are cases in which it does
matter.
Suppose we use some method—either predefined or programmer
defined—that has a parameter of type Object named objectParam and
another parameter studentParam of type Student. Now suppose the body of
this method contains the invocation
studentParam.equals(objectParam)

An equals
method that
works in most
cases

If you plug in two arguments of type Student for the parameters objectParam
and studentParam, Java will use the definition of equals inherited from the
class Object, not the one we defined for the class Student. This means that in
some cases, the method equals will return the wrong answer.
To fix this problem, we need to change the type of the parameter for the
equals method in the Student class from Student to Object. A first try might be
the following:

8.2 Programming with Inheritance
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//First try at an improved equals method
public boolean equals(Object otherObject)
{
Student otherStudent = (Student)otherObject;
return this.hasSameName(otherStudent) &&
(this.studentNumber == otherStudent.studentNumber);
}

Note that we need to type cast the parameter otherObject from type Object
to type Student. Without the type cast and the variable otherStudent, we
would receive a syntax error when we write
otherObject.studentNumber

because the class Object does not have an instance variable named
studentNumber. (Actually, the invocation of hasSameName would likely also
cause a syntax error.)
ASIDE Multiple Inheritance
This first try at an improved equals method
does override the definition of equals given in
Some programming languages—such as C++ —
allow one class to be derived from two different
the class Object and will work well in almost all
base classes. That is, you can derive class C from
cases. However, it still has a shortcoming: Our
classes A and B. This feature, known as multiple
new definition of equals now allows an argument
inheritance, is not allowed in Java. In Java, a
that can be any object at all. What happens if the
derived class can have only one base class. You
method equals is used with an argument that
can, however, derive class B from class A and
is not a Student? The answer is that a run-time
then derive class C from class B, since this is not
error will occur when the type cast to Student is
multiple inheritance.
executed.
A derived class can implement any
We should make our definition work for any
number of interfaces in addition to extending
object. If the object is not a Student, we simply
any one base class. Interfaces are discussed
return false. After all, the method belongs to a
later in this chapter. This capability gives Java
an approximation to multiple inheritance
Student object, and so if the argument is not a
without the complications that arise with
Student, the two objects cannot be considered
multiple base classes.
equal. But how can we tell when the parameter is
not of type Student?
We can use the instanceof operator to check whether an object is of type The instanceof
operator checks
Student. The syntax is
an object’s class

Object instanceof Class_Name

This expression returns true if Object is of type Class_Name; otherwise it returns
false. So the following will return true if otherObject is of type Student:
otherObject instanceof Student

Therefore, the equals method should return false if the preceding boolean
expression is false.
Our final version of the method equals JT TIPXO JO -JTUJOH  /PUF
that we have also taken care of one more possible case. The predefined
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LISTING 8.5 A Better equals Method for the Class Student
public boolean equals(Object otherObject)
{
boolean isEqual = false;
if ((otherObject != null) &&
(otherObject instanceof Student))
{
Student otherStudent = (Student)otherObject;
isEqual = this.sameName(otherStudent) &&
(this.studentNumber ==
otherStudent.studentNumber);
}
return isEqual;
}

constant null can be plugged in for a parameter of type Object. The Java
documentation says that an equals method should return false when
comparing an object and the value null. So that is what we have done.

8.3 POLYMORPHISM
What’s in a name? That which we call a rose
By any other name would smell as sweet.
—WILLIAM SHAKESPEARE, ROMEO AND JULIET

VideoNote
Exploring polymorphism

Inheritance allows you to define a base class and derive classes from the base
class. Polymorphism allows you to make changes in the method definition
for the derived classes and have those changes apply to the methods written
in the base class. This all happens automatically in Java, but it is important to
understand the process.

Dynamic Binding and Inheritance
$POTJEFSBQSPHSBNUIBUVTFTUIF1FSTPO 4UVEFOU BOE6OEFSHSBEVBUFDMBTTFT
BTEFQJDUFEJO'JHVSF-FUTTBZUIBUXFXPVMEMJLFUPTFUVQBDPNNJUUFF
that consists of four people that are either students or employees. If we use an
array to store the list of committee members, then it makes sense to make the
array of type Person so it can accommodate any class derived from it. Here is a
possible array declaration:
Person[] people = new Person[4];

8.3 Polymorphism

Next we might add objects to the array that represent members of the committee.
In the example below we have added three objects of type Undergraduate
and one object of type Student (perhaps we don’t know if this person is an
undergraduate or graduate):
people[0]
people[1]
people[2]
people[3]

=
=
=
=

new
new
new
new

Undergraduate("Cotty, Manny", 4910, 1);
Undergraduate("Kick, Anita", 9931, 2);
Student("DeBanque, Robin", 8812);
Undergraduate("Bugg, June", 9901, 4);

In this case we are assigning an object of a derived class (either Student or
Undergraduate) to a variable defined as an ancestor of the derived class
(Person). This is valid because Person encompasses the derived classes. In
other words, Student “is-a” Person and Undergraduate “is-a” Person, so we
can assign either one to a variable of type Person.
Next, let’s output a report containing information about all of the
committee members. The report should be as detailed as possible. For
example, if a student is an undergraduate, then the report should contain
the student’s name, student number, and student level. If the student is of
type Student, then the report should contain the name and student number.
Similar details would be expected for employees. The writeOutput method
contains this detail, but which one is invoked? There are three of them, one
defined for Undergraduate, Student, and Person.
If we focus on just people[0], then we can see that it is declared to be an
object of type Person. If we invoke:
people[0].writeOutput();

then it is logical to assume that the writeOutput method defined in the
Person object will be invoked. But that is not what happens! Instead, Java
recognizes that an object of type Undergraduate is stored in people[0]. As a
result, even though people[0] is declared to be of type Person, the method
associated with the class used to create the object is invoked. This is called
dynamic binding or late binding.
More precisely, when an overridden method is invoked, its action is the
one defined in the class used to create the object using the new operator. It is
not determined by the type of the variable naming the object. A variable of any
ancestor class can reference an object of a descendant class, but the object always
remembers which method actions to use for every method name. The type of the
variable does not matter. What matters is the class name when the object was
created.
Returning to our report, the code below could be used to generate it:
for (Person p : people)
{
p.writeOutput();
System.out.println();
}
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This code would output:
Name: Cotty, Manny
Student Number: 4910
Student Level: 1
Name: Kick, Anita
Student Number: 9931
Student Level: 2
Name: DeBanque, Robin
Student Number: 8812
Name: Bugg, June
Student Number: 9901
Student Level: 4

"DPNQMFUFQSPHSBNJTHJWFOJO-JTUJOH
LISTING 8.6 A Demo of Polymorphism (part 1 of 2)
public class PolymorphismDemo
{
public static void main(String[] args)
{
Person[] people = new Person[4];
people[0] = new Undergraduate("Cotty, Manny", 4910, 1);
people[1] = new Undergraduate("Kick, Anita", 9931, 2);
people[2] = new Student("DeBanque, Robin", 8812);
people[3] = new Undergraduate("Bugg, June", 9901, 4);
for (Person p : people)
Even though p is of type Person, the
{
writeOutput method associated
p.writeOutput();
Undergraduate or Student is
with
System.out.println();
}
}

invoked depending upon which class was
used to create the object.

}

Screen Output
Name: Cotty, Manny
Student Number: 4910
Student Level: 1
Name: Kick, Anita
Student Number: 9931
Student Level: 2

(continued)

8.3 Polymorphism
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LISTING 8.6 A Demo of Polymorphism (part 2 of 2)
Name: DeBanque, Robin
Student Number: 8812
Name: Bugg, June
Student Number: 9901
Student Level: 4

One of the amazing things about polymorphism is it lets us invoke methods
UIBUNJHIUOPUFWFOFYJTUZFU'PSFYBNQMF BTTVNFUIFQSPHSBNJO-JTUJOH
exists and runs with only the Person, Student, and Undergraduate classes
defined. At some later date we could write the Employee, Faculty, and Staff
classes as depicted in Figure 8.1. Since all of these
classes would be derived from the Person class, as
ASIDE Java Assumes Dynamic Binding
long as each implements a writeOutput method
In many other languages, you must specify
then we could add one of these objects to the array
in advance what methods may need dynamic
and its writeOutput method would be invoked in
binding. Java always assumes that dynamic
binding will occur. Although making this
the for loop. We wouldn’t even need to recompile
assumption is less efficient, Java is easier to
the PolymorphismDemo DMBTT JO -JTUJOH  UP
program and less prone to errors as a result.
invoke the new methods via dynamic binding.

REMEMBER Objects Know How They Are Supposed to Act
When an overridden method is invoked, its action is the one defined in the
class used to create the object using the new operator. It is not determined
by the type of the variable naming the object. A variable of any ancestor
class can reference an object of a descendant class, but the object always
remembers which method actions to use for every method name. The type
of the variable does not matter. What matters is the class name when the
object was created. This is because Java uses dynamic binding.

Dynamic Binding with toString
If you include an appropriate toString method in the definition of a class, then
you can output an object of the class using System.out.println. For example, in
the previous section we described adding a toString method to the Student class:
public String toString()
{
return "Name: " + getName() +
"\nStudent number: " + studentNumber;
}
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For the Student object joe, we can invoke the method with the statement
System.out.println(joe.toString());

However, we can get the exact same result without the toString:
System.out.println(joe);

This happens because Java uses dynamic binding with the toString method.
The various println methods that belong to the object System.out were written
long before we defined the class Student. Yet the invocation calls the definition of
toString in the class Student, not the definition of toString in the class Object,
because joe references an object of type Student %ZOBNJD CJOEJOH JT XIBU
makes this work. Because System.out.println invokes toString in this manner,
always defining a suitable toString method for your classes is a good idea.
RECAP Dynamic Binding and Polymorphism
With dynamic, or late, binding the definition of a method is not bound
to an invocation of the method until run time when the method is
called. Polymorphism refers to the ability to associate many meanings
to one method name through the dynamic binding mechanism. Thus,
polymorphism and dynamic binding are really the same topic.

S E L F -TE S T QU ESTI ONS
18. What is polymorphism?
19. What is dynamic binding? What is late binding? Give an example of each.
 *TPWFSMPBEJOHBNFUIPEOBNFBOFYBNQMFPGQPMZNPSQIJTN
 *OUIFGPMMPXJOHDPEF XJMMUIFUXPJOWPDBUJPOTPG writeOutput produce
the same output on the screen or not? (The relevant classes are defined in
-JTUJOHT  BOE
Person person = new Student("Sam", 999);
person.writeOutput();
person = new Undergraduate("Sam", 999, 1);
person.writeOutput();

 *OUIFGPMMPXJOHDPEF XIJDIEFGJOJUJPOPG writeOutput is invoked? (The
classes are defined in the previous case study.)
Undergraduate ug = new Undergraduate("Sam", 999, 1);
Personp = (Person) ug;
p.writeOutput();

8.4 Interfaces and Abstract Classes
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8.4 INTERFACES AND ABSTRACT CLASSES
Art, it seems to me, should simplify. That, indeed, is very nearly the whole of
the higher artistic process; finding what conventions of form and what details
one can do without and yet preserve the spirit of the whole . . .
—WILLA SIBERT CATHER, ON THE ART OF FICTION

Chapter 5 defined a class interface as the portion of a class that tells a
programmer how to use it. In particular, a class interface consists of the
headings for the public methods and public named constants of the class,
along with any explanatory comments. Knowing only a class’s interface—that
is, the specifications of its public methods—a programmer can write code that
uses the class. The programmer does not need to know anything about the
class’s implementation.
6OUJMOPX XFIBWFJOUFHSBUFEBDMBTTTJOUFSGBDFJOUPJUTEFGJOJUJPO+BWB 
however, enables you to write an interface and to store it in its own file,
TFQBSBUFGSPNUIFJNQMFNFOUBUJPOGJMF-FUTGVSUIFSFYBNJOFUIFJEFBPGBDMBTT
interface and see how this concept translates to a Java interface.

Class Interfaces
In Chapter 1, we imagined a person calling her pets to dinner by whistling.
Each animal responded in its own way: Some ran, some flew, and some
TXBN-FUTTQFDJGZTPNFCFIBWJPSTGPSUIFTFQFUT'PSFYBNQMF TVQQPTFPVS
pets are able to
t #FOBNFE
t &BU
t 3FTQPOEUPBDPNNBOE
We could specify the following method headings for these behaviors:
t /** Sets a pets name to petName. */
public void setName(String petName)

t /** Returns true if a pet eats the given food.*/
public boolean eat(String food)

t /** Returns a description of a pet’s response to the given
command. */
public String respond(String command)

These method headings can form a class interface.
Now imagine that each of the three classes Dog, Bird, and Fish
implements all of these methods. The objects of these classes then have the
same behaviors—that is, each object can be named, can eat, and can respond.
The nature of these behaviors, however, can be different among the objects.

An example of a
class interface
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Although dogs, birds, and fish respond to a command, for example, the way
they respond differs.
Imagine a Java statement such as
String response = myPet.respond("Come!");

This statement is legal regardless of whether myPet names a Dog object, a Bird
object, or a Fish object. The value of the string response, however, differs
according to the type of object that myPet names. We can substitute one type
of object for the other with no problem, as long as each of the three classes
implements the method respond in its own way. How can we be sure that a
class implements certain methods? Read on.

Java Interfaces
A Java interface is a program component that contains the headings for a
number of public methods. Some interfaces describe all the public methods in
a class, while others specify only certain methods. An interface also can define
public named constants. In addition, an interface should include comments
that describe the methods, so a programmer will have the necessary information
to implement them. In this way, a class designer can specify methods for other
QSPHSBNNFST*OGBDU UIF+BWB$MBTT-JCSBSZDPOUBJOTJOUFSGBDFTUIBUBSFBMSFBEZ
written for your use, but you can also define your own.
The class interface that we wrote in the previous section is almost in
the form necessary for a Java interface. A Java interface begins like a class
definition, except that you use the reserved word interface instead of class.
That is, an interface begins with
public interface Interface_Name

rather than
public class Class_Name

You name and
store an interface
as you would a
class
An interface
has no instance
variables,
constructors,
or method
definitions

The interface can contain any number of public method headings, each
GPMMPXFECZBTFNJDPMPO'PSFYBNQMF -JTUJOHDPOUBJOTB+BWBJOUFSGBDFGPS
objects whose methods return their perimeters and areas.
By convention, an interface name begins with an uppercase letter, just
as class names do. You store an interface in its own file, using a name that
begins with the name of the interface, followed by .java. For example, the
JOUFSGBDFJO-JTUJOHJTJOUIFGJMF Measurable.java. This interface provides
a programmer with a handy summary of the methods’ specifications. The
programmer should be able to use these methods given only the information
in the interface, without looking at the method bodies.
An interface does not declare any constructors for a class. Methods within
an interface must be public, so you can omit public from their headings. An
interface can also define any number of public named constants. It contains
no instance variables, however, nor any complete method definitions—that
is, methods cannot have bodies.

8.4 Interfaces and Abstract Classes

LISTING 8.7 A Java Interface
/**
An interface for methods that return
the perimeter and area of an object.
*/
public interface Measurable
{
/** Returns the perimeter. */
public double getPerimeter();
/** Returns the area. */
Do not forget the semicolons at
public double getArea();
the end of the method headings.
}

RECAP Java Interfaces
SYNTAX
public interface Interface_Name
{
Public_Named_Constant_Definitions
. . .
Public_Method_Heading_1;
. . .
Public_Method_Heading_n;
}

EXAMPLE
/**
An interface of static methods to convert measurements
between feet and inches.
*/
public interface Convertible
{
public static final int INCHES_PER_FOOT = 12;
public static double convertToInches(double feet);
public static double convertToFeet(double inches);
}

Implementing an Interface
When you write a class that defines the methods declared in an interface,
we say that the class implements the interface. A class that implements an
interface must define a body for every method that the interface specifies.
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A class that
implements an
interface defines
each specified
method

It might also define methods not declared in the interface. That is, an interface
need not declare every method defined in a class. In addition, a class can
implement more than one interface.
To implement an interface, a class must do two things:
1. Include the phrase
implements Interface_Name

at the start of the class definition. To implement more than one interface,
just list all the interface names, separated by commas, as in
implements MyInterface, YourInterface

 %FGJOFFBDINFUIPEEFDMBSFEJOUIFJOUFSGBDF T 
In this way, a programmer can guarantee—and indicate to other programmers—
that a class defines certain methods. Additionally, recall that Java does not
allow a class to be derived from multiple parent classes. However, a class can
implement multiple interfaces. This is a way to capture some of the behavior
that would be possible with multiple inheritance.
For example, to implement the interface Measurable TIPXO JO -JTUJOH
8.7, a class Rectangle must begin as follows:
public class Rectangle implements Measurable

The class must also implement the two methods getPerimeter and getArea.
A full definition of the class RectangleJTHJWFOJO-JTUJOH
Other classes, such as the class Circle TIPXO JO -JTUJOH   DBO
implement the interface Measurable. Notice that Circle defines the method
getCircumference in addition to the methods declared in the interface.
It isn’t unusual for a class to define two methods that perform the same
UBTL %PJOH TP QSPWJEFT B DPOWFOJFODF GPS QSPHSBNNFST XIP VTF UIF DMBTT
but prefer a more familiar name for a particular method. Notice, however,
that getCircumference calls getPerimeter instead of performing its own
DBMDVMBUJPO%PJOHTPNBLFTUIFDMBTTFBTJFSUPNBJOUBJO'PSFYBNQMF JGXF
ever discovered a problem with the statements in getPerimeter, fixing it
would also fix getCircumference.

REMEMBER Interfaces Help Designers and Programmers
Writing an interface is a way for a class designer to specify methods
for another programmer. Implementing an interface is a way for a
programmer to guarantee that a class defines certain methods.

8.4 Interfaces and Abstract Classes
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LISTING 8.8 An Implementation of the Interface Measurable
/**
A class of rectangles.
*/
public class Rectangle implements Measurable
{
private double myWidth;
private double myHeight;
public Rectangle(double width, double height)
{
myWidth = width;
myHeight = height;
}
public double getPerimeter()
{
return 2 * (myWidth + myHeight);
}
public double getArea()
{
return myWidth * myHeight;
}
}

REMEMBER Several Classes Can Implement the Same Interface
Different classes can implement the same interface, perhaps in different
ways. For example, many classes can implement the interface Measurable
and provide their own version of the methods getPerimeter and getArea.

An Interface as a Type
An interface is a reference type. Thus, you can write a method that has a
parameter of an interface type, such as a parameter of type Measurable. For
example, suppose that your program defines the following method:
public static void display(Measurable figure)
{
double perimeter = figure.getPerimeter();
double area = figure.getArea();
System.out.println("Perimeter = " + perimeter +
"; area = " + area);
}

Your program can invoke this method, passing it an object of any class that
implements the interface Measurable.

An interface is a
reference type
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LISTING 8.9 Another Implementation of the Interface
Measurable

/**
A class of circles.
*/
public class Circle implements Measurable
{
private double myRadius;
public Circle(double radius)
{
myRadius = radius;
}
public double getPerimeter()
{
return 2 * Math.PI * myRadius;
}
This method is not declared
public double getCircumference()
in the interface.
{
return getPerimeter();
Calls another method instead
}
of repeating its body
public double getArea()
{
return Math.PI * myRadius * myRadius;
}
}

For instance, your program might contain the following statements:
Measurable box = new Rectangle(5.0, 5.0);
Measurable disc = new Circle(5.0);

Even though the type of both variables is Measurable, the objects referenced
by box and disc have different definitions of getPerimeter and getArea. The
variable box references a Rectangle object; disc references a Circle object.
Thus, the invocation
display(box);

displays
Perimeter = 20.0; area = 25.0

while the invocation
display(disc);

displays
Perimeter = 31.4; area = 78.5

The classes Rectangle and Circle implement the same interface, so we are
able to substitute an instance of one for an instance of the other when we call
the method display. This is another example of polymorphism—the ability

8.4 Interfaces and Abstract Classes

to substitute one object for another using dynamic binding. These terms refer
to the fact that the method invocation is not bound to the method definition
until the program executes.
As another example, consider the following code:

Objects having
the same
interface
can be used
interchangeably

Measurable m;
Rectangle box = new Rectangle(5.0, 5.0);
m = box;
display(m);
Circle disc = new Circle(5.0);
m = disc;
display(m);

The two calls to display are identical, and the code within the method
display is identical in both cases. Thus, the invocations of getPerimeter
and getArea within display are identical. Yet these invocations use different
definitions for getPerimeter and getArea, and so the two invocations of
display produce different output, just as they did in our earlier example.
A variable of an interface type can reference an object of a class that
implements the interface, but the object itself always determines which
method actions to use for every method name. The type of the variable does
not matter. What matters is the class name when the object was created,
because Java uses dynamic binding. Not even a type cast will fool Java.
You therefore need to be aware of how dynamic binding interacts with
the Java compiler’s type checking. For example, consider
Measurable m = new Circle(5.0);

We can assign an object of type Circle to a variable of type Measurable, again
because Circle implements Measurable. However, we can use the variable to
invoke only a method that is in the interface Measurable. Thus, the invocation
of getCircumference in
System.out.println(m.getCircumference()); //ILLEGAL!

is illegal, because getCircumference is not the name of a method in the
Measurable interface. In this invocation, the variable m is of type Measurable,
but the object referenced by m is still an object of type Circle. Thus, although
the object has the method getCircumference, the compiler does not know
this! To make the invocation valid, you need a type cast, such as the following:
Circle c = (Circle)m;
System.out.println(c.getCircumference());//Legal

REMEMBER What Is Legal and What Happens
A variable’s type determines what method names can be used, but the
object the variable references determines which definition of the method
will be used.
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RECAP Dynamic Binding and Polymorphism Apply to
Interfaces
Dynamic binding applies to interfaces just as it does with classes. The
process enables objects of different classes to substitute for one another,
if they have the same interface. This ability—called polymorphism—
allows different objects to use different method actions for the same
method name.

S E L F -TE S T QU ESTI ONS
 *NBHJOFBDMBTTOval that defines the methods getPerimeter and getArea
but does not have the clause implements Measurable. Could you pass
an instance of Oval as an argument to the method display given in the
previous section?
 $BOBDMBTTJNQMFNFOUNPSFUIBOPOFJOUFSGBDF

Extending an Interface

You can define
an interface
based on another
interface

Once you have an interface, you can define another interface that builds on,
or extends, the first one by using a kind of inheritance. Thus, you can create
an interface that consists of the methods in an existing interface plus some
new methods.
For example, consider the classes of pets we discussed earlier and the
following interface:
public interface Nameable
{
public void setName(String petName);
public String getName();
}

We can extend Nameable to create the interface Callable:
public interface Callable extends Nameable
{
public void come(String petName);
}

A class that implements Callable must implement the methods come,
setName, and getName.
You also can combine several interfaces into a new interface and add
even more methods if you like. For example, suppose that in addition to the
previous two interfaces, we define the following interfaces:

8.4 Interfaces and Abstract Classes
public interface Capable
{
public void hear();
public String respond();
}
public interface Trainable extends Callable, Capable
{
public void sit();
public String speak();
public void lieDown();
}

A class that implements Trainable must implement the methods setName,
getName, come, hear, and respond, as well as the methods sit, speak, and
lieDown.

S E L F-TE S T QU E S TIO N S
 4VQQPTF B DMBTT C implements the interface Trainable, as defined in
the previous section. Can you pass an instance of C to a method whose
parameter is of type Capable?
 4VQQPTF B DMBTT D implements the interfaces Callable and Capable, as
defined in the previous section. Can you pass an instance of D to a
method whose parameter is of type Trainable?

CASE STUDY Character Graphics
Java has methods to draw graphics on your computer screen. Suppose,
however, that the screen on the inexpensive device you are designing for has
no graphics capability, allowing only text output. In this case study, we will
design three interfaces and three classes that produce graphics on a screen by
placing ordinary keyboard characters on each line to draw simple shapes. Our
drawings will not be sophisticated, but we will be able to explore the use of
interfaces and inheritance in solving a problem.
-FUT CFHJO CZ XSJUJOH BO JOUFSGBDF UIBU TQFDJGJFT UIF NFUIPET UIBU PVS
objects should have. Suppose the method drawHere draws the shape beginning
at the current line and drawAt draws it after moving a given number of lines
down from the current one.
All shapes have some properties in common. For example, each of the
shapes will have an offset telling how far it is indented from the left edge of
the screen. We can include set and get methods for this offset. Each shape will
also have a size, but the size of some shapes is described by a single number,
while the size of others is determined by several numbers. Since the size will

Specify the
solution by
writing an
interface
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be specified according to the kind of shape, it isn’t an attribute that all shapes
XJMMIBWFJODPNNPO-JTUJOHDPOUBJOTBOJOUFSGBDFGPSUIFNFUIPETUIBU
all shapes will have.
Suppose we want to draw rectangles and triangles. The size of a rectangle
is given as its width and height, each expressed as a number of characters.
Because characters are taller than they are wide, a rectangle might look taller
than we expect. For example, a 5 by 5 rectangle will not look square on the
screen, but will appear as shown in Figure 8.5.
Suppose we decide that a triangle will always point up, with its base at
the bottom. After choosing the length of the base, and to make the other sides
smooth, the slopes of the sides are limited to what we get by indenting one
character per line. So once the base is chosen, we have no choice regarding
what the sides of the triangle will be. Figure 8.5 also shows a sample of a
triangle.
If we could be content to specify a shape’s offset and size in its constructor
BMPOF UIFJOUFSGBDFXFXSPUFJO-JTUJOHXPVMETVGGJDF#VUTVQQPTFUIBU
we also want to be able to redefine the size of an existing shape. That is, we
want a mutator method. Since the size of a shape depends on the shape being
LISTING 8.10 An Interface for Drawing Shapes Using
Keyboard Characters
/**
Interface for simple shapes drawn on
the screen using keyboard characters.
*/
public interface ShapeInterface
{
/**
Sets the offset for the shape.
*/
public void setOffset(int newOffset);
/**
Returns the offset for the shape.
*/
public int getOffset();
/**
Draws the shape at lineNumber lines down
from the current line.
*/
public void drawAt(int lineNumber);
/**
Draws the shape at the current line.
*/
public void drawHere();
}

8.4 Interfaces and Abstract Classes

FIGURE 8.5 A Sample Rectangle and Triangle
_____
|
|
|
|
|
|
_____

Offset

A 5 by 5
rectangle

*
* *

*

*

*

*

*

*

*

Triangle whose size is
determined by its base

*
*
*
***************
Base of size 15

drawn, we will define two more interfaces, one for rectangles and one for
USJBOHMFT-JTUJOHDPOUBJOTUIFTFJOUFSGBDFT/PUFUIBUCPUIPGUIFNFYUFOE
ShapeInterface.
LISTING 8.11 Interfaces for Drawing Rectangles
and Triangles
/**
Interface for a rectangle to be drawn on the screen.
*/
public interface RectangleInterface extends ShapeInterface
{
/**
Sets the rectangle's dimensions.
*/
public void set(int newHeight, int newWidth);
}
/**
Interface for a triangle to be drawn on the screen.
*/
public interface TriangleInterface extends ShapeInterface
{
/**
Sets the triangle's base.
*/
public void set(int newBase);
}
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Try writing some
code that uses
the specifications
of your classes

We now have our specifications, so we can try to write some Java
statements that use our drawing methods. For example, we could draw an 8
by 4 rectangle on the current line, offset five spaces, as follows:
RectangleInterface box = new Rectangle(5, 8, 4);
box.drawHere();

We then could revise the size and indentation of the object box and draw it
after moving down on the screen by two lines, as follows:
box.set(5, 5);
box.setOffset(10);
box.drawAt(2);
Attributes and
methods common
to the classes can
form a base class

Our specifications seem reasonable, so we’ll now go on to some
JNQMFNFOUBUJPO JTTVFT -FUT XSJUF B CBTF DMBTT OBNFE ShapeBasics that
implements ShapeInterface-BUFSXFDBOEFSJWFUIFDMBTTFT Rectangle and
Triangle from this base class. We saw that the only common attribute is the
offset, so the class ShapeBasics will have only the following instance variable:
private int offset;

ShapeBasics is
our base class

Our interface specifies the class’s methods, so we need only define them
BOEBEETPNFBQQSPQSJBUFDPOTUSVDUPST-JTUJOHDPOUBJOTBEFGJOJUJPOGPS
the class ShapeBasics.
LISTING 8.12 The Base Class ShapeBasics (part 1 of 2)
/**
Class for drawing simple shapes on the screen using keyboard
characters. This class will draw an asterisk on the screen as a
test. It is not intended to create a "real" shape, but rather
to be used as a base class for other classes of shapes.
*/
public class ShapeBasics implements ShapeInterface
{
private int offset;
public ShapeBasics()
{
offset = 0;
}
public ShapeBasics(int theOffset)
{
offset = theOffset;
}
public void setOffset(int newOffset)
{
offset = newOffset;
}

(continued)
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LISTING 8.12 The Base Class ShapeBasics (part 2 of 2)
public int getOffset()
{
return offset;
}
public void drawAt(int lineNumber)
{
for (int count = 0; count < lineNumber; count++)
System.out.println();
drawHere();
}
public void drawHere()
{
for (int count = 0; count < offset; count++)
System.out.print(' ');
System.out.println('*');
}
}

The method drawAt has one parameter of type int, whose value indicates
the number of blank lines to be inserted before the drawing of the shape. The
shape is drawn by a call to drawHere.
The method drawHere indents a number of spaces on the screen equal
to the offset and then writes an asterisk on the screen. This simple output is
just so you can have something to test. You do not intend to use this version
of drawHere in any application. You will override the definition of drawHere
when you define classes for rectangles and triangles.
Now we turn our attention to the class for drawing a rectangle. The class,
called Rectangle, will be a derived class of the class ShapeBasics. Thus, the
class definition will begin with

drawAt calls
drawHere
Derived classes
must override
drawHere

public class Rectangle extends ShapeBasics

Since we want our class to implement RectangleInterface, we add an
implements clause, as follows:
public class Rectangle extends ShapeBasics
implements RectangleInterface

When you have both an extends clause and an implements clause, the extends
clause is always first. An easy way to remember the order of these two clauses is
to notice that the keywords extends and implements are in alphabetical order.
We need to decide what instance variables, if any, to add to those already
in the class ShapeBasics. We also need to decide whether to override any
method definitions in ShapeBasics. Our class Rectangle will be able to
use the instance variable offset in the base class, but we need to have
instance variables for the height and the width of the rectangle. Thus, the class
definition looks like the following:

extends is
always before
implements
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public class Rectangle extends ShapeBasics
implements RectangleInterface
{
private int height;
private int width;
<Method definitions>
}

Each constructor
in a derived class
calls a constructor
in the base class
ShapeBasics

Note that we do not list the instance variable offset within Rectangle.
We know that Rectangle needs the usual constructors and a set method
for the sides. Rectangle inherits the methods setOffset, getOffset,
drawAt, and drawHere from the class ShapeBasics. However, we need to
override the definition of the method drawHere so that it does indeed draw
B SFDUBOHMF %P XF OFFE UP PWFSSJEF UIF NFUIPE drawAt? When we look at
the method drawAt JO -JTUJOH   XF TFF UIBU  BT MPOH BT drawHere is
correctly defined, the method drawAt will work fine for a rectangle or any
other shape. Polymorphism will ensure that the correct version of drawHere
is called.
-FUTMPPLGJSTUBUBTBNQMFDPOTUSVDUPS POFUIBUTFUTBMMJOTUBODFWBSJBCMFT
to the values given as its arguments. But one instance variable, namely offset,
is a private instance variable of the base class ShapeBasics, so we cannot
access it directly by name. However, we can either call the method setOffset
or use super to call the base class constructor. We choose the latter, so the
definition of this constructor is as follows:
public Rectangle(int theOffset, int theHeight, int theWidth)
{
super(theOffset);
height = theHeight;
width = theWidth;
}

The default constructor similarly calls the base class default constructor
and sets the rectangle’s dimensions to zero. We could omit an explicit call to
super in the default constructor, and it would be called automatically anyway,
but we leave it in for clarity.
The method set, as specified in RectangleInterface, is straightforward,
so let’s examine the method drawHere, which depends heavily on the
particulars of the shape it is drawing. We can use a technique known as topdown design. In this technique, we break down the task to be performed into
subtasks. We have the following subtasks:
Algorithm to draw a rectangle

 %SBXUIFUPQMJOF
 %SBXUIFTJEFMJOFT
 %SBXUIFCPUUPNMJOF
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Note that not every way of choosing subtasks will work. You might at first be
tempted to draw the sides of the box in two subtasks. However, output must
be produced one line after the other, and you are not allowed to back up.
Thus, we must draw the two sides together so they will be side by side, as they
should be.
The definition of the method drawHere is easy:
public void drawHere()
{
drawHorizontalLine();
drawSides();
drawHorizontalLine();
}

Although that was easy, it does postpone most of the work. You still need to
define the methods drawHorizontalLine and drawSides. Because these are
helping methods, they will be private methods.
The logic for drawHorizontalLine is not complicated, as you can see
from the following pseudocode:

Subtasks of
drawHere are
realized as private
methods

Algorithm for drawHorizontalLine

 %JTQMBZoffset blank spaces.
 %JTQMBZwidth copies of the character '-'.
3. System.out.println();
The task of writing a specified number of blanks is done by another helping
method called skipSpaces, which contains a simple loop. The final code for
the method drawHorizontalLine is
private void drawHorizontalLine()
{
skipSpaces(getOffset());
for (int count = 0; count < width; count++)
System.out.print('-');
System.out.println();
}

Next we consider the method drawSides. Its task is to draw a shape like
the following:
|
|
|
|

|
|
|
|

Since each line is identical, we can treat the display of one of these lines as a
subtask. So the definition of the method drawSides is

Drawing both
sides
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private void drawSides()
{
for (int count = 0; count < (height - 2); count++)]
drawOneLineOfSides();
}

Note that we display two fewer lines than the height. The top and bottom
horizontal lines account for those extra two units of height.
Just about all that is left to do is to define the helping method drawOneLineOfSides. Because we already have a method for the subtask of writing
spaces, the pseudocode for drawOneLineOfSides turns out to be Java code:
skipSpaces(getOffset());
System.out.print('|');
skipSpaces(width - 2);
System.out.println('|');

8F BSF CBTJDBMMZ EPOF -JTUJOH  HJWFT UIF DPNQMFUF DMBTT EFGJOJUJPO PG
Rectangle.
LISTING 8.13 The Class Rectangle (part 1 of 2)
/**
Class for drawing rectangles on the screen using keyboard
characters. Each character is higher than it is wide, so
these rectangles will look taller than you might expect.
Inherits getOffset, setOffset, and drawAt from the class
ShapeBasics.
*/
public class Rectangle extends ShapeBasics
implements RectangleInterface
{
private int height;
private int width;
public Rectangle()
{
super();
height = 0;
width = 0;
}
public Rectangle(int theOffset, int theHeight,
int theWidth)
{
super(theOffset);
height = theHeight;
width = theWidth;
}

(continued)
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LISTING 8.13 The Class Rectangle (part 2 of 2)

}

public void set(int newHeight,int newWidth)
{
height = newHeight;
width = newWidth;
}
public void drawHere();
{
drawHorizontalLine();
drawSides();
drawHorizontalLine();
}
private void drawHorizontalLine()
{
skipSpaces(getOffset());
for (int count = 0; count < width; count++)
System.out.print('-');
System.out.println();
}
private void drawSides()
{
for (int count = 0; count < (height - 2); count++)
drawOneLineOfSides();
}
private void drawOneLineOfSides()
{
skipSpaces(getOffset());
System.out.print(`|');
skipSpaces(width - 2);
System.out.println(`|');
}
//Writes the indicated number of spaces.
private static void skipSpaces(int number)
{
for (int count = 0; count < number; count++)
System.out.print(' ');
}
For clarity, the method skipSpaces was made

static because it does not depend on an object.

Although we will not stop to describe the testing process in this case study,
all the methods in the class ShapeBasics, the class Rectangle, and the class
Triangle—which we have not yet discussed—need to be tested. Remember, each
method should be tested in a program in which it is the only untested method.
-JTUJOHDPOUBJOTUIFEFGJOJUJPOPGUIFDMBTT Triangle. We can design
this class using the same techniques we used to design the class Rectangle.
We will discuss only one part of the method drawHere for which the technical
details might not be clear at first. The method drawHere divides its task into

Test the methods
along the way
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LISTING 8.14 The Class Triangle (part 1 of 2)
/**
Class for drawing triangles on the screen using keyboard
characters. A triangle points up. Its size is determined
by the length of its base, which must be an odd integer.
Inherits getOffset, setOffset, and drawAt from the class
ShapeBasics.
*/
public class Triangle extends ShapeBasics
implements TriangleInterface
{
private int base;
public Triangle()
{
super();
base = 0;
}
public Triangle(int theOffset, int theBase)
{
super(theOffset);
base = theBase;
}
/** Precondition: newBase is odd. */
public void set(int newBase)
{
base = newBase;
}
public void drawHere()
{
drawTop();
drawBase();
}
private void drawBase()
{
skipSpaces(getOffset());
for (int count = 0; count < base; count++)
System.out.print('*');
System.out.println();
}
private void drawTop()
{
//startOfLine == number of spaces to the
//first '*' on a line. Initially set to the
//number of spaces before the topmost '*'.
int startOfLine = getOffset() + base / 2;
skipSpaces(startOfLine);
System.out.println('*');//top '*'

(continued)
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LISTING 8.14 The Class Triangle (part 2 of 2)
int lineCount = base / 2 - 1;//height above base
//insideWidth == number of spaces between the
//two '*'s on a line.
int insideWidth = 1;
for (int count = 0; count < lineCount; count++)
{
//Down one line, so the first '*' is one more
//space to the left.
startOfLine --;
skipSpaces(startOfLine);
System.out.print.('*');
skipSpaces(insideWidth);
System.out.println('*');
//Down one line, so the inside is 2 spaces wider.
insideWidth = insideWidth + 2;
}
}
private static void skipSpaces(int number)
{
for (int count = 0; count < number; count++)
System.out.print(' ');
}
}

UXP TVCUBTLT %SBX UIF JOWFSUFE 7 GPS UIF UPQ PG UIF USJBOHMF  BOE ESBX UIF
horizontal line for the bottom of the triangle.
drawTop draws
The method drawTop draws a shape like the following:

two sides of the
triangle

Note that the entire shape is offset. The indentation for the wide bottom of
the shape is exactly this offset. But going up from bottom to top, each line
has a greater indentation. Alternatively, moving down the lines from top to
bottom—as the computer must—the indentation decreases by one character
per line. So if the indentation for the top of the triangle is given by the value
of the int variable startOfLine, the first indentation can be performed by
skipSpaces(startOfLine);

We then write a single asterisk.
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Loop that draws
two sides without
the asterisk at
their juncture

After writing the asterisk for the first line, we need to write two asterisks
for each subsequent line. We write a loop that decreases startOfLine by 1
on each iteration and executes a statement exactly like the previous call to
skipSpaces. We then write an asterisk and skip some more spaces before
writing the second asterisk. The size of the gap between the two asterisks on
BMJOFJODSFBTFTCZBTXFNPWFEPXOGSPNMJOFUPMJOF*GUIJTHBQJTHJWFO
by the value of the int variable insideWidth, the loop for drawing all of the
JOWFSUFE7FYDFQUGPSUIFUPQBTUFSJTLDBOCF
for (int count = 0; count < lineCount; count++)
{
startOfLine–-;
skipSpaces(startOfLine);
System.out.print(*);
skipSpaces(insideWidth);
System.out.println(*);
insideWidth = insideWidth + 2;
}
The complete definition of the method drawTopJTHJWFOJO-JTUJOH

The base of the triangle is a line of asterisks. Ideally, we should use an odd
number of asterisks, for otherwise the triangle will look slightly off-balance.
However, to keep the class simple, we simply state this as a precondition of
Triangle’s set method and do not try to enforce it.
5IFTBNQMFBQQMJDBUJPOQSPHSBNTIPXOJO-JTUJOHEFNPOTUSBUFTPVS
classes by drawing a triangle and a rectangle to form a crude picture of a fir
tree.
LISTING 8.15 A Demonstration of Triangle and Rectangle
(part 1 of 2)
/**
A program that draws a fir tree composed of a triangle and
a rectangle, both drawn using keyboard characters.
*/
public class TreeDemo
{
public static final int INDENT = 5;
public static final int TREE_TOP_WIDTH = 21;// must be odd
public static final int TREE_BOTTOM_WIDTH = 4;
public static final int TREE_BOTTOM_HEIGHT = 4;
public static void main(String[] args)
{
drawTree(TREE_TOP_WIDTH, TREE_BOTTOM_WIDTH,
TREE_BOTTOM_HEIGHT);
}

(continued)

8.4 Interfaces and Abstract Classes

LISTING 8.15 A Demonstration of Triangle and Rectangle
(part 2 of 2)
public static void drawTree(int topWidth, int bottomWidth,
int bottomHeight)
{
System.out.println("
Save the Redwoods!");
TriangleInterface treeTop = new Triangle(INDENT, topWidth);
drawTop(treeTop);
RectangleInterface treeTrunk = new Rectangle(INDENT +
(topWidth / 2) - (bottomWidth / 2),
bottomHeight, bottomWidth);
drawTrunk(treeTrunk);
}
private static void drawTop(TriangleInterface treeTop)
{
treeTop.drawAt(1);
}
private static void drawTrunk(RectangleInterface treeTrunk)
{
treeTrunk.drawHere(); // or treeTrunk.drawAt(0);
}
}

Screen Output
Save the Redwoods!
*
* *
*
*
*
*
*
*
*
*
*
*
*
*
*
*
********************
---|
|
|
|
----

S E L F-TE S T QU E S TIO N S
 *T UIF EFGJOJUJPO PG drawHere HJWFO JO -JTUJOH  BO FYBNQMF PG
overloading or overriding?
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 *T UIF EFGJOJUJPO PG drawHere HJWFO JO -JTUJOH  BO FYBNQMF PG
overloading or overriding?
 "SF UIF UXP EFGJOJUJPOT PG UIF DPOTUSVDUPST HJWFO JO -JTUJOH  BO
example of overloading or overriding?
30. The private method skipSpaces appears in the definitions of both
Rectangle -JTUJOH BOE Triangle -JTUJOH $BOXFNPWFUIJT
method to the base class ShapeBasics -JTUJOH TPUIBUCPUIRectangle
and Triangle can inherit it instead of each defining its own copy?
 %FTDSJCF UIF JNQMFNFOUBUJPO PG UIF NFUIPE drawHere for a class called
Diamond that is derived from the class ShapeBasics. Programming Project
BUUIFFOEPGUIJTDIBQUFSBTLTZPVUPBDUVBMMZXSJUFUIJTDMBTT Hint: The
class Diamond is similar to the class Triangle.)

CASE STUDY The Comparable Interface
Java has many predefined interfaces that are used by many classes. One of
them is the Comparable interface, and it is used to impose an ordering upon
the objects that implement it. The Comparable interface has only one method
heading. The method compareTo must be written for a class to implement the
Comparable interface.
public int compareTo(Object other);

The interface allows you to specify how one object compares to another in
terms of when one should “come before” or “come after” or “equal” the other.
It is the programmer’s responsibility to follow the semantics appropriately.
For example, if you define A to come before B, and B to come before C, you
shouldn’t allow C to come before A.
The compareTo method should return
t B OFHBUJWF OVNCFS JG UIF DBMMJOH PCKFDU iDPNFT CFGPSFw UIF QBSBNFUFS
other,
t B[FSPJGUIFDBMMJOHPCKFDUiFRVBMTwUIFQBSBNFUFSother,
t BOE B QPTJUJWF OVNCFS JG UIF DBMMJOH PCKFDU iDPNFT BGUFSw UIF QBSBNFUFS
other.
As an example, consider the idiom that one can’t compare apples to
PSBOHFT-FUTTIPXUIBUUIJTJEJPNEPFTOURVJUFBQQMZUP+BWBDMBTTFTCFDBVTF
we can define the compareTo method as we see fit. Our first attempt to define
a Fruit class to represent apples and oranges might look like the code in
-JTUJOH  5IJT TJNQMF DMBTT VTFT B String to store the name of the fruit
along with methods to get and set the name. The constructor takes the name
of the fruit. This initial attempt does not implement any interfaces.

8.4 Interfaces and Abstract Classes

LISTING 8.16 First Attempt to Define a Fruit Class
public class Fruit
{
private String fruitName;
public Fruit()
{
fruitName = "";
}
public Fruit(String name)
{
fruitName = name;
}
Public void setName(String name)
{
fruitName = name;
}
public String getName()
{
return fruitName;
}
}

" TIPSU EFNP QSPHSBN JT HJWFO JO -JTUJOH  UIBU BUUFNQUT UP VTF UIF
Fruit class. In this example we make an array that contains four Fruit objects.
Then we try to sort the array using Arrays.sort described in Chapter 7.4.

LISTING 8.17 Program to Sort an Array of Fruit Objects
import java.util.Arrays;
public class FruitDemo
{
public static void main(String[] args)
{
Fruit[] fruits = new Fruit[4];
fruits[0] = new Fruit("Orange");
fruits[1] = new Fruit("Apple");
fruits[2] = new Fruit("Kiwi");
fruits[3] = new Fruit("Durian");
Arrays.sort(fruits);
// Output the sorted array of fruits
for (Fruit f : fruits)
{
System.out.println(f.getName());
}
}
}
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5IFQSPHSBNJO-JTUJOHXJMMDPNQJMFBOESVOCVUQSPEVDFUIFGPMMPXJOH
run-time error:
Exception in thread "main" java.lang.ClassCastException: Fruit
cannot be cast to java.lang.Comparable

This error occurs because Java doesn’t know how to compare two
instances of the Fruit class to each other to see if one “comes after” the other
when attempting to sort the array. More precisely, the Arrays.sort method
has been written with the expectation that the objects passed in the array have
a compareTo method in accordance with the Comparable interface. Arrays.
sort attempts to invoke compareTo on objects in the array (for example, to see
if fruits[0] is greater than fruits[1]) so they can be rearranged in sorted
order, but since the method doesn’t exist there is an error.
The solution is to make sure that the Fruit class implements the
Comparable interface with a compareTo method. One way we might compare
one fruit to another is to use the lexicographic ordering of the fruit name.
-FYJDPHSBQIJDPSEFSJOHJTUIFTBNFBTBMQIBCFUJDBMPSEFSJOHXIFOCPUITUSJOHT
are either all uppercase or all lowercase letters. For example, apples would
come before oranges because the word “apple” is lexicographically ordered
before “orange.” To accomplish this we can use the compareTo method
defined for the String class. That is, if we have two strings str1 and str2 then
str1.compareTo(str2)

will return a negative number if str1 is lexicographically before str2, the value
0 if str1 is equal to str2, and a positive number if str1 is lexicographically
after str2. The compareTo method we write for the Fruit class can then
return the result of the compareTo method for the names of the fruits being
DPNQBSFE5IFDPEFJO-JTUJOHDPOUBJOTBWFSTJPOPGUIFFruit class with
these changes highlighted.

LISTING 8.18

A Fruit Class implementing Comparable
(part 1 of 2)

public class Fruit implements Comparable
{
private String fruitName;
public Fruit()
{
fruitName = "";
}
public Fruit(String name)
{
fruitName = name;
}

(continued)

8.4 Interfaces and Abstract Classes

LISTING 8.18 A Fruit Class implementing Comparable
(part 2 of 2)
public void setName(String name)
{
fruitName = name;
}
public String getName()
{
return fruitName;
}
public int compareTo(Object o)
{
if ((o != null) &&
(o instanceof Fruit))
{
Fruit otherFruit = (Fruit) o;
return (fruitName.compareTo(otherFruit.fruitName));
}
return -1;
// Default if other object is not a Fruit
}
}

/PXUIFQSPHSBNJO-JTUJOHXJMMSVOBOEQSPEVDFUIFPVUQVU
Apple
Durian
Kiwi
Orange

The Arrays.sort method is now successful because it can call the
compareTo method to compare objects in the array and reorder them. To drive
home the point that our compareTo method is being called from within the
Arrays.sort method, we can redefine compareTo with different criteria to sort
fruit. Instead of lexicographic ordering, let’s use the length of the fruit name as
the comparison metric. Fruit with shorter names will come before fruit with
longer names. Below is an alternate definition of the compareTo method:
public int compareTo(Object o)
{
if ((o != null) &&
(o instanceof Fruit))
{
Fruit otherFruit = (Fruit) o;
if (fruitName.length() >
otherFruit.fruitName.length())
return 1;
else if (fruitName.length() <
otherFruit.fruitName.length())
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return -1;
else
return 0;
}
return -1;

// Default if other object is not a Fruit

}

5IFQSPHSBNJO-JTUJOHXJMMOPXQSPEVDFUIFPVUQVU
Kiwi
Apple
Orange
Durian

The fruits are now sorted in order of shortest word first.

Abstract Classes
When we wrote the class ShapeBasics JO -JTUJOH   XF EJE OPU QMBO UP
create objects of the class ShapeBasics. Instead, we designed it as a base class
for other classes, such as the class RectangleJO-JTUJOH"MUIPVHIXFEP
not really need to create objects of the class ShapeBasics, we can do so, as in
the following statement:
ShapeBasics shapeVariable = new ShapeBasics();

An abstract
method has no
body

To make this statement valid, however, we needed to write a definition for
the method drawHere in the class ShapeBasics. The definition that we wrote
is just a place holder; all it does is draw a single asterisk, just so something
would happen if we invoked it. We never intended to invoke the method
drawHere of an object of the base class ShapeBasics. Rather, we planned
to use the method drawHere only with objects of derived classes, such as
Rectangle and Triangle.
Instead of giving a contrived definition of a method that we plan to
override in a derived class, however, we can declare the method to be abstract,
as follows:
public abstract void drawHere();

We write the keyword abstract in the method heading, follow the heading with
a semicolon, and omit a method body. An abstract method must be overridden
by any (nonabstract) derived class and given a definition. Including an abstract
method in a class is a way to force a derived class to define a particular method.
Java requires that if a class has at least one abstract method, the class must
be declared to be abstract. You do this by including the keyword abstract in
the heading of the class definition, as in the following:
An abstract class
has at least one
abstract method

public abstract class ShapeBase
{ ...

8.4 Interfaces and Abstract Classes

A class defined in this way is said to be an abstract class. If a class is abstract,
you cannot create objects of that class; it can be used only as a base class for
other classes. For this reason, an abstract class is sometimes called an abstract
base class.
*O-JTUJOH XFIBWFSFWJTFEUIFDMBTTShapeBasics as an abstract class
and named it ShapeBase. If we had used this abstract class ShapeBase in the
previous case study, all of our derived classes would work as before, even
though we could not create objects of ShapeBase.
Although the class ShapeBase is abstract, not all of its methods are
abstract. All the method definitions, except for the method drawHere, are
exactly the same as in our original ShapeBasics. They are full definitions and
do not use the keyword abstract. When it makes sense to define a body for
a method in an abstract class, it should be given. That way, as much detail
as possible is pushed into the abstract class, so that such detail need not be
repeated in each derived class.
Why have abstract classes? They simplify your thinking. We have already
explained in the case study that we defined the class ShapeBasics so we
would not have to duplicate the definitions of methods such as drawAt for
every kind of shape. But we also had to write a useless definition for the
method drawHere. An abstract class makes it easier to define a base class
by relieving you of the obligation to write useless method definitions. If
a method will always be overridden, make it an abstract method—and so
LISTING 8.19 The Abstract Class ShapeBase
/**
Abstract base class for drawing simple shapes on the screen
using characters.
*/
public abstract class ShapeBase implements ShapeInterface
{
private int offset;
public abstract void drawHere();

The rest of the class is identical to ShapeBasics in Listing 8.12, except for the names
of the constructors. Only the method drawHere is abstract. Methods other than
drawHere have bodies and do not have the keyword abstract in their headings. We
repeat one such method here:
public void drawAt(int lineNumber)
{
for (int count = 0; count < lineNumber; count++)
System.out.println();
drawHere();
}
}

637

You cannot
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make the class abstract. An abstract method serves a purpose, even though
it is not given a full definition. It serves as a place holder for a method that
must be defined in all (nonabstract) derived classes. Note that the method
drawAt JO -JTUJOH  JODMVEFT BO JOWPDBUJPO PG UIF NFUIPE drawHere. If
the abstract method drawHere were omitted, this invocation of drawHere
would be illegal.
You might notice that an abstract class is very similar to an interface.
Both define methods and you can’t make instances of either one. However,
you can define default methods for the derived classes in an abstract class
and you can only specify the method heading in an interface. Conceptually,
an abstract class represents a conceptual view of an abstract entity in the
problem you are trying to solve. An interface specifies functionality that a
class must support.

REMEMBER An Abstract Class Is a Type
You cannot create an object of an abstract class. For example, given
the abstract class ShapeBase as defined in Listing 8.19, the following
statement is illegal:
ShapeBase f = new ShapeBase(); // ILLEGAL!
VideoNote
Defining an abstract class

Nonetheless, it makes perfectly good sense to have a parameter of
type ShapeBase. Then an object of any of the descendant classes of
ShapeBase can be plugged in for the parameter.

S E L F -TE S T QU ESTI ONS
 *TUIFGPMMPXJOHWBMJEJGShapeBaseJTEFGJOFEBTJO-JTUJOH
ShapeInterface shapeVariable = new ShapeBase();

33. Is the following valid if ShapeBase JT EFGJOFE BT JO -JTUJOH   BOE
Rectangle JT BT EFGJOFE JO -JTUJOH  CVU ShapeBasics is replaced by
ShapeBase?
ShapeBase shapeVariable = new Rectangle();

8.5 GRAPHICS SUPPLEMENT
Good Heavens! For more than forty years I have been speaking prose without
knowing it.
—MOLIÈRE, LE BOURGEOIS GENTILHOMME

8.5 Graphics Supplement
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In this section, we explain how you have been using inheritance every time
ZPV XSJUF UIF EFGJOJUJPO PG BO BQQMFU PS (6* BQQMJDBUJPO 8F BMTP EFTDSJCF
window events and window listeners in more detail.

The Class JApplet
As you can tell from the way we have been writing code for applet classes, an
applet is a derived class of the class JApplet, as indicated by the first line of an
applet class definition. For example:

JApplet is the
base class of
applets

public class LabelDemo extends JApplet

The class JApplet has methods named init and paint. So when you
define an applet’s init or paint method, you are overriding (redefining) the
inherited method. This is why the methods init and paint can be invoked
automatically for you. The details go something like this: Imagine a method
named showApplet1 that has a parameter named anApplet of type JApplet:
public void showApplet(JApplet anApplet)
{
anApplet.init();
...
anApplet.paint();
}

The body of the method showApplet can include invocations like anApplet.
init() and anApplet.paint(), because the class JApplet has methods
named init and paint.
Thanks to polymorphism, any invocation of the method showApplet
with your applet class plugged in for the parameter anApplet will invoke your
definitions of the methods init and paint that you wrote in your applet. Thus,
library classes that were defined before you wrote your applets can be used to
run your applet and automatically invoke your definitions of init and paint.

The Class JFrame
*O $IBQUFS  XF EFTDSJCFE IPX UP CVJME B +BWB (6* BQQMJDBUJPO VTJOH UIF
JFrame class, but at that point we had not covered enough material about
classes and objects to really describe why it worked. At this point we can now
delve into these details. The class JApplet is used as a base class for applets
UIBUXJMMCFSVOGSPNB8FCQBHF5PPCUBJO(6*T XJOEPXJOHJOUFSGBDFT UIBU
can be run as regular Java applications, you use the class JFrame, rather than
JApplet, as the base class. As an example we have rewritten the applet from
-JTUJOH  PG $IBQUFS  CZ SFQMBDJOH UIF CBTF DMBTT JApplet with the base
class JFrame and making a few other necessary adjustments to accommodate
The method name showApplet is fictitious and is a stand-in for any method with a
parameter of type JApplet.
1

Applets override
the methods
init and paint
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this change. The resulting class, ButtonDemo JTTIPXOJO-JTUJOH8FIBWF
also added a WindowDestroyer that is discussed in the next section.
5P VTF UIF (6* QSPEVDFE CZ ButtonDemo, we need a Java application
QSPHSBN  TVDI BT UIF POF JO -JTUJOH   UIBU DSFBUFT BO PCKFDU PG UIF DMBTT
ButtonDemo. This simple application program creates an object, named gui, of
the class ButtonDemoBOEEJTQMBZTUIF(6*XJUIUIFGPMMPXJOHTUBUFNFOU
gui.setVisible(true);

The class JFrame, and hence every class derived from JFrame, has a method
named setVisible. This method takes a boolean argument. If the argument
LISTING 8.20 A Window Interface Derived from Jframe
(part 1 of 2)
import
import
import
import
import

javax.swing.JButton;
javax.swing.JFrame;
java.awt.Container;
java.awt.event.ActionEvent;
java.awt.event.ActionListener;

To compile this class, you should have
the class WindowDestroyer in the
same directory (folder) as this class.
The class WindowDestroyer is
discussed a bit later in this graphics
supplement.

/**
Simple demonstration of putting buttons in a JFrame window.
*/

public class ButtonDemo extends JFrame implements ActionListener
{
public static final int WIDTH = 400;
public static final int HEIGHT = 300;
public ButtonDemo()
{
setSize(WIDTH, HEIGHT);
WindowDestroyer listener = new WindowDestroyer();
addWindowListener(listener);
Container contentPane = getContentPane();
contentPane.setBackground(Color.WHITE);
contentPane.setLayout(new FlowLayout());
JButton sunnyButton = new JButton("Sunny");
sunnyButton.addActionListener(this);
contentPane.add(sunnyButton);
JButton cloudyButton = new JButton("Cloudy");
cloudyButton.addActionListener(this);
contentPane.add(cloudyButton);
}

(continued)
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LISTING 8.20 A Window Interface Derived from Jframe
(part 2 of 2)
public void actionPerformed(ActionEvent e)
{
String actionCommand = e.getActionCommand();
Container contentPane = getContentPane();
if (actionCommand.equals("Sunny"))
contentPane.setBackground(Color.BLUE);
else if (actionCommand.equals("Cloudy"))
contentPane.setBackground(Color.GRAY);
else
System.out.println("Error in button interface.");
}
}

LISTING 8.21 Running a JFrame Class from an Application
public class ShowButtonDemo
{
public static void main(String[] args)
{
ButtonDemo gui = new ButtonDemo();
gui.setVisible(true);
}
}

This GUI changes color in reaction to
button clicks in the same way as the
applet in Listing 6.22.

JTUSVF UIF(6*JTWJTJCMF*GUIFBSHVNFOUJTGBMTF UIF(6*JTJOWJTJCMF5IJT
setVisible method is the same method that we discussed in the graphics
TVQQMFNFOUPG$IBQUFS6MUJNBUFMZ MBCFMT CVUUPOT JFrame(6*T BOEPUIFS
components all inherit the method setVisible from a common ancestor
class. Inheritance is what gives us this uniform behavior of the method
setVisible across a wide range of classes.
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-FUT SFUVSO UP PVS (6* DMBTT -JTUJOH   EFSJWFE GSPN JFrame and
explain the parts of the code that differ from the corresponding applet code
JO $IBQUFS  -JTUJOH   5IF EJGGFSFODFT BSF BMM IJHIMJHIUFE 5IF NPTU
conspicuous change is that we have replaced extends JApplet with extends
JFrame, but we have already explained that difference. The other major
difference is that the class derived from JFrame has no init method but does
use a constructor. The code that would be placed in the init method of an
applet is instead placed in the constructor of a class derived from JFrame. In
a sense there is nothing to explain here. These are all initialization actions,
and initialization actions belong in constructors. Applets, which use an init
method rather than a constructor, are the unusual case.
" (6* EFSJWFE GSPN JFrame sets its initial size by invoking the method
setSize BTJOUIFGPMMPXJOHMJOFGSPN-JTUJOH
setSize(WIDTH, HEIGHT);

Finally, an applet ends when the Web page displaying it goes away or when
you click the close-window button of the applet viewer. (That close-window
button you have seen on applets is not an applet close-window button, but is
the applet viewer’s close-window button.) With JFrame, you need to program
UIF(6*TDMPTFXJOEPXCVUUPO8FEJTDVTTIPXJOUIFOFYUTFDUJPO

Window Events and Window Listeners
*O $IBQUFS  XF TQFDJGJFE UIF CFIBWJPS XIFO UIF DMPTFXJOEPX CVUUPO JT
clicked with the following statement:
setDefaultCloseOperation(EXIT_ON_CLOSE);

You must
program the
window’s close
button

Clicking the close
button generates
a window event

This is a JFrame method that determines the default operation when a window
is closed. The constant EXIT_ON_CLOSE will close the application. We can also
use other constants such as HIDE_ON_CLOSE (the default) or DO_NOTHING_ON_
CLOSE. While this solution is simple and convenient, a more powerful technique
is to write our own method that will be invoked when the window is closed.
This way we can do anything we like, although in our simple example we will
just close the application. The close-window button fires an event, just like the
ordinary button object of JButton we have seen before. But the close-window
button generates a window event that is handled by a window listener.
The class WindowAdapter is a window listener, and so every class derived
from the class WindowAdapter is a window listener. The class WindowDestroyer,
HJWFO JO -JTUJOH   JT BO FYBNQMF PG B XJOEPX MJTUFOFS +VTU BT XF NVTU
register a button object of JButton, we must register a window listener for a
JFrame(6*8FEPUIJTCZDBMMJOHUIFNFUIPE addWindowListener, which is
completely analogous to the class addActionListener for JButton objects.
The following code creates and registers a WindowDestroyer object as a
window listener for our JFrame(6*JO-JTUJOH
WindowDestroyer listener = new WindowDestroyer();
addWindowListener(listener);
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LISTING 8.22 A Listener Class for Window Events from
JFrame GUIs
The class WindowDestroyer is
not defined for you in Java. This is
a class that you, the programmer,
must define.
import java.awt.event.WindowAdapter;
import java.awt.event.WindowEvent;
/**
If you register an object of this class as a listener to any
object of the class JFrame, the object will end the program
and close the JFrame window if the user clicks the window's
close-window button.
*/
public class WindowDestroyer extends WindowAdapter
{
public void windowClosing(WindowEven e)
{
System.exit(0);
}
}

The class WindowDestroyer is not a class in any of the standard Java
libraries. You must define it yourself. However, it is easy to define this class,
BTTIPXOJO-JTUJOH5IFNFUIPE windowClosing responds to the closewindow button in a way analogous to how actionPerformed responds to
events fired from JButton objects. So when the close-window button is
clicked, the JFrame (6* FOET  CFDBVTF UIF NFUIPE windowClosing invokes
System.exit. We discuss window listeners and the classes WindowAdapter and
WindowDestroyerNPSFGVMMZJO$IBQUFS XIJDIJTPOUIF8FC6OUJMUIFO 
you can simply copy the definition of WindowDestroyerGSPN-JTUJOHBOE
always include the following lines in the constructors for your JFrame(6*T
WindowDestroyer listener = new WindowDestroyer();
addWindowListener(listener);

GOTCHA

Do Not Confuse JButtons and the Close-Window Button

The close-window button of a JFrame(6*JTOPUBJButton object. A JButton
object fires an action event that is handled by an action listener. The closewindow button fires a window event that is handled by a window listener,
such as WindowDestroyerJO-JTUJOH" JFrame(6*BMXBZTIBTBDMPTF
window button and may also have button objects of JButton.
■

You must define
a class to handle
the window
event; the class is
a window listener
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The ActionListener Interface
We introduced interfaces at the beginning of this chapter, but if you have been
reading the graphics supplements, Chapter 6 introduced you to the interface
ActionListener. This interface declares only one method heading, namely
public void actionPerformed(ActionEvent e)

A listener that responds to button clicks in either an applet or a JFrame(6*
must be an action listener, which simply means that a listener for a button
must implement the ActionListener interface.

S E L F -TE S T QU ESTI ONS
34. Is WindowDestroyer in any standard Java package (library)?
35. What is the difference between what you can do in an applet’s paint method
and what you can do in the paintNFUIPEGPSB(6*EFSJWFEGSPNJFrame?
 " (6* EFSJWFE GSPN JFrame normally has no init NFUIPE *O B (6*
derived from JFrame, where do you put the code that you would put in
the init method of an applet?

What to Do Next
You may, of course, cover the chapters of this book in order. However, if you
XBOUUPDPWFSNPSFNBUFSJBMPO(6*TTPPOFS ZPVDBOSFBE$IBQUFSOFYU
Chapter 13, which is on the Web, is devoted completely to JFrame(6*TBOE
EPFTOPUVTFBOZNBUFSJBMGSPN$IBQUFSTUISPVHI*GZPVQSFGFSUPSFBE
TPNFPG$IBQUFSTUISPVHICFGPSF$IBQUFS ZPVDBOTUJMMDPWFSTPNF
NBUFSJBMPO(6*TBTZPVEPTP$IBQUFSTBOEIBWFHSBQIJDTTVQQMFNFOUT 
but they are not required for Chapter 13 or any other part of this book.

CHAPTER SUMMARY
■

A Java interface contains the headings of public methods and the definitions of public named constants. It does not declare constructors or private
instance variables.

■

A class that implements an interface must define a body for every method
that the interface specifies. It might also define methods not declared in the
interface. A class can implement more than one interface.

■

An interface provides a way for a class designer to specify methods for another programmer. By implementing an interface, a programmer can guarantee that a class defines certain methods.
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■

An interface is a reference type, and so you can declare variables and method
parameters as having an interface type.

■

You can extend an interface to create an interface that consists of the methods in the existing interface plus some new methods.

■

%ZOBNJD PSMBUF CJOEJOHJTBQSPDFTTUIBUFOBCMFTPCKFDUTPGEJGGFSFOUDMBTTFT
to substitute for one another, if they have identical interfaces. This ability—called polymorphism—allows different objects to use different method
actions for the same method name.

■

A derived class is obtained from a base class by adding instance variables and
methods. The derived class inherits all public instance variables and public
methods that are in the base class.

■

When defining a constructor for a derived class, your definition should first call
a constructor of the base class by using super. If you do not make an explicit
call, Java will automatically call the default constructor of the base class.

■

Within a constructor, this calls a constructor of the same class, but super
invokes a constructor of the base class.

■

You can redefine a method from a base class so that it has a different definition in the derived class. This is called overriding the method definition.

■

When you override a method definition, the new method definition given
in the derived class must have the same name, the exact same number and
types of parameters, and the same return type as the method in the base
class. If the method in the derived class has a different number of parameters
or a parameter position of a different type from the method in the base class,
the method is overloaded, not overridden.

■

Within the definition of a method of a derived class, you can call an overridden method of the base class by prefacing the method name with super
and a dot.

■

Private instance variables and private methods of a base class cannot be accessed directly by name within a derived class.

■

An object of a derived class has the type of the derived class, and it also has
the type of the base class. More generally, a derived class has the type of
every one of its ancestor classes.

■

You can assign an object of a derived class to a variable of any ancestor type,
but not the other way around.

■

In Java, every class is a descendant of the predefined class Object. So every
object of every class is of type Object, as well as the type of its class and any
other ancestor classes.

■

A class derived from JFrame produces a windowing interface that is similar
to an applet but that is used within an ordinary Java application program.
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■

You can write a class derived from the class WindowAdapter to serve as a
window listener that responds to a click of the close-window button in a
JFrame window.

Exercises
1. Consider a program that will keep track of the items in a school’s library.
%SBXBDMBTTIJFSBSDIZ JODMVEJOHBCBTFDMBTT GPSUIFEJGGFSFOULJOETPG
items. Be sure to also consider items that cannot be checked out.
  *NQMFNFOUZPVSCBTFDMBTTGPSUIFIJFSBSDIZGSPNUIFQSFWJPVTFYFSDJTF

Graphics

  %SBXBIJFSBSDIZGPSUIFDPNQPOFOUTZPVNJHIUGJOEJOBHSBQIJDBMVTFSJOterface. Note that some components can trigger actions. Some components
may have graphics associated with them. Some components can hold other
components.
4. Suppose we want to implement a drawing program that creates various
shapes using keyboard characters. Implement an abstract base class DrawableShape that knows the center (two integer values) and the color (a
string) of the object. Give appropriate accessor methods for the attributes.
You should also have a mutator method that moves the object by a given
amount.
5. Create a class Square derived from DrawableShape, as described in the previous exercise. A Square object should know the length of its sides. The
class should have an accessor method and a mutator method for this length.
It should also have methods for computing the area and perimeter of the
square. Although characters are taller than they are wide—so the number of
characters in the vertical sides will differ from the number in the horizontal
sides—you need not worry about this detail when drawing the square.
6. Create a class SchoolKid that is the base class for children at a school. It
should have attributes for the child’s name and age, the name of the child’s
teacher, and a greeting. It should have appropriate accessor and mutator
methods for each of the attributes.
  %FSJWFBDMBTT ExaggeratingKid from SchoolKid, as described in the previous exercise. The new class should override the accessor method for the
BHF SFQPSUJOHUIFBDUVBMBHFQMVT*UBMTPTIPVMEPWFSSJEFUIFBDDFTTPSGPS
the greeting, returning the child’s greeting concatenated with the words “I
am the best.”
8. Create an abstract class PayCalculator that has an attribute payRate given in
dollars per hour. The class should also have a method computePay(hours)
that returns the pay for a given amount of time.
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  %FSJWFBDMBTTRegularPay from PayCalculator, as described in the previous exercise. It should have a constructor that has a parameter for the pay
rate. It should not override any of the methods. Then derive a class HazardPay from PayCalculator that overrides the computePay method. The
new method should return the amount returned by the base class method
multiplied by 1.5.
10. Create an abstract class DiscountPolicy. It should have a single abstract
method computeDiscount that will return the discount for the purchase of
a given number of a single item. The method has two parameters, count
and itemCost.
 %FSJWFBDMBTT BulkDiscount from DiscountPolicy, as described in the
previous exercise. It should have a constructor that has two parameters,
minimum and percent. It should define the method computeDiscount so
that if the quantity purchased of an item is more than minimum, the discount is percent percent.
 %FSJWFBDMBTTBuyNItemsGetOneFree from DiscountPolicy, as described in
Exercise 10. The class should have a constructor that has a single parameter
n. In addition, the class should define the method computeDiscount so that
every nth item is free. For example, the following table gives the discount for
the purchase of various counts of an item that costs $10, when n is 3:
Count

1

2

3

4

5

6

7

Discount

0

0

10

10

10

20

20

 %FSJWFBDMBTT CombinedDiscount from DiscountPolicy, as described in
Exercise 10. It should have a constructor that has two parameters of type
DiscountPolicy. It should define the method computeDiscount to return
the maximum value returned by computeDiscount for each of its two private discount policies. The two discount policies are described in Exercises
BOE
 %FGJOF DiscountPolicy as an interface instead of the abstract class described in Exercise 10.
15. Create an interface MessageEncoder that has a single abstract method
encode(plainText), where plainText is the message to be encoded. The
method will return the encoded message.
16. Create a class SubstitutionCipher that implements the interface MessageEncoder, as described in the previous exercise. The constructor should have
one parameter called shift%FGJOFUIFNFUIPEencode so that each letter is
shifted by the value in shift. For example, if shift is 3, a will be replaced
by d, b will be replaced by e, c will be replaced by f, and so on. (Hint: You
may wish to define a private method that shifts a single character.)
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17. Create a class ShuffleCipher that implements the interface MessageEncoder, as described in Exercise 15. The constructor should have one parameter called n%FGJOFUIFNFUIPE encode so that the message is shuffled n
times. To perform one shuffle, split the message in half and then take characters from each half alternately. For example, if the message is abcdefghi,
the halves are abcde and fghi. The shuffled message is afbgchdie. (Hint:
You may wish to define a private method that performs one shuffle.)
PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
  %FGJOFBDMBTTOBNFEEmployeeXIPTFPCKFDUTBSFSFDPSETGPSFNQMPZFFT%Frive this class from the class PersonHJWFOJO-JTUJOH"OFNQMPZFFSFDPSE
inherits an employee’s name from the class Person. In addition, an employee
record contains an annual salary represented as a single value of type double,
a hire date that gives the year hired as a single value of type int, and an identification number that is a value of type String. Give your class a reasonable
complement of constructors, accessor methods, and mutator methods, as well
as an equals method. Write a program to fully test your class definition.
  %FGJOFBDMBTTDBMMFE Diamond that is derived from either the class ShapeBasics -JTUJOH PSUIFBCTUSBDUDMBTT ShapeBase -JTUJOH "
diamond has the same sort of top half as a Triangle object, and its botUPNIBMGJTBOJOWFSUFEWFSTJPOPGJUTUPQIBMG%FGJOFBVUJMJUZDMBTTIBWJOH
public static methods, such as the method skipSpaces and other methods
UIBUESBXIPSJ[POUBMMJOFT CJH7T BOEJOWFSUFECJH7T3FDBMMUIBU4FMG5FTU
Question 31 asked you to describe one method in this class.
  %FGJOFUXPEFSJWFEDMBTTFTPGUIFBCTUSBDUDMBTTShapeBaseJO-JTUJOH
Your two classes will be called RightArrow and LeftArrow. These classes
will be like the classes Rectangle and Triangle, but they will draw arrows
that point right and left, respectively. For example, the following arrow
points to the right:

The size of the arrow is determined by two numbers, one for the length of
the “tail” and one for the width of the arrowhead. (The width is the length
of the vertical base.) The arrow shown here has a length of 16 and a width
of 7. The width of the arrowhead cannot be an even number, so your
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constructors and mutator methods should check to make sure that it is always
odd. Write a test program for each class that tests all the methods in the class.
You can assume that the width of the base of the arrowhead is at least 3.
  %FGJOFBDMBTTOBNFE Doctor whose objects are records for a clinic’s docUPST%FSJWFUIJTDMBTTGSPNUIFDMBTTPersonHJWFOJO-JTUJOH"Doctor
record has the doctor’s name—defined in the class Person—a specialty as
a string (for example Pediatrician, Obstetrician, General Practitioner, and
so on), and an office-visit fee (use the type double). Give your class a reasonable complement of constructors and accessor methods, and an equals
method as well. Write a driver program to test all your methods.
  %FGJOFUXPDMBTTFT  Patient and Billing, whose objects are records for a
DMJOJD%FSJWFPatient from the class PersonHJWFOJO-JTUJOH"Patient
record has the patient’s name (defined in the class Person) and identification number (use the type String). A Billing object will contain a Patient object and a Doctor object (from Programming Project 4). Give your
classes a reasonable complement of constructors and accessor methods,
and an equals method as well. First write a driver program to test all your
methods, then write a test program that creates at least two patients, at least
two doctors, and at least two Billing records and then displays the total
income from the Billing records.
6. Create a base class called Vehicle that has the manufacturer’s name (type
String), number of cylinders in the engine (type int), and owner (type
PersonHJWFOJO-JTUJOH 5IFODSFBUFBDMBTTDBMMFETruck that is derived
from Vehicle and has additional properties: the load capacity in tons (type
double, since it may contain a fractional part) and towing capacity in tons
(type double). Give your classes a reasonable complement of constructors
and accessor methods, and an equals method as well. Write a driver program (no pun intended) that tests all your methods.
7. Create the classes RightTriangle and Rectangle, each of which is derived from the abstract class ShapeBaseJO-JTUJOH5IFOEFSJWFBDMBTT
Square from the class Rectangle. Each of these three derived classes will
have two additional methods to calculate area and circumference, as well
BTUIFJOIFSJUFENFUIPET%POPUGPSHFUUPPWFSSJEFUIFNFUIPEdrawHere.
Give your classes a reasonable complement of constructors and accessor
methods. The Square class should include only one dimension, the side,
and should automatically set the height and width to the length of the
side. You can use dimensions in terms of the character width and line spacing even though they are undoubtedly unequal, so a square will not look
square (just as a Rectangle object, as discussed in this chapter, won’t look
square). Write a driver program that tests all your methods.
8. Create a new class called Dog that is derived from the Pet class given in
-JTUJOHPG$IBQUFS5IFOFXDMBTTIBTUIFBEEJUJPOBMBUUSJCVUFTPG

VideoNote
Deriving a class from
Vehicle
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breed (type String) and boosterShot (type boolean), which is true if the
pet has had its booster shot and false if not. Give your classes a reasonable
complement of constructors and accessor methods. Write a driver program
to test all your methods, then write a program that reads in five pets of type
Dog and displays the name and breed of all dogs that are over two years old
and have not had their booster shots.

9. Create an interface MessageDecoder that has a single abstract method
decode(cipherText), where cipherText is the message to be decoded.
The method will return the decoded message. Modify the classes SubstitutionCipher and ShuffleCipher, as described in Exercises 16 and 17, so
that they implement MessageDecoder as well as the interface MessageEncoder that Exercise 15 describes. Finally, write a program that allows a user
to encode and decode messages entered on the keyboard.
10. For this Programming Project, start with implementations of the Person,
Student, and Undergraduate classes as depicted in Figure 8.4 and the polyNPSQIJTNEFNPJO-JTUJOH%FGJOFUIFEmployee, Faculty, and Staff
DMBTTFTBTEFQJDUFEJO'JHVSF5IFEmployee class should have instance
WBSJBCMFTUPTUPSFUIFFNQMPZFF*%BTBO int and the employee’s department as a String. The Faculty class should have an instance variable to
store the faculty member’s title (e.g. “Professor of Computer Science”) as
a String. The Staff class should have an instance variable to store the
TUBGGNFNCFSTQBZHSBEF BOVNCFSGSPNUP BTBO int. Every class
should have appropriate constructors, accessors, and mutators, along with
a writeOutput method that outputs all of the instance variable values.
  .PEJGZ UIF QSPHSBN JO -JTUJOH  UP JODMVEF BU MFBTU POF Faculty object and at least one Staff object in addition to the Undergraduate and
Student objects. Without modification to the for loop, the report should
PVUQVUUIFOBNF FNQMPZFF*% EFQBSUNFOU BOEUJUMFGPSUIFFaculty obKFDUT BOEUIFOBNF FNQMPZFF*% EFQBSUNFOU BOEQBZHSBEFGPSUIFStaff
objects.
11. Modify the StudentDMBTTJO-JTUJOHTPUIBUJUJNQMFNFOUTUIF ComparableJOUFSGBDF%FGJOFUIF compareTo method to order Student objects
based on the value in studentNumber. In a main method create an array
of at least five Student objects, sort them using Arrays.sort, and output
the students. They should be listed by ascending student number. Next,
modify the compareTo method so it orders Student objects based on the
lexicographic ordering of the name variable. Without modification to the
main method, the program should now output the students ordered by
name.
 $SFBUFBOBQQMJDBUJPOJOB JFrame window that uses JTextField to get a
message and encode or decode it using the classes described in the previous
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QSPHSBNNJOHQSPKFDU6TFGPVSCVUUPOTUPDPOUSPMUIFLJOEPGDJQIFSVTFE Graphics
and to specify whether to encode or decode the message. Also, use JTextField to get the number used in the constructor for the ciphers.
13. Enhance the classButtonDemo -JTUJOH TPUIBUUIF(6*CFIBWFTJOBMM
PGUIFGPMMPXJOHXBZT8IFOUIF(6*GJSTUBQQFBST CPUICVUUPOTBSFWJTJCMF 
but when one button is clicked, that button disappears and only the other
button is visible. Thereafter, only one button is visible at a time; when
the button is clicked, it disappears and the other button appears. When a
CVUUPOJTDMJDLFE UIFDPMPSDIBOHFT BTJOUIFWFSTJPOJO-JTUJOH BOE
a smiley face appears when sunny is clicked and a frowning face appears
when cloudy is clicked. When the program is first run, no face is visible
JOUIF(6*4VCTFRVFOUGBDFTTIPVMESFQMBDFUIFQSFWJPVTGBDF"GUFSUFO Graphics
button clicks, the message Only one more click appears. After one more
click, the program ends.
14. Create an application in a JFrame(6*UIBUXJMMESBXBTQJSBMVTJOHMJOF
segments.
Graphics
The equations for the points on a spiral are
x k! sin !
y k! sin !
You should draw 150 points. Start ! at 0 and increase it by 0.1 for each new
QPJOU-FUk be 15. Set the size of the window to 500 by 500.
Answers to Self-Test Questions
1. Overriding refers to redefining a base-class method so that it has a different
definition in a derived class. Overloading refers to giving a method name
two definitions that have different parameter lists. In both cases, the methods have the same name. When you override a method definition, the new
method definition given in the derived class has the exact same name, return type, and number and types of parameters. On the other hand, if the
method in the derived class were to have a different number of parameters
or a parameter of a different type from the method in the base class, the derived class would have both methods. That would be overloading. You can
also overload method names in a single class definition without involving
a base class.
  /P BEFSJWFEDMBTTEPFTOPUJOIFSJUUIFQSJWBUFJOTUBODFWBSJBCMFTPGJUT
base class. However, SportsCar can access or change the values of speed,
manufacturer, and numberOfCylinders if the base class provides public
methods for that purpose.
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3. Yes, it will have the methods. A derived class has all the public methods
that the base class has, and they perform exactly the same actions in the
derived class as they do in the base class. However, the derived class can
contain a new overriding definition of a method, and the new definition
will replace the old definition—provided it has the same name, return
type, and number and types of parameters.
4. No.
5. No.
6. The method hasSameName is not listed in the class diagram for Student. So
you follow the arrow to the class diagram for Person. The method hasSameName is in the class diagram for Person. The data type of this method’s
parameter is Person. But since you know that a Student is a Person, you
can pass a Student object to this method as an argument. So the definition
used for the method hasSameName is in the class definition of Person.
7. You start at the class diagram for Student. The method setStudentNumber
is in the class diagram for Student, so you need look no further. The definition used for the method setStudentNumber is in the class definition of
Student.
8. public class TitledPerson extends Person
{
private String title;
public TitledPerson()
{
super();
title = "no title yet";
}
/* //ALTERNATE DEFINITION OF DEFAULT CONSTRUCTOR:
public TitledPerson()
{
this("no title yet");
}

*/
public TitledPerson(String initialName, String initialTitle)
{
super(initialName);
title = initialTitle;
}
public void reset(String newName, String newTitle)
{
setName(newName);
title = newTitle;
}
public String getTitle()
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{
return title;
}
public void setTitle(String newTitle)
{
title = newTitle;
}
public void writeOutput()
{
System.out.println("Name: " + getName());
System.out.println("Title: " + title);
}
public boolean equals(TitledPerson otherPerson)
{ // ‘this’ is optional in the next statement
return this.sameName(otherPerson) &&
this.title.equalsIgnoreCase(otherPerson.title);
}
}

9. public Student(String initialName)
{
this(initialName, 0);
}

10. public void writeOutput()
{
System.out.println("Name:" + getName());
System.out.println("Student Number: " + getStudentNumber());
System.out.println("Student Level:" + level);
}

11. public void reset(String newName, int newStudentNumber,
int newLevel)
{
setName(newName);
setStudentNumber(newStudentNumber);
level = newLevel;
}

 :FT*GDMBTTA is derived from class B, an object of type B can be referenced
by a variable of type A and a variable of type B.
 7BSJBCMFTPGUIFUZQFTUndergraduate, Student, and Person can reference
this object. (As you will find out soon in this chapter, a variable of type
Object could also reference this object. Object is a predefined Java class
that we are about to introduce in the next section.)
 *UJTVTFEBTUIFOBNFGPSBDPOTUSVDUPSPGUIFCBTFDMBTT 4FF-JTUJOH 
When used as a receiving object, as in
super.writeOutput();
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superJOEJDBUFTUIBUUIFNFUIPEJOUIFCBTFDMBTTTIPVMECFDBMMFE*O-JTUing 8.4, for example, this statement calls the method writeOutput of the
base class Student, as opposed to the method writeOutput of the class
Undergraduate.

15. The keyword this, when used as a method name, names a constructor in
the same class as the one being defined. The keyword super, when used as
a method name, names a constructor for the base class of the derived class
being defined.
16. Because the value returned by toString includes the new-line character
'\n'.
 B 7BMJE"Student is a Person.
 C 7BMJE"OUndergraduate is a Person.
c. Illegal. A Person object will not be able to perform all Student actions.
 E 7BMJE"OUndergraduate is a Student.
e. Illegal. A Person object will not be able to perform all Undergraduate
actions.
f. Illegal. A Student object will not be able to perform all Undergraduate
actions.
 H 7BMJE"Student is an Object.
h. Illegal. An Object object will not be able to perform all Student actions.
18. Polymorphism means using the process of dynamic binding to allow objects
to behave correctly, regardless of the type of the variable that names them.
The meaning of a method name depends on the object named by a variable.
19. Dynamic binding and late binding are two terms for the same thing (so we
will give only one definition and only one example). With dynamic binding, or late binding, the meaning of a method invocation is not bound to
its location until you run the program. Java uses dynamic binding. When
deciding which definition of a method to use, Java uses the definition in
effect when the object was created using the new operator. It does not necessarily use the definition that applies to the type of the variable naming
the object.
 5IJTRVFTUJPONBZOPUIBWFBEFGJOJUJWFBOTXFS*OUIFPSJHJOBMEFGJOJUJPO
of polymorphism, overloading was considered an example of polymorphism,
and some books still use that old definition. In current usage, and in this
book, overloading a method name is not an example of polymorphism.
 /P UIFZXJMMQSPEVDFEJGGFSFOUPVUQVU5IFGJSTUXJMMPVUQVUUIFOBNF4BN
and the Student Number 9999. The second will output the name Sam, the
4UVEFOU/VNCFS BOEUIF4UVEFOU-FWFM
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 5IFEFGJOJUJPOPG writeOutput given in Undergraduate is used—not the
definition of writeOutput given in Person—because p references an Undergraduate object.
 /P5IFDMBTTOval must contain an implements clause stating that it implements Measurable.
 :FT BDMBTT DBOJNQMFNFOUTFWFSBMJOUFSGBDFT4JNQMZMJTUUIFJOUFSGBDFT 
separated by commas, after the keyword implements.
 :FT
 /P
 0WFSSJEJOH
 0WFSSJEJOH
 0WFSMPBEJOH
30. No. A derived class cannot inherit a private method. We could make this
move if we made skipSpaces a public method instead of a private one. A
better solution would be to define a utility class having public static methods, like the method skipSpaces and other methods that draw horizontal
MJOFT CJH7T BOEJOWFSUFECJH7T
31. The method drawHere can call two private methods, drawTop and drawBottom. We can use the method drawTop from Triangle, where the variable base is the width of the diamond. The method drawBottom is like
drawTop, but with the following changes: startOfLine begins at the offset,
and insideWidthCFHJOTBU lineCount – 1; at the end of each iteration,
startOfLine increases by 1 and insideWidthEFDSFBTFTCZ5IFNFUIPE
skipSpaces is the same as in Triangle.
 /P JUJTJMMFHBMCFDBVTFShapeBaseJO-JTUJOHJTBOBCTUSBDUDMBTT
33. Yes, it is legal.
34. No. You need to define it yourself (or copy it from this text or from the
source code for this book that is available on the Web).
35. There is no difference.
 *OUIFDPOTUSVDUPSPGUIF(6*EFSJWFEGSPNJFrame.
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It’s the exception that proves the rule.
$0..0/."9*. 1044*#-:"$033615*0/0'40.&5)*/(-*,&IT’S THE
EXCEPTION THAT TESTS THE RULE).

One way to write a program is first to assume that nothing unusual or incorrect
will happen. For example, if the program takes an entry from a list, you might
assume that the list is not empty. Once you have the program working for the
core situation, in which things go as planned, you can then add code to take
care of the exceptional cases. Java has a way to reflect this approach in your
code. Basically, you write your code as if nothing very unusual will happen.
After that, you add code for exceptional cases, using the facilities in Java. This
chapter introduces you to these facilities.

OBJECTIVES
After studying this chapter, you should be able to
t %FTDSJCFUIFOPUJPOPGFYDFQUJPOIBOEMJOH
t 3FBDUDPSSFDUMZXIFODFSUBJOFYDFQUJPOTPDDVS
t 6TF+BWBTFYDFQUJPOIBOEMJOHGBDJMJUJFTFGGFDUJWFMZJOZPVSPXODMBTTFTBOE
programs

PREREQUISITES
Section 9.1 of this chapter requires only that you have read Chapters 1 through
6. The remainder of the chapter also requires some material about inheritance
in Chapter 8. Arrays are also mentioned, but if you have not read Chapter 7 as
yet, you can ignore those occurrences.

9.1 BASIC EXCEPTION HANDLING
Jack, be nimble,
Jack, be quick,
Jack, jump over the candle stick.
—ANONYMOUS

Java provides a way to handle certain kinds of special conditions in your
program. This facility enables you to divide a program or method definition
into separate sections for the normal case and for the exceptional case. In this
way, you treat one larger programming task as two smaller and more easily
doable programming tasks.
658

9.1 Basic Exception Handling

An exception is an object that signals the occurrence of an unusual event
during the execution of a program. The process of creating this object—that
is, generating an exception—is called throwing an exception. You place the
code that deals with the exceptional case at another place in your program—
perhaps in a separate class or method. The code that detects and deals with the
exception is said to handle the exception.
6TJOH FYDFQUJPOT JT QFSIBQT NPTU JNQPSUBOU XIFO B NFUIPE IBT B TQFDJBM
case that some programs will treat in one way, but others will treat in another way.
As you will see, such a method can throw an exception if the special case occurs.
This allows the special case to be handled outside of the method in a way that is
appropriate to the situation. For example, if a division by zero occurs in a method,
it may turn out that, for some invocations of the method, the program should end,
but for other invocations of the method, something else should happen.

Exceptions in Java
Most short programs need very little, if any, exception handling, and the
exception handling they do use is often not easy to see in the code. For
simplicity, we will use a toy program for our initial example. First we will
XSJUFUIFQSPHSBNXJUIPVUVTJOH+BWBTFYDFQUJPOIBOEMJOHGBDJMJUJFT BOEUIFO
we will rewrite it using exception handling.
For this example, suppose that milk is such an important item in our
society that people almost never allow themselves to run out of it, but still
we would like our programs to accommodate the very unlikely situation of
running out of milk. The basic code, which assumes that we do not run out of
milk, might be as follows:
System.out.println("Enter number of donuts:");
int donutCount = keyboard.nextInt();
System.out.println("Enter number of glasses of milk:");
int milkCount = keyboard.nextInt();
double donutsPerGlass = donutCount / (double)milkCount;
System.out.println(donutCount + " donuts.");
System.out.println(milkCount + " glasses of milk.");
System.out.println("You have " + donutsPerGlass +
" donuts for each glass of milk.");

If the number of glasses of milk entered is zero—that is, if we have no
milk—this code will produce a division by zero. To take care of the unlikely
scenario in which we run out of milk and get an erroneous division, we can
add a test for this unusual situation. The complete program with this added
test for the special situation is shown in Listing 9.1.
/PXMFUTSFWJTFUIJTQSPHSBN VTJOH+BWBTFYDFQUJPOIBOEMJOHGBDJMJUJFT"
division by zero produces an exception. So instead of avoiding such a division,
we can let it occur but react to the resulting exception, as we have done in
Listing 9.2. Because this example is so simple, we probably would not actually
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An exception
signals an unusual
event during
execution

Java code can
handle an
exception that is
thrown
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LISTING 9.1 One Way to Deal with a Problem Situation
import java.util.Scanner;
public class GotMilk
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter number of donuts:");
int donutCount = keyboard.nextInt();
System.out.println("Enter number of glasses of milk:");
int milkCount = keyboard.nextInt();
//Dealing with an unusual event without Java’s exception
//handling features:
if (milkCount < 1)
{
System.out.println("No milk!");
System.out.println("Go buy some milk.");
}
else
{
double donutsPerGlass = donutCount / (double)milkCount;
System.out.println(donutCount + " donuts.");
System.out.println(milkCount + " glasses of milk.");
System.out.println("You have " + donutsPerGlass +
" donuts for each glass of milk.");
}
System.out.println("End of program.");
}
}

Sample Screen Output
Enter number of donuts:
2
Enter number of glasses of milk:
0
No milk!
Go buy some milk.
End of program.

use exception handling here. The revised program as a whole is certainly not
TJNQMFSUIBOUIFPSJHJOBMPOFJO-JTUJOH)PXFWFS UIFDPEFCFUXFFOUIF
words try and catch is cleaner than the code used in the original program

9.1 Basic Exception Handling
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and hints at the advantage of handling exceptions. A clear organization and
structure are essential for large, complex programs.
The code in Listing 9.2 is basically the same as the code in Listing 9.1,
except that instead of the big if-else statement, this program has the
following smaller if statement:
if (milkCount< 1)
throw new Exception("Exception: No milk!");

This if statement says that if we have no milk, the program should do
something exceptional. That something exceptional is given after the word

LISTING 9.2 An Example of Exception Handling (part 1 of 2)
import java.util.Scanner;

This program is just a simple
example of the basic syntax
for exception handling.

public class ExceptionDemo
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
try
{

System.out.println("Enter number of donuts:");
int donutCount = keyboard.nextInt();
System.out.println("Enter number of glasses of milk:");
int milkCount = keyboard.nextInt();
if (milkCount < 1)
throw new Exception("Exception: No milk!");

try block

double donutsPerGlass = donutCount / (double)milkCount;
System.out.println(donutCount + " donuts.");
System.out.println(milkCount + " glasses of milk.");
System.out.println("You have " + donutsPerGlass +
" donuts for each glass of milk.");
}

catch block

catch(Exception e)
{
System.out.println(e.getMessage());
System.out.println("Go buy some milk.");
}
System.out.println("End of program.");

}
}

(continued)

662

CHAPTER 9 / Exception Handling

LISTING 9.2 An Example of Exception Handling (part 2 of 2)
Sample Screen Output 1
Enter number of donuts:
3
Enter number of glasses of milk:
2
3 donuts.
2 glasses of milk.
You have 1.5 donuts for each glass of milk.
End of program.

Sample Screen Output 1
Enter number of donuts:
2
Enter number of glasses of milk:
0
Exception: No milk!
Go buy some milk.
End of program.

catch. The idea is that the normal situation is handled by the code following
the word try and that the code following the word catch is used only in

FYDFQUJPOBMDJSDVNTUBODFT-FUTMPPLBUUIFEFUBJMT
The basic way of handling exceptions in Java consists of a try-throwcatch threesome. A try block has the syntax
try
{
Code_To_Try
}

A try block contains the code for the basic algorithm when everything goes
smoothly. It is called a try block because you are not 100 percent sure that all
will go smoothly, but you want to give it a try.
If something does go wrong, you want to throw an exception, which is
a way of indicating that there is some sort of problem. So the basic outline,
when we add a throw statement, is as follows:
A try block
detects an
exception

try
{
Code_To_Try
Possibly_Throw_An_Exception
More_Code
}

9.1 Basic Exception Handling

The try block in Listing 9.2 has this form and contains the statement
throw new Exception("Exception: No milk!");
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A throw
statement throws
an exception

If this throw statement executes, it creates a new object of the predefined
class Exception with the expression
new Exception("Exception: No milk!")

and throws the exception object. The string "Exception: No milk!" is an argument
for the constructor of the class Exception. The Exception object created here stores
this string in an instance variable of the object so that it can be recovered later.
When an exception is thrown, the code in the surrounding block stops
execution, and another portion of code, known as a catch block, begins
FYFDVUJPO&YFDVUJOHUIF catch block is called catching the exception. When
an exception is thrown, it should ultimately be caught by some catch block.
In Listing 9.2, the catch block immediately follows the try block.
The catch block looks a little like a method definition that has a
parameter. Although it is not a method definition, a catch block behaves like
a method in some ways. It is a separate piece of code that is executed when a
program executes a throw statement from within the preceding try block. This
throw statement is similar to a method call, but instead of calling a method,
it calls the catch block and causes the code in the catch block to be executed.
-FUTFYBNJOFUIFGJSTUMJOFPGUIFcatch block in Listing 9.2:

A catch block
deals with
a particular
exception

catch(Exception e)

The identifier e looks like a parameter and acts very much like a parameter. So
even though the catch block is not a method, we call this e the catch-block
parameter. The catchCMPDLQBSBNFUFSHJWFTVTBOBNFGPSUIFFYDFQUJPOUIBU
is caught, so that we can write code within the catch block to manipulate the
exception object. The most common name for a catchCMPDLQBSBNFUFSJT e,
but you can use any legal identifier.
When an exception object is thrown, it is plugged in for the catchCMPDL
parameter e, and the code in the catch block is executed. So in this case, you can
think of eBTUIFOBNFPGUIFFYDFQUJPOPCKFDUUIBUXBTUISPXO&WFSZFYDFQUJPO
object has a method called getMessage, and unless you provide code specifying
otherwise, this method retrieves the string that was given to the exception
object by its constructor when the exception was thrown. In our example, the
invocation e.getMessage() returns "Exception: No milk!"Thus, when the
catch block in Listing 9.2 executes, it writes the following lines to the screen:
Exception: No milk!
Go buy some milk.

The class name preceding the catchCMPDLQBSBNFUFSTQFDJGJFTXIBULJOE
of exception the catch block can catch. The class Exception in our example
indicates that this catch block can catch an exception of type Exception.
Thus, a thrown exception object must be of type Exception in order for this

An exception’s
getMessage
method returns a
description of the
exception
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Only one catch
block executes
per try block

particular catch block to apply. As you will see, other types of exceptions
are possible, and several catch blocks—one for each type of exception to be
handled—can follow a try block. Only one of these catch blocks—the one
corresponding to the type of exception thrown—can execute, however. The
rest are ignored when handling a particular exception. Since all exceptions
are of type Exception, the solitary catch block in our example will catch any
exception. Although this might sound like a good idea, it generally is not.
Several specific catch blocks are usually preferable to one general one.
For the program in Listing 9.2, when the user enters a positive number for
the number of glasses of milk, no exception is thrown. The flow of control in
this case is shown in Listing 9.3. Listing 9.4 shows the flow of control when an
exception is thrown because the user enters zero or a negative number for the
number of glasses of milk.
LISTING 9.3 Flow of Control When No Exception Is Thrown
import java.util.Scanner;

Here we assume that the user
enters a positive number for the
number of glasses of milk.

public class ExceptionDemo
{
public static void main(String[] args)
{
Scanner keyboard = new Scanner(System.in);
try
{

System.out.println("Enter number of donuts:");
int donutCount = keyboard.nextInt();
System.out.println("Enter number of glasses of milk:");
int milkCount = keyboard.nextInt(); milkCount is positive, so an

exception is NOT thrown here.
if (milkCount < 1)
throw new Exception("Exception: No milk!");
double donutsPerGlass = donutCount / (double)milkCount;
System.out.println(donutCount + " donuts.");
System.out.println(milkCount + " glasses of milk.");
System.out.println("You have " + donutsPerGlass
+ " donuts for each glass of milk.");

}
catch(Exception e)
{
System.out.println(e.getMessage());
System.out.println("Go buy some milk.");
}
System.out.println("End of program.");
}
}

This code
is NOT
executed.

9.1 Basic Exception Handling

LISTING 9.4 Flow of Control When an Exception Is
Thrown
import java.util.Scanner;
Here we assume that the user
public class ExceptionDemo
enters zero for the number
of glasses of milk, and so an
{
public static void main(String[] args) exception is thrown.
{
Scanner keyboard = new Scanner(System.in);
try
{
System.out.println("Enter number of donuts:");
int donutCount = keyboard.nextInt();
System.out.println("Enter number of glasses of milk:");
int milkCount = keyboard.nextInt();
milkCount is zero or

negative, so an exception
IS thrown here.

if (milkCount < 1)
throw new Exception("Exception: No milk!");

double donutsPerGlass = donutCount / (double)milkCount;
System.out.println(donutCount + " donuts.");
System.out.println(milkCount + " glasses of milk.");
This code is
NOT executed. System.out.println("You have " + donutsPerGlass
+ " donuts for each glass of milk.");
}
catch(Exception e)
{
System.out.println(e.getMessage());
System.out.println("Go buy some milk.");
}
System.out.println("End of program.");
}
}

In summary, a try block contains some code that can throw an
exception. It is able to throw an exception because it either includes a
throw statement or, as you will see later, invokes another method that
contains a throw statement. The throw statement is normally executed only
in exceptional circumstances, but when it is executed, it throws an exception
of some exception class. (So far, Exception is the only exception class we
have discussed, but we will talk about others soon.) When an exception is
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If an exception
occurs within a
try block, the
rest of the block
is ignored

If no exception
occurs within a
try block, the
catch blocks are
ignored

Comparing trythrow-catch
and if-else

thrown, execution of the try block ends. All the rest of the code in the try
block is ignored, and control passes to a suitable catch block, if one exists.
A catch block applies only to an immediately preceding try block. If an
exception is thrown and caught, that exception object is plugged in for the
catchCMPDLQBSBNFUFSBOEUIFTUBUFNFOUTJOUIF catch block are executed.
After the catchCMPDLDPEFJTFYFDVUFE UIFQSPHSBNQSPDFFETXJUIUIFDPEF
after the last catch block; it does not return to the try block. So none of the
tryCMPDLDPEFBGUFSUIFTUBUFNFOUUIBUUISFXUIFFYDFQUJPOJTFYFDVUFE BT
shown in Listing 9.4. (Later, we will discuss what happens when there is no
appropriate catch block.)
/PX MFUT MPPL BU XIBU IBQQFOT XIFO OP FYDFQUJPO JT UISPXO JO B
try block. When the try block executes normally to completion, without
throwing an exception, program execution continues with the code after the
last catch block. In other words, if no exception is thrown, all associated
catch blocks are ignored, as shown in Listing 9.3.
This explanation makes it seem as though a try-throw-catch sequence is
equivalent to an if-else statement. They are almost equivalent, except for the
message carried by the thrown exception. An if-else statement cannot send
a message to one of its branches. This may not seem like much of a difference,
CVUBTZPVXJMMTFF UIFBCJMJUZUPTFOEBNFTTBHFHJWFTUIFFYDFQUJPOIBOEMJOH
mechanism more versatility than an if-else statement.

REMEMBER An Exception Is an Object
A statement, such as
throw new Exception("Illegal character.");

does not just specify some action that is taken and forgotten. It
creates an object that has a message. In this example, the message is
"Illegalcharacter."

To see this, note that the previous statement is equivalent to the
following:
Exception exceptObject = new Exception
("Illegal character.");
throw exceptObject;

The first of these statements invokes a constructor of the class Exception,
creating an object of the class Exception. The second statement throws
this exception object. This object and its message are available to a catch
block, and so the effect of throwing an exception is more than just a
transfer of control to the first statement of a catch block.

9.1 Basic Exception Handling

RECAP Throwing Exceptions
The throw statement throws an exception.
SYNTAX
throw new Exception_Class_Name(Possibly_Some_Arguments);

A throw statement is usually embedded in an if statement or an
if-else statement. A try block can contain any number of explicit
statements or any number of method invocations that might throw
exceptions.
EXAMPLE
throw new Exception("Unexpected End of Input.");

RECAP Handling Exceptions
The try and catch statements, used together, are the basic mechanism
for handling exceptions.
try
{
Code_To_Try
Possibly_Throw_An_Exception
More_Code
}
catch (Exception_Class_NameCatch_Block_Parameter)
{
Process_Exception_Of_Type_Exception_Class_Name
}
Possibly_Other_Catch_Blocks

If an exception is thrown within the try block, the rest of the try block is
ignored and execution continues with the first catch block that matches
the type of the thrown exception. After the catch block is completed,
any code after the last catch block is executed.
If no exception is thrown in the try block, after it completes execution,
program execution continues with the code after the last catch block. In
other words, if no exception is thrown, the catch blocks are ignored.
More than one block is allowed for each try block, but each catch block
can handle only one class of exceptions. Catch_Block_Parameter is an
identifier that serves as a place holder for an exception that might
(continued)

667

668

CHAPTER 9 / Exception Handling

be thrown. When an exception of the class Exception_Class_Name is
thrown in the preceding try block, that exception is plugged in for the
Catch_Block_Parameter. The code in the catch block may refer to the
Catch_Block_Parameter. A common choice for Catch_Block_Parameter is
e; however, you may use any legal identifier.

RECAP The getMessage Method
Every exception object has a String instance variable that contains some
message, which typically identifies the reason for the exception. For
example, if the exception is thrown by the statement
throw new Exception(String_Argument);

the value of this String instance variable is String_Argument. If the exception
object is called e, the invocation e.getMessage( ) returns this string.

S E L F -TE S T QU ESTI ONS
1. What output is produced by the following code?
int waitTime = 46;
try
{
System.out.println("Try block entered.");
if (waitTime> 30)
throw new Exception("Time Limit Exceeded.");
System.out.println("Leaving try block.");
}
catch(Exception e)
{
System.out.println("Exception: " + e.getMessage());
}
System.out.println("After catch block");

2. What output would the code in the previous question produce if we
changed 46 in the first statement to 12?
3. What is an exception? Is it an identifier? A variable? A method? An object?
A class? Something else?
4. Is the following statement legal?
Exception myException = new Exception("Hi Mom!");

9.1 Basic Exception Handling

  *OUIFDPEFJO-JTUJOH IPXXPVMEUIFQSPHSBNTCFIBWJPSDIBOHFJG
you were to replace
if (milkCount < 1)
throw new Exception("Exception: No milk!");

with the following?
if (milkCount < 1)
{
Exception e = new Exception("Exception: No milk!");
throw e;
}

  8IJDIQBSUPGUIFDPEFHJWFOJO4FMG5FTU2VFTUJPOJTUIFTUBUFNFOU
7. What happens when a throwTUBUFNFOUJTFYFDVUFE %JTDVTTXIBUIBQQFOT
JOHFOFSBM OPUTJNQMZXIBUIBQQFOTJOUIFDPEFJO4FMG5FTU2VFTUJPOPS
some other sample code.
  *OUIFDPEFHJWFOJO4FMG5FTU2VFTUJPO JEFOUJGZUIFtry block.
  *OUIFDPEFHJWFOJO4FMG5FTU2VFTUJPO JEFOUJGZUIFcatch block.
 *O UIF DPEF HJWFO JO 4FMG5FTU 2VFTUJPO   JEFOUJGZ UIF catchCMPDL
parameter.
 8PVMEUIFDPEFHJWFOJO4FMG5FTU2VFTUJPOQFSGPSNBOZEJGGFSFOUMZJG
the catch block were changed to the following?
catch(Exception messenger)
{
System.out.println("Exception: " +
messenger.getMessage());
}

12. Write a statement that will throw an exception of type Exception if the
value of the String variable named status is "bad". The string recovered
by getMessage should be "Exception thrown: Bad Status." You need
not write the try block and catch block.

Predefined Exception Classes
When you learn about the methods of predefined classes, you will sometimes
be told that they might throw certain types of exceptions. These exceptions
are of predefined exception classes within the Java Class Library. If you use
one of these methods, you can put the method invocation in a try block and
follow it with a catch block to catch the exception. The names of predefined
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Java provides
several exception
classes

FYDFQUJPOTBSFEFTJHOFEUPCFTFMGFYQMBOBUPSZ4PNFFYBNQMFTPGQSFEFGJOFE
exception classes are
BadStringOperationException
ClassNotFoundException
IOException
NoSuchMethodException

When you catch an exception of one of these predefined exception classes,
the string returned by the getMessage method will usually provide you with
enough information to identify the source of the exception. Thus, if you have
a class called SampleClass, and this class has a method called doStuff, which
throws exceptions of the class IOException, you might use the following code:
SampleClass object = new SampleClass();
try
{
<Possibly some code>
object.doStuff(); //may throw IOException
<Possibly some more code>
}
catch(IOException e)
{
<Code to deal with the exception, probably including the
following:>
System.out.println(e.getMessage());
}

If you think that continuing with program execution is infeasible after the
exception occurs, the catch block can include a call to System.exit to end
the program, as follows:

VideoNote
Using predefined exception
classes

catch(IOException e)
{
System.out.println(e.getmessage());
System.out.println("Program aborted");
System.exit(0);
}

■ PROGRAMMING TIP

Catch Specific Exceptions

You can use the class Exception in a catch block, as we did in our initial
examples, but catching a more specific exception, such as IOException, is
more useful.
■

■ PROGRAMMING TIP

Importing Exceptions

Most of the exceptions you will see in this book do not need to be imported,
as they are in the package java.lang. Some, however, are in different packages

9.2 Defining Your Own Exception Classes
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and do need to be imported. For example, the class IOException is in the
package java.util. When you examine the documentation for an exception,
note which package contains it so you can provide an import statement if
necessary.
■

S E L F-TE S T QU E S TIO N S
13. Are the following statements legal?
IOException sos = new IOException("Hello Houston!");
throw sos;

14. Is the following catch block legal?
catch(NoSuchMethodException exception)
{
System.out.println(exception.getmessage());
System.exit(0);
}

9.2 DEFINING YOUR OWN EXCEPTION CLASSES
I’ll make an exception this time.
—MY MOTHER

You can define your own exception classes, but they must be derived classes
of some already defined exception class. An exception class can be a derived
class of any predefined exception class or of any exception class that you have
already successfully defined. Our examples will be derived classes of the class
Exception.
When defining an exception class, the constructors are the most
important and often the only methods, other than those inherited from
the base class. For example, Listing 9.5 contains an exception class, called
DivideByZeroException, whose only methods are a default constructor
and a constructor having one String parameter. For our purposes, that is all we
OFFEUPEFGJOF)PXFWFS UIFDMBTTEPFTJOIFSJUBMMUIFNFUIPETPGUIFCBTFDMBTT
Exception. In particular, the class DivideByZeroException inherits the
method getMessage, which returns a string message. In the definition of the
default constructor, this string message is set by the following statement:
super("Dividing by Zero!");

This statement calls a constructor of the base class Exception. As we have
already noted, when you pass a string to the constructor of the class Exception,
the value of a String instance variable is set. You can recover this value later

When you define
an exception
class, you typically
define only
constructors

Call the base-class
constructor and
pass it a message
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LISTING 9.5 A Programmer-Defined Exception Class
public class DivideByZeroException extends Exception
{
You can do more in an exception
public DivideByZeroException()
constructor, but this form is
{
common.
super("Dividing by Zero!");
}
public DivideByZeroException(String message)
{
super is an invocation of
super(message);
}
}

the constructor for the
base class Exception.

by calling the method getMessage, which is an ordinary accessor method of
the class Exception and is inherited by the class DivideByZeroException.
For example, Listing 9.6 shows a sample program that uses this exception
class. The exception is created by the default constructor and then thrown, as
follows:
throw new DivideByZeroException();

LISTING 9.6 Using a Programmer-Defined Exception
Class (part 1 of 3)
import java.util.Scanner;
public class DivideByZeroDemo
{
private int numerator;
private int denominator;
private double quotient;

We will present an improved
version of this program
later in this chapter.

public static void main(String[] args)
{
DivideByZeroDemo oneTime = new DivideByZeroDemo();
oneTime.doIt();
}
public void doIt()
{
try
{
System.out.println("Enter numerator:");
Scanner keyboard = new Scanner(System.in);
numerator = keyboard.nextInt();

(continued)
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LISTING 9.6 Using a Programmer-Defined Exception
Class (part 2 of 3)
System.out.println("Enter denominator:");
denominator = keyboard.nextInt();
if (denominator == 0)
throw new DivideByZeroException();
quotient = numerator / (double)denominator;
System.out.println(numerator + "/" + denominator +
" = " + quotient);
}
catch(DivideByZeroException e)
{
System.out.println(e.getMessage());
giveSecondChance();
}
System.out.println("End of program.");
}
public void giveSecondChance()
{
System.out.println("Try again:");
System.out.println("Enter numerator:");
Scanner keyboard = new Scanner(System.in);
numerator = keyboard.nextInt();
System.out.println("Enter denominator:");
System.out.println("Be sure the denominator is not zero.");
denominator = keyboard.nextInt();

Sometimes, dealing with an exceptional case
without throwing an exception is better.
if (denominator == 0)
{
System.out.println("I cannot do division by zero.");
System.out.println("Since I cannot do what you want,");
System.out.println("the program will now end.");
System.exit(0);
}
quotient = ((double)numerator) / denominator;
System.out.println(numerator + "/" + denominator +
" = " + quotient);
}
}

(continued)
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LISTING 9.6 Using a Programmer-Defined Exception
Class (part 3 of 3)
Sample Screen Output 1
Enter numerator:
5
Enter denominator:
10
5/10 = 0.5
End of program.

Sample Screen Output 2
Enter numerator:
5
Enter denominator:
0
Dividing by Zero!
Try again.
Enter numerator:
5
Enter denominator:
Be sure the denominator is not zero.
10
5/10 = 0.5
End of program.

Sample Screen Output 3
Enter numerator:
5
Enter denominator:
0
Dividing by Zero!
Try again.
Enter numerator:
5
Enter denominator:
Be sure the denominator is not zero.
0
I cannot do division by zero.
Since I cannot do what you want,
the program will now end.

9.2 Defining Your Own Exception Classes
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This exception is caught in the catch block, which contains the following
statement:
System.out.println(e.getMessage());

This statement displays the following output on the screen, as shown in the
sample screen output of Listing 9.6:
Dividing by Zero!

The class DivideByZeroException in Listing 9.5 also defines a second
constructor. This constructor has one parameter of type String, allowing you
to choose any message you like when you throw an exception. If the throw
statement in Listing 9.6 was instead
throw new DivideByZeroException(
"Oops. Shouldn't Have Used Zero.");

the statement
System.out.println(e.getMessage());

would have produced the following output to the screen:
Oops. Shouldn't Have Used Zero.

Notice that the try block in Listing 9.6 contains the normal part of the
program. If all goes normally, that is the only code that will be executed,
and the output will be like that shown in Sample Screen Output 1. In
the exceptional case, when the user enters zero for the denominator, the
exception is thrown and then is caught in the catch block. The catch
block displays the message of the exception and then calls the method
giveSecondChance. The method giveSecondChance gives the user a second
chance to enter the input correctly and then carries out the calculation. If
the user tries a second time to divide by zero, the method ends the program
without throwing an exception. The method giveSecondChanceexists only
for this exceptional case. So we have separated the code for the exceptional
case of a division by zero into a separate method, where it will not clutter
the code for the normal case.

■ PROGRAMMING TIP

Preserve getMessage in Your Own
Exception Classes

For all predefined exception classes, the method getMessage will return the
string that is passed as an argument to the constructor. (If no argument is
passed to the constructor—that is, if you invoke the default constructor—
getMessage returns a default string.) For example, suppose the exception is
thrown as follows:
throw new Exception("This is a big exception!");

A try block
contains the
normal case;
a catch block
deals with the
exceptional case
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The value of the String instance variable is set to "This is a big exception!"
If the exception object is called e, the method call e.getMessage() returns
"This is a big exception!"

You should preserve this behavior of the method getMessage in any
exception class you define. For example, suppose you define an exception
class called MySpecialException and throw an exception as follows:
throw new MySpecialException("Wow, what an exception!");

If e is a name for the exception thrown, e.getMessage() should return
"Wow, what an exception!" To ensure that the exception classes that you
define behave in this way, be sure to include a constructor that has a string
parameter and whose definition begins with a call to super, as illustrated by
the following constructor:
public MySpecialException(String message)
{
super(message);
//There can be more code here, but often there is none.
}

The call to superJTBDBMMUPBDPOTUSVDUPSPGUIFCBTFDMBTT*GUIFCBTFDMBTT
constructor handles the message correctly, so will a class defined in this way.
You should also include a default constructor in each exception class.
This default constructor should set up a default value to be retrieved by
getMessage5IFDPOTUSVDUPSTEFGJOJUJPOTIPVMECFHJOXJUIBDBMMUPsuper, as
illustrated by the following constructor:
public MySpecialException()
{
super("MySpecialException thrown.");
//There can be more code here, but often there is none.
}

If getMessage works as we described for the base class, this default constructor
will work correctly for the new exception class being defined.
■

REMEMBER Characteristics of Exception Objects
The two most important things about an exception object are
■ 5IF
■

PCKFDUT UZQFUIBU JT  UIF OBNF PG UIF FYDFQUJPO DMBTT 5IF
upcoming sections explain why this is important.
The message that the object carries in an instance variable of type
String. This string can be recovered by calling the accessor method
getMessage. The string allows your code to send a message along with
an exception object so that the catch block can recover the message.

9.2 Defining Your Own Exception Classes

■ PROGRAMMING TIP

When to Define an Exception Class

As a general rule, if you are going to insert a throw statement in your code,
it is probably best to define your own exception class. That way, when your
code catches an exception, your catch blocks can tell the difference between
your exceptions and exceptions thrown by methods in predefined classes. For
example, in Listing 9.6, we used the exception class DivideByZeroException,
which we defined in Listing 9.5.
Although doing so would not be a good idea, you might be tempted to use
the predefined class Exception to throw the exception in Listing 9.6, as follows:
throw new Exception("Dividing by Zero!");

You could then catch this exception with the catch block
catch(Exception e)
{
System.out.println(e.getMessage());
giveSecondChance();
}

Although this approach will work for the program in Listing 9.6, it is not
the best technique, because the previous catch block will catch any exception,
such as an IOException. An IOException, however, might need a different
action than the one provided by a call to giveSecondChance. Thus, rather
than using the class Exceptionto deal with a division by zero, it is better to
VTFUIFNPSFTQFDJBMJ[FEQSPHSBNNFSEFGJOFEDMBTT DivideByZeroException,
as we did in Listing 9.6.
■
RECAP Programmer-Defined Exception Classes
You can define your own exception classes, but every such class must be
derived from an existing exception class—either a predefined class or one
defined by you.
GUIDELINES
■ 6TF
■
■

UIF DMBTT Exception as the base, if you have no compelling
reason to use any other class as the base class.
You should define at least two constructors, including a default
constructor and one that has a single String parameter.
You should start each constructor definition with a call to the
constructor of the base class, using super. For the default constructor,
the call to super should have a string argument that indicates what
kind of exception it is. For example,
super("Tidal Wave Exception thrown!");

(continued)
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If the constructor has a String parameter, the parameter should be
the argument in the call to super. For example,
super(message);

In this way, the string can then be recovered using the getMessage
method.
■
■

Your exception class inherits the method getMessage. You should
not override it.
Normally, you do not need to define any other methods, but it is
legal to do so.

EXAMPLE
public class TidalWaveException extends Exception
{
public TidalWaveException()
{
super("Tidal Wave Exception thrown!");
}
public TidalWaveException(String message)
super(message);
}
}
super is a call to the constructor of the base class Exception

S E L F -TE S T QU ESTI ONS

VideoNote
Using your exception
classes

 %FGJOF BO FYDFQUJPO DMBTT DBMMFE CoreBreachException. The class
should have a default constructor. If an exception is thrown using this
[FSPBSHVNFOU DPOTUSVDUPS  getMessage should return "Core Breach!
Evacuate Ship!" The class should also define a constructor having a
single parameter of type String. If an exception is thrown using this
constructor, getMessageshould return the value that was used as an
argument to the constructor.
 3FQFBU UIF QSFWJPVT RVFTUJPO  CVU JOTUFBE OBNF UIF DMBTT
MessageTooLongException. Also, if an exception is thrown using the
default constructor, getMessage should return "Message Too Long!"
17. Suppose the exception class ExerciseException is defined as follows:
public class ExerciseException extends Exception
{

9.2 Defining Your Own Exception Classes
public ExerciseException()
{
super("Exercise exception thrown!");
System.out.println("Exception thrown.");
}
public ExerciseException(String message)
{
super(message);
System.out.println("ExerciseException invoked "+
"with an argument.");
}
}

What output would be produced by the following unlikely code?
ExerciseException e = new ExerciseException("Do Be Do");
System.out.println(e.getMessage());

18. Suppose the exception class CrazyException is defined as follows:
public class CrazyException extends Exception
{
public CrazyException()
{
super("Crazy exception thrown!");
System.out.println("Wow, Crazy exception thrown!");
}
public CrazyException(String message)
{
super(message);
System.out.println("Wow, crazy exception thrown with "+
"an argument!");
}
public void crazyMethod()
{
System.out.println("Message is " + getMessage());
}
}

What output would be produced by the following unlikely code?
CrazyException exceptionObject = new CrazyException();
System.out.println(exceptionObject.getMessage());
exceptionObject.crazyMethod();

19. Suppose the exception class DoubleException is defined as follows:
public class DoubleException extends Exception
{
public DoubleException()
{
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super("Double exception thrown!");
}
public DoubleException(String message)
{
super(message + " " + message);
}
}

What output would be produced by the following unlikely code?
try
{
System.out.println("try block entered:");
int number = 42;
if (number > 0)
throw new DoubleException("DoubleException thrown!");
System.out.println("Leaving try block.");
}
catch(DoubleException exceptionObject)
{
System.out.println(exceptionObject.getMessage());
}
System.out.println("End of code.");

20. Suppose that, in the catch block of the previous question, we change the
type DoubleException to Exception )PX XPVME UIJT DIBOHF BGGFDU UIF
output?
 4VQQPTF UIBU  JO 4FMG5FTU 2VFTUJPO   XF DIBOHF UIF WBMVF PG number
GSPNUP¦)PXXPVMEUIJTDIBOHFBGGFDUUIFPVUQVU
22. Although an exception class normally carries only a string message, you
can define exception classes to carry a message of any type. You can give
your exception class instance variables and methods. For example, objects
of the following type can also carry an int “message,” as well as a string
message:
public class IntException extends Exception
{
private int intMessage;
public IntException()
{
super("IntException thrown!");
}
public IntException(String message)
{
super(message + " " + message);
}
public IntException(int number)

9.3 More About Exception Classes
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{
super("IntException thrown!");
intMessage = number;
}
public int getNumber()
{
returnintMessage;
}
}

What output would be produced by the following unlikely code?
IntException e = new IntException(42);
System.out.println(e.getNumber());
System.out.println(e.getMessage());

23. Can you derive an exception class from the predefined class IOException,
or must it be derived from the class Exception?

9.3 MORE ABOUT EXCEPTION CLASSES
buck n. 1. A counter or marker formerly passed from one poker player to
another to indicate an obligation, especially one’s turn to deal. 2. Informal:
Obligation to account for something; responsibility: tried to pass the buck . . .
—THE AMERICAN HERITAGE DICTIONARY OF THE ENGLISH LANGUAGE, FOURTH EDITION

The buck stops here.
—SIGN ON HARRY S TRUMAN’S DESK WHILE HE WAS PRESIDENT

In this section, we discuss techniques for using exceptions that go beyond the
basics but are still fundamental.

Declaring Exceptions (Passing the Buck)
Sometimes it makes sense to delay handling of an exception. For example, you
might have a method whose code throws an exception, but you may not want
to catch the exception in that method. Perhaps some programs that use the
method should simply end if the exception is thrown, and other programs that
use the method should do something else. As a result, you would not know
what to do about the exception if you caught it inside the method. In these
cases, it makes sense not to catch the exception in the method definition, but
instead to have any code that uses the method place the method invocation in a
try block and catch the exception in a catch block that follows that try block.
If a method does not catch an exception, it must at least warn programmers
that any invocation of the method might possibly throw an exception. This
warning is called a throws clause. For example, a method that might throw a

A method might
not catch an
exception that its
code throws
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A method that
does not handle
an exception that
it throws must
have a throws
clause in its
heading

DivideByZeroException but that does not catch the exception would have a
heading like the following one:
public void sampleMethod() throws DivideByZeroException

The part throwsDivideByZeroException is a throws clause. It states that an
invocation of the method sampleMethod might throw a DivideByZeroException.
Most exceptions that might be thrown when a method is invoked must be
accounted for in one of two ways:
t $BUDIUIFQPTTJCMFFYDFQUJPOJOBcatch block within the method definition.
t %FDMBSFUIFQPTTJCMFFYDFQUJPOCZXSJUJOHB throwsDMBVTFJOUIFNFUIPET
heading and let whoever uses the method worry about how to handle the
exception.
In any one method, you can mix these two alternatives, catching some
exceptions and declaring others in a throws clause.
You already know about handling exceptions in a catch block. The second
technique is a form of “passing the buck.” For example, suppose methodA has
a throws clause as follows:
public void methodA() throws DivideByZeroException

A method that
can throw
several different
exceptions has
only one throws
clause

In this case, methodA is absolved of the responsibility of catching any
exceptions of type DivideByZeroException that might occur when methodA
is executed. If, however, the definition of methodB includes an invocation
of methodA, methodB must deal with the exception. When methodA adds
the throws clause, it is “saying” to methodB, “If you invoke me, you must
worry about any DivideByZeroException that I throw.” In effect, methodA
has passed the responsibility (“passed the buck”) for any exceptions of type
DivideByZeroException from itself to any method that calls it.
Of course, if methodA passes the buck to methodB by including a throws
clause in its heading, methodB can also pass the buck to whatever method calls
it by including the same throwsDMBVTFJOJUTEFGJOJUJPO#VUJOBXFMMXSJUUFO
program, every exception that is thrown should eventually be caught by a
catch block in some method that does not pass the buck.
A throws clause can contain more than one exception type. In such cases,
you separate the exception types with commas, as follows:
public int myMethod() throws IOException, DivideByZeroException

*GBEFSJWFEDMBTTPWFSSJEFTBCBTFDMBTTNFUIPEUIBUIBTB throws clause,
you cannot add exceptions to the throws clause of the new overriding method.

REMEMBER Throwing an Exception Can End a Method
If a method throws an exception, and the exception is not caught inside
the method, the method invocation ends immediately after the exception
is thrown.

9.3 More About Exception Classes

So if this method needs to throw an exception that is not already listed in the
throws clause of the overridden method in the base class, the overriding
method must handle that exception in try-catch blocks. You can, however,
declare fewer exceptions in the throws clause of the overriding method.
Listing 9.7 shows a revision of the program in Listing 9.6 so that the
normal case is in a method called doNormalCase. This method can throw a
LISTING 9.7 Passing the Buck Using a throws Clause
import java.util.Scanner;
public class DoDivision
{
private int numerator;
private int denominator;
private double quotient;
public static void main(String[] args)
{
DoDivision doIt = new DoDivision();
try
{
doIt.doNormalCase();
}
catch(DivideByZeroException e)
{
System.out.println(e.getMessage());
doIt.giveSecondChance();
}
System.out.println("End of program.");
}
public void doNormalCase() throws DivideByZeroException
{
System.out.println("Enter numerator:");
Scanner keyboard = new Scanner(System.in);
numerator = keyboard.nextInt();
System.out.println("Enter denominator:");
denominator = keyboard.nextInt();
if (denominator == 0)
throw new DivideByZeroException();
quotient = numerator / (double)denominator;
System.out.println(numerator + "/" + denominator +
" = " + quotient);
}

The method giveSecondChance and the input/output
samples are identical to those given in Listing 9.6
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DivideByZeroException, but it does not catch it. Thus, we need to declare
this possible exception in a throws DMBVTF JO UIF IFBEJOH PG UIF NFUIPET
definition. If we set up our program in this way, the case in which nothing
goes wrong is completely isolated and easy to read. It is not even cluttered
by try blocks and catch CMPDLT )PXFWFS  XIFO UIF NFUIPE main calls the
method doNormalCase, it must do so within a try block.

RECAP The throws Clause
If you define a method that might throw an exception of some particular
class, normally you either must catch the exception within a catch block
in the method definition or declare the exception class by writing a
throws clause in the method’s heading.
SYNTAX
public Type Method_Name(Parameter_List)
throws List_Of_Exceptions
Body_Of_Method

EXAMPLE
public void methodA(int n) throws IOException,
MyException
{
...
}

REMEMBER throw Versus throws
The keyword throw is used to throw an exception, whereas throws
is used in a method’s heading to declare an exception. Thus, a throw
statement throws an exception, but a throws clause declares one.

Kinds of Exceptions
Thus far, we have said that, in most cases, an exception must either be caught
in a catch block or be declared in a throws DMBVTF JO B NFUIPET IFBEJOH
That is the basic rule, but there are exceptions to this rule. (An exception to a
rule about exceptions! Seems reasonable enough.) Java has some exceptional
exceptions that you do not need to account for in this way—although you can
catch them in a catch block if you want to.
All Java exceptions are categorized as either checked or unchecked. A
checked exception must either be caught in a catch block or declared in a

9.3 More About Exception Classes
throws clause. Such exceptions often indicate serious problems that likely should
lead to program termination. The exceptions BadStringOperationException,
ClassNotFoundException, IOException, and NoSuchMethodException—

mentioned earlier in this chapter—are all checked exceptions in the Java Class
Library.
An unchecked, or run-time, exception need not be caught in a catch
block or declared in a throws clause. These exceptions usually indicate that
something is wrong with your code and that you should fix it. Normally,
you would not have written a throw statement for these exceptions. They
are usually thrown during the evaluation of an expression or by a method in
predefined classes. For example, if your program attempts to use an array index
that is either too small or too large, an ArrayIndexOutOfBoundsException
occurs. If an arithmetic operation causes a problem, such as a division by
zero, an ArithmeticException occurs. For such exceptions, you should repair
your code, not add a catchCMPDL/PUFUIBUBOVODBVHIUSVOUJNFFYDFQUJPO
terminates program execution.
)PXEPZPVLOPXXIFUIFSBOFYDFQUJPOJTDIFDLFEPSVODIFDLFE :PVDBO
DPOTVMUUIFEPDVNFOUBUJPOGPSUIF+BWB$MBTT-JCSBSZUPMFBSOUIFFYDFQUJPOT
base class and from that deduce whether it is checked or unchecked. Figure 9.1
shows the hierarchy of the predefined exception classes. The class Exception
JTUIFCBTFDMBTTPGBMMFYDFQUJPOT&WFSZFYDFQUJPODMBTTJTBEFTDFOEBOUPGUIF
class Exception—that is, it is derived either directly from the class Exception
or from a class that ultimately is derived from the class Exception. Classes of
unchecked exceptions are derived from the class RuntimeException. All other
exception classes are of checked exceptions that must be caught.

Some exceptions
do not need to be
caught

All exception
classes are
derived from the
predefined class
Exception.

FIGURE 9.1 Hierarchy of the Predefined Exception Classes
Object

Throwable

We discuss
the class Error
in the next section.

Error

Exception

AssertionError

RuntimeException

Class for an
unchecked exception
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You need not worry too much about which exceptions you do and do
not need to catch or declare in a throws clause. If you fail to account for some
exception that Java requires you to handle, the compiler will tell you about it.
You can then either catch it or add it to a throws clause.

RECAP Kinds of Exceptions
Every exception class is a descendant class of the class Exception.
RuntimeException is derived from Exception, and classes derived
from RuntimeException or any of its descendants represent unchecked
exceptions. Such exceptions do not need to be caught or declared in a
throws clause of a method’s heading. All other exceptions are checked
and must be either caught or declared in a throws clause.

Errors
An error is not an
exception, but is
similar to one

An error is an object of the class Error, which is derived from Throwable, as
Figure 9.1 indicates. Note that Throwable is also the base class of Exception.
Technically speaking, the class Error and its descendant classes are not
considered exception classes, because they are not descendants of the class
Exception. To us, however, they look like exceptions. Objects of the class Error
are similar to unchecked exceptions in that we need not catch or declare them
in a throwsDMBVTF FWFOUIPVHIZPVDPVME&SSPSTBSFNPSFPSMFTTCFZPOEZPVS
control. For example, an OutOfMemoryError occurs if your program has run
out of memory. This means that you must either revise your program to make
it more efficient in its use of memory, change a setting to let Java access more
memory, or buy more memory for your computer. Adding a catch block will
not help in this case.
When we discussed the assert operator and assertion checking in
Chapter 4, we said that if your program contains an assertion check and the
assertion check fails, your program will end with an error message. What
actually happens is that an AssertionError occurs. As the name suggests, the
class AssertionError is derived from the class Error.

RECAP The Class Error
Errors are objects of the class Error that are generated when certain
abnormal conditions occur. Most programs should not catch them or
declare them in a throws clause. Errors are technically not exceptions,
even though they look like them.

9.3 More About Exception Classes

Multiple Throws and Catches
A try block can potentially throw any number of exceptions, which can
CF PG EJGGFSFOU UZQFT &BDI catch block can catch exceptions of only one
type, but you can catch exceptions of different types by placing more than
one catch block after a try block. For example, the program in Listing 9.8
LISTING 9.8 Catching Multiple Exceptions (part 1 of 2)
import java.util.Scanner;

This is just an ex ample of handling
exceptions using two catch blocks.

public class TwoCatchesDemo
{
public static void main(String[] args)
{
try
{
System.out.println("Enter number of widgets " +
"produced:");
Scanner keyboard = new Scanner(System.in);
int widgets = keyboard.nextInt();
if (widgets < 0)
throw new NegativeNumberException("widgets");
System.out.println("How many were defective?");
int defective = keyboard.nextInt();
if (defective < 0)
throw new NegativeNumberException("defective " +
"widgets");
double ratio = exceptionalDivision(widgets,
defective);
System.out.println("One in every " + ratio +
" widgets is defective.");
}
catch(DivideByZeroException e)
{
System.out.println("Congratulations! A perfect " +
"record!");
}
catch(NegativeNumberException e)
{
System.out.println("Cannot have a negative number of " +
e.getMessage());
}

(continued)
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LISTING 9.8 Catching Multiple Exceptions (part 2 of 2)
System.out.println("End of program.");
}
public static double exceptionalDivision(double numerator,
double denominator) throws DivideByZeroException
{
if (denominator == 0)
throw new DivideByZeroException();
return numerator / denominator;
}
}

Sample Screen Output 1
Enter number of widgets produced:
1000
How many were defective?
500
One in every 2.0 widgets is defective.
End of program.

Sample Screen Output 2
Enter number of widgets produced:
—10
Cannot have a negative number of widgets
End of program.

Sample Screen Output 3
Enter number of widgets produced:
1000
How many were defective?
0
Congratulations! A perfect record!
End of program.

has two catch blocks after its try block. One catch block is for exceptions
of type DivideByZeroException—defined earlier in Listing 9.5—and the
second is for exceptions of type NegativeNumberException, which is defined
in Listing 9.9.

9.3 More About Exception Classes

LISTING 9.9 The Class NegativeNumberException
public class NegativeNumberException extends Exception
{
public NegativeNumberException()
{
super("Negative Number Exception!");
}
public NegativeNumberException(String message)
{
super(message);
}
}

■ PROGRAMMING TIP

Catch the More Specific Exception
First

When catching multiple exceptions, the order of the catch blocks can be
important. When an exception is thrown in a try block, the catch blocks are
examined in order of appearance. The first block that matches the type of the
exception thrown is the one that executes. Thus, the following ordering of
catch blocks would not be good:
catch(Exception e) //This catch block should not be first.
{
...
}
catch(DivideByZeroException e)
{
...
}
The second catch block can never be reached.

With this ordering, the catch block for DivideByZeroException would never
be used, because all exceptions are caught by the first catch block. Fortunately,
the compiler will probably warn you about this problem.
The correct ordering is to reverse the catch blocks so that the more
specific exception comes before its parent exception class, as shown in the
following code:
catch(DivideByZeroException e)
{
...
}
catch(Exception e)
{
...
}

■

The order of
catch blocks
matters
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■ PROGRAMMING TIP

User Input

When your program reads input data entered by the user of your program,
ZPVMJLFMZXJMMOFFEUPEFBMXJUIFYDFQUJPOT6TFSTDBOUZQFBMNPTUBOZUIJOHBT
input, unintentionally or not!
■

■ PROGRAMMING TIP

Exception Handling and Information
Hiding

You know that a method invocation can cause an exception that is declared
JO UIF NFUIPET throws clause. Any time an exception is thrown, regardless
of whether you write a throw statement or call a method, you handle it in
the exact same way: It is either caught in a catch block or declared in another
throws clause. When analyzing a method invocation that might throw an
exception, do not think about where in the method definition the throw
statement is located. It does not matter how the exception is thrown. All
that matters is that the method invocation might throw an exception. The
exception is handled in the same way no matter what happens inside the
method.
■

S E L F -TE S T QU ESTI ONS
24. Correct the following method definition by adding a suitable throws
clause:
public void doStuff(int n)
{
if (n < 0)
throw new Exception("Negative number.");
}

25. What happens if you invoke a method and it throws a checked exception
that it does not catch?
26. Consider an invocation of method A. Suppose that method A calls method
B, and method B calls method C. If method C throws an exception that it
does not catch itself, where might the exception be caught? In B? In A?
Outside of A?
27. What output will be produced by the following code? The definition of
the class NegativeNumberException is given in the preceding material,
but you do not need to look at it to answer this question.

9.3 More About Exception Classes
try
{
int n = 7;
if (n > 0)
throw new Exception();
else if (n < 0)
throw new NegativeNumberException();
else
System.out.println("Hello!");
}
catch(NegativeNumberException e)
{
System.out.println("First catch.");
}
catch(Exception e)
{
System.out.println("Second catch");
}
System.out.println("End of code");

 3FQFBU4FMG5FTU2VFTUJPO CVUDIBOHFUIFWBMVFPGOGSPNUP¦
 3FQFBU4FMG5FTU2VFTUJPO CVUDIBOHFUIFWBMVFPGn from 7 to 0.
30. What output is produced by the following program?
public class Question30
{
public static void main(String[] args)
{
Question30 object = new Question30();
try
{
System.out.println("Trying");
object.sampleMethod();
System.out.println("Trying after call.");
}
catch(Exception e)
{
System.out.println("Catching");
System.out.println(e.getMessage());
}
}
public void sampleMethod() throws Exception
{
System.out.println("Starting sampleMethod.");
throw new Exception("From sampleMethod with love.");
}
}
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FAQ When should my code throw an exception?
The use of a throw statement should be reserved for cases in which it
is unavoidable. If you are tempted to include a throw statement, think
about how you might write your program or class definition without
this throw statement. If you can think of an alternative that produces
reasonable code, you probably should not throw an exception. But if the
way to deal with an exceptional condition depends on how and where
a method is invoked, the best approach is to let the programmer who
invokes the method handle the exception. In all other situations, it is
preferable to avoid throwing exceptions.
Predefined methods often leave exception handling to the programmer
invoking the method. When you learn about a predefined method,
you may be told that it throws exceptions of certain kinds. You, as the
programmer who uses the predefined method, are then expected to
handle any exception thrown by the method.

■ PROGRAMMING TIP

Where to Throw an Exception

Thus far, we have used some very simple code to illustrate the basic concepts
PG FYDFQUJPO IBOEMJOH )PXFWFS  PVS FYBNQMFT XFSF VOSFBMJTUJDBMMZ TJNQMF *O
general, you should separate throwing an exception and catching the exception
into separate methods. For example, one method might have the following form:
public void methodA() throws MyException
{
...
throw new MyException("Blah Blah Blah");
...
}

and some other method—perhaps even in some other class—might be
public void methodB()
{
...
try
{
...
methodA();
...
}
catch(MyException e)
{
... //Deal with the exception.
}
...
}

9.3 More About Exception Classes

5IFSFBTPOGPSUIJTJTSFMBUFEUPUIFQSFWJPVT'"2POXIFOZPVTIPVMEUISPX
an exception. If a method knows how to deal with a certain situation, it likely
should do so without throwing an exception. If an exception is thrown by
some code within a method—for example, if your method invokes another
method that throws an exception—handle it if you can. Otherwise, declare
the exception in a throws clause in your method, and let a different method
contain the catch block.
■

GOTCHA
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Nested try-catch Blocks

Although you can place a try block and its subsequent catch blocks inside
a larger try block or inside a larger catch block, doing so is rarely useful. If
you are tempted to nest these blocks, you should at least consider whether
there is another way to organize your code. For example, you might eliminate
one or more try blocks completely, or you could place the inner try-catch
blocks inside a method definition and invoke that method within the outer
try block or catch block. It is almost always better to avoid nested try-catch
blocks.
Suppose, however, that you do use nested try-catch blocks. If you place
a try block and its subsequent catch blocks inside a larger try block, and
an exception is thrown in the inner try block but is not caught in the inner
catch blocks, the exception is thrown to the outer try block for processing
and might be caught in one of the outer catch blocks. If you place a try block
and its subsequent catch blocks inside a larger catch block, you will need
to use different names for the catchCMPDLQBSBNFUFSTJOUIFJOOFSBOEPVUFS
blocks, respectively. After all, try blocks and catch blocks are blocks, so you
need to remember how Java handles nested blocks of any kind.
■

The finally Block
You can add a finally block after a sequence of catch blocks. The code in the
finally block is executed whether or not an exception is thrown. This block
gives you an opportunity to clean up any loose ends that linger as a result of
the exception.
The general syntax is as follows:
try
{
...
}
Catch_Block(s)
finally
{
Some_Code //Always executed.
}

A finally block
always executes
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Possible outcomes
with a finally
block

To see the significance and potential usefulness of a finally block,
suppose that the try-catch-finally blocks are inside a method definition.
After all, every set of try-catch-finally blocks is inside some method, even
if it is only the method main.
One of three possible outcomes will occur when the code in the trycatch-finally blocks is run:
t 5IF try block runs to the end, and no exception is thrown. In this
situation, the finally block executes after the try block.
t "O FYDFQUJPO JT UISPXO XJUIJO UIF try block and is caught in a
corresponding catch block positioned after the try block. In this case, the
finally block executes after the catch block executes.
t "OFYDFQUJPOJTUISPXOJOUIFtry block, but no matching catch block exists
to catch the exception. The method invocation ends, and the exception
object is thrown to the enclosing method. In this case, the finally block
executes before the method ends. Note that you cannot account for this
third case simply by placing code after the string of catch blocks.

A catch block
can throw an
exception

At this stage of your programming, you might not have much need for a
finallyCMPDL CVUXFWFJODMVEFEUIJTEFTDSJQUJPOPGJUGPSDPNQMFUFOFTT"U

some point, you may find it useful.

Rethrowing an Exception (Optional)
It is legal to throw an exception within a catch block. In rare cases, you may
want to catch an exception and then, depending either on the string produced
by getMessage or on something else, decide to throw the same or a different
FYDFQUJPOGPSIBOEMJOHGVSUIFSVQUIFDIBJOPGFYDFQUJPOIBOEMJOHCMPDLT

S E L F -TE S T QU ESTI ONS
31. Can you have a try block and corresponding catch blocks inside another,
larger try block?
32. Can you have a try block and corresponding catch blocks inside another,
larger catch block?
33. Consider the following program:
public class Question33
{
public static void main(String[ ] args)
{
try
{
sampleMethod(99);
}

9.3 More About Exception Classes
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catch(Exception e)
{
System.out.println("Caught in main.");
}
}
public static void sampleMethod(int n) throws Exception
{
try
{
if (n > 0)throw new Exception();
else if (n < 0)
throw new NegativeNumberException();
else
System.out.println("No exception.");
System.out.println("Still in sampleMethod.");
}
catch (NegativeNumberException e)
{
System.out.println("Caught in sampleMethod.");
}
finally
{
System.out.println("In finally block.");
}
System.out.println("After finally block.");
}
}

a. What output does the program produce?
b. What output would the program produce if the argument to
sampleMethod were −99 instead of 99?
c. What output would the program produce if the argument to
sampleMethod were 0 instead of 99?

CASE STUDY A Line-Oriented Calculator
We have been asked to write a program that can be used as a calculator, similar
to a handheld calculator. The calculator should do addition, subtraction,
NVMUJQMJDBUJPO BOEEJWJTJPO'PSPVSJOJUJBMESBGUPGUIFQSPHSBN XFXPOUVTF
BXJOEPXJOHJOUFSGBDF CVUJOTUFBEXFXJMMVTFTJNQMFMJOFCZMJOFUFYUJOQVU
Specify the task
and text output—like the previous programs in this chapter.
8FOFFEUPTQFDJGJDBMMZEFGJOFUIFVTFSJOUFSGBDF-FUTUFMMUIFVTFSUPFOUFSBO
operation, a space, and a number, all on one line, as in the following example:
+ 3.4

Any extra whitespace before or after the operation or the number is
optional. As the user enters more operations and numbers, the program keeps
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track of the results of the operations performed so far. These results are like
the number displayed on a handheld calculator—the running result of the
operations. On the screen, it is shown as, for example,
updated result = 3.4

The user can add, subtract, multiply, and divide, using instructions such as
* 3
Design the user
interface

For example, we might have the following interaction between the user and
the program:
result = 0
+ 80
result + 80 = 80
updated result = 80
– 2
result – 2 = 78
updated result = 78
e

Design a class
Keep track of
the result in an
instance variable
result

5IFVTFSTJOQVUJTTIPXOJODPMPS BOEUIFCMBDLUFYUJTPVUQVUGSPNUIFQSPHSBN
The program assumes that the initial “result” is zero. The program echoes the
input data and shows the result of each computation. To end a set of calculations,
MFUTBTLUIFVTFSUPFOUFSUIFMFUUFS&JOFJUIFSVQQFSDBTFPSMPXFSDBTF
After our suggested interface is accepted, we can begin designing a class
for a calculator. We can give the class a main method that is a complete, simple
calculator program that adheres to our specifications for a user interface.
Later, we can design a more elaborate interface and let the calculator be a
CJU NPSF QPXFSGVM 6MUJNBUFMZ  XF DPVME HJWF PVS DBMDVMBUPS B XJOEPXJOH
interface.
-FUT NBJOUBJO UIF DVSSFOU SFTVMU JO B QSJWBUF JOTUBODF WBSJBCMF DBMMFE
result. The program always adds, subtracts, multiplies, or divides the current
result and the number entered. For instance, if the user enters
– 9.5

and the current value of result is 80, the value of result is changed to 70.5.
-FUTHJWFUIFDMBTTBUMFBTUUIFGPMMPXJOHNFUIPET

Desired methods

t "NFUIPEreset to reset the value of result to zero
t "NFUIPEevaluate to calculate the result of one operation
t "NFUIPEdoCalculation that performs a series of operations
t "O BDDFTTPS NFUIPE getResult that returns the value of the instance
variable result
t "NVUBUPSNFUIPEsetResult that sets the value of result to any specified
value
The definitions of the methods reset, setResult, and getResult are
routine, but the methods evaluate and doCalculation require a bit of

9.3 More About Exception Classes

UIPVHIU 5P TJNQMJGZ UIF GJSTU ESBGU PG PVS DPEF  MFUT BTTVNF UIBU FWFSZUIJOH
will go smoothly. That is, nothing unusual will occur to cause an exception.
We might note possible exceptions as we think of them, but we will not write
BOZFYDFQUJPOIBOEMJOHDPEFVOUJMBGUFSUIFDPSFPGUIFDMBTTJTEFTJHOFE
To make our class more versatile, the method evaluate can return the
result of one operation, rather than updating the instance variable result
directly. Thus, we can specify the method as follows:
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Specification of a
method to return
the result of one
operation

/**
Returns n1 op n2,
provided op is one of ‘+’, ‘–’, ‘*’, or ‘/’.
*/
public double evaluate(char op, double n1, double n2)

5IFIFBSUPGUIFDBMDVMBUPSTBDUJPOJTQFSGPSNFECZUIFNFUIPEdoCalculation,
which we specify as
/**
Interacts with the user to perform a series
of calculations and updates result.
*/
public void doCalculation()

-FUTEFWFMPQdoCalculation first. The method should repeat the following
TFRVFODFBHBJOBOEBHBJOVOUJMUIFVTFSFOUFSTBTFOUJOFMTVDIBTUIFMFUUFS&

Specification
of a method to
return the result
of a series of
operations

char nextOp = (keyboard.next()).charAt(0);
double nextNumber = keyboard.nextDouble();
result = evaluate(nextOp, result, nextNumber);

)FSFkeyboard.next() reads the operator as a string, and charAt(0) returns it
as a character. Also, nextOp and nextNumber are local variables, while result
is the instance variable.
We will embed the previous code in a loop within doCalculation, as follows:
boolean done = false;
while (!done)
{
char nextOp = (keyboard.next()).charAt(0);
if ((nextOp == 'e') || (nextOp == 'E'))
done = true;
else
{
double nextNumber = keyboard.nextDouble();
result = evaluate(nextOp, result, nextNumber);
System.out.println("result " + nextOp + " " +
nextNumber + " = " + result);
System.out.println("updated result = " + result);
}
}

The basic logic
of the method
doCalculation
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/FYU  MFUT DPOTJEFS UIF NFUIPE evaluate. We can write a large switch
statement like the following one:

The basic logic
of the method
evaluate

switch (op)
{
case '+':
answer = n1 + n2;
break;
case '-':
answer = n1 - n2;
break;
case '*':
answer = n1 * n2;
break;
case '/':
answer = n1 / n2; //Worry about division by zero
break;
default: //Worry about illegal characters
}
return answer;

In the first test of our code, we could completely ignore our comments
about the things that can be wrong, but to shorten this case study, we will
throw some exceptions. We will not, however, handle the exceptions right
now. Suppose we include the following code in the preceding case for division:
Do not compare
a floating-point
number with zero

if (n2 == 0.0)
throw new DivideByZeroException();

This approach is conceptually fine, but there is one problem: The numbers
involved are of type double'MPBUJOHQPJOUOVNCFSTTVDIBTUIFTFSFQSFTFOU
only approximate quantities, so we should not use == to test them for exact
equality, as we discussed in Chapter 3. The value of n2 might be so close
to zero that dividing another number by it would have the same effect as
dividing by zero, yet the test would say that it is not equal to zero. We should
UISPX BO FYDFQUJPO XIFOFWFS UIF EFOPNJOBUPS JT WFSZ DMPTF UP [FSP )PX
should we define “very close to zero”? We could, for example, consider any
RVBOUJUZ MFTT UIBO POF UFOUIPVTBOEUI BT WFSZ DMPTF UP [FSP #VU XF NJHIU
GJOEMBUFSUIBUUIJTWBMVFJTOPUUIFCFTUDIPJDF TPJOTUFBEMFUTVTFBOJOTUBODF
variable, named precision. For now, the definition of precision can be
private double precision = 0.0001;

Thus, the case for division becomes

Preventing
division by zero
or almost zero

case '/':
if ( (-precision < n2) && (n2 < precision) )
throw new DivideByZeroException();
answer = n1 / n2;
break;

9.3 More About Exception Classes

Now, what if the user enters some character other than '+', '-', '*', or
'/' for the operation? We can throw another exception in the default case of
the switch statement, as follows:
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Throw an
exception if the
operator is not
recognized

default:
throw new UnknownOpException(op);

The DivideByZeroException class was defined in Listing 9.5.
UnknownOpException is a new exception class that we need to define. It is
similar to other exception classes we have written and is given in Listing 9.10.
Note that when the user enters an unknown operator, we want to provide
an error message that includes the erroneous character. Thus, our class has a
constructor that names the operator as an argument of type char.
LISTING 9.10 The UnknownOpException Class
public class UnknownOpException extends Exception
{
public UnknownOpException()
{
super("UnknownOpException");
}
public UnknownOpException(char op)
{
super(op + " is an unknown operator.");
}
public UnknownOpException(String message)
{
super(message);
}
}

The heading of the method doCalculation must include a throws clause
for the exception classes UnknownOpException and DivideByZeroException,
even though the body of doCalculation does not contain any throw
statements. The throws clause is necessary because doCalculation
calls the method evaluate, and the method evaluate can throw an
UnknownOpException or a DivideByZeroException.
At this point, we have most of the program written, except for the
exception handling. Our preliminary version of the program is shown in
-JTUJOH8FDBOEFCVHBOEUFTUJUCFGPSFXFXSJUFUIFFYDFQUJPOIBOEMJOH
portion. As long as the user does not enter an unknown operator or attempt to
perform a division by zero, this version will run fine.

Our first draft can
throw exceptions
but will not
handle them
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LISTING 9.11 The Unexceptional Cases (part 1 of 3)
This version of the program does
not handle exceptions and thus is
not yet complete. However, it does
run and can be used for debugging.
import java.util.Scanner;
/**
PRELIMINARY VERSION without exception handling.
Simple line-oriented calculator program. The class
can also be used to create other calculator programs.
*/
public class PrelimCalculator
{
private double result;
private double precision = 0.0001;
//Numbers this close to zero are treated as if equal to zero.

The definition of the main
public static void main(String[] args)
throws DivideByZeroException, method will change before
this case study ends.
UnknownOpException
{
PrelimCalculator clerk = new PrelimCalculator();
System.out.println("Calculator is on.");
System.out.print("Format of each line: ");
System.out.println("operator space number");
System.out.println("For example: + 3");
System.out.println("To end, enter the letter e.");
clerk.doCalculation();
System.out.println("The final result is " +
clerk.resultValue());
System.out.println("Calculator program ending.");
}
public PrelimCalculator()
{
result = 0;
}
public void reset()
{
result = 0;
}

(continued)
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LISTING 9.11 The Unexceptional Cases (part 2 of 3)
reset, setResult , and getResult
are not used in this program, but might
be needed by some other application
that uses this class.
public void setResult(double newResult)
{
result = newResult;
}
public double getResult()
{
return result;
}
/**
Returns n1 op n2, provided op is one of '+', '–', '*',or '/'.
Any other value of op throws UnknownOpException.
*/
public double evaluate(char op, double n1, double n2)
throws DivideByZeroException, UnknownOpException
{
double answer;
switch (op)
{
case '+':
answer = n1 + n2;
break;
case '-':
answer = n1 - n2;
break;
case '*':
answer = n1 * n2;
break;
case '/':
if ((-precision < n2) && (n2 < precision))
throw new DivideByZeroException();
answer = n1 / n2;
break;
default:
throw new UnknownOpException(op);
}
return answer;
}

(continued)
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LISTING 9.11 The Unexceptional Cases (part 3 of 3)
public void doCalculation() throws DivideByZeroException,
UnknownOpException
{
Scanner keyboard = new Scanner(System.in);
boolean done = false;
result = 0;
System.out.println("result = " + result);
while (!done)
{
char nextOp = (keyboard.next()).charAt(0);
if ((nextOp == 'e') || (nextOp == 'E'))
done = true;
else
{
double nextNumber = keyboard.nextDouble();
result = evaluate(nextOp, result, nextNumber);
System.out.println("result " + nextOp + " " +
nextNumber + " = " + result);
System.out.println("updated result = " + result);
}
}
}
}

Sample Screen Output
Calculator is on.
Format of each line: operator space number
For example: + 3
To end, enter the letter e.
result = 0.0
+ 4
result + 4.0 = 4.0
updated result = 4.0
* 2
result* 2.0 = 8.0
updated result = 8.0
e
The final result is 8.0
Calculator program ending.

9.3 More About Exception Classes

Once we have debugged the preliminary version of our program, we can add
exception handling. The most significant exception is UnknownOpException,
so we consider it first. We have already given the definition of the class
UnknownOpException, but we have not yet done anything with it, other than
to throw it in the method evaluate and to declare it in throws clauses. The
method evaluate is invoked by the method doCalculation, and the method
doCalculation is invoked by the method main. We have three typical ways of
handling the exception:
t $BUDIUIFFYDFQUJPOJOUIFNFUIPEevaluate.
t %FDMBSFUIFFYDFQUJPOUnknownOpException in a throws clause in the method
evaluate, and then catch the exception in the method doCalculation.
t %FDMBSFUIFFYDFQUJPOUnknownOpException in a throws clause in both the
method evaluate and the method doCalculation, and then catch the
exception in the method main.
The approach we choose depends on what we want to have happen when
an exception is thrown. We would use either of the first two ways if we wanted
the user to try again to enter the operator. We would use the last way if we
wanted to restart the entire calculation. Suppose we decide on this last approach
and place the try and catch blocks in the method main. This decision leads us
to rewrite main, as shown in Listing 9.12. In doing so, we introduce two new
methods, handleUnknownOpException and handleDivideByZeroException.
All that is left to do is to define these two methods for handling exceptions.
If you look at the catch block in the method main, you will see that,
when an UnknownOpException is thrown, it is handled by the method
handleUnknownOpException. We designed this method to give the user a second
chance to enter the calculation, starting from the beginning. If the user enters an
unknown operator during this second chance, another UnknownOpException is
thrown, but this time it is caught in the method handleUnknownOpException and
the program ends. (There are other good ways to handle an UnknownOpException,
but this one is satisfactory.) To see the code for this case, look at the catch block
in the method handleUnknownOpException in Listing 9.12.
If the user attempts to divide by zero, we will simply end the
program. (Perhaps we will do something more elaborate in a future
version of this program, but this will do for now.) Thus, the method
handleDivideByZeroException is quite simple.

■ PROGRAMMING TIP

Documentation Should Describe
Possible Exceptions

When using classes and methods written by another programmer, you
would want documentation that describes the possible exceptions. Such
documentation can give you some idea of how to handle these exceptions.
Consider this when writing the javadoc comments and other documentation
for the code that you write.
■
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Our final version
adds exception
handling

Possible ways
to handle an
exception due
to an unknown
operator

We handle
exceptions in
separate methods
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LISTING 9.12 The Complete Line-Oriented Calculator
(part 1 of 3)
import java.util.Scanner;
/**
Simple line-oriented calculator program. The class
can also be used to create other calculator programs.
*/
public class Calculator
{
private double result;
private double precision = 0.0001;
//Numbers this close to zero are treated as if equal to zero.
public static void main(String[] args)
{
Calculator clerk = new Calculator();
try
{
System.out.println("Calculator is on.");
System.out.print("Format of each line: ");
System.out.println("operator space number");
System.out.println("For example: + 3");
System.out.println("To end, enter the letter e.");
clerk.doCalculation();
}
catch(UnknownOpException e)
{
clerk.handleUnknownOpException(e);
}
catch(DivideByZeroException e)
{
clerk.handleDivideByZeroException(e);
}
System.out.println("The final result is " +
clerk.resultValue());
System.out.println("Calculator program ending.");
}
public Calculator()
{
result = 0;
}

(continued)

9.3 More About Exception Classes

LISTING 9.12 The Complete Line-Oriented Calculator
(part 2 of 3)
public void handleDivideByZeroException
(DivideByZeroException e)
{
System.out.println("Dividing by zero.");
System.out.println("Program aborted");
System.exit(0);
}
public void handleUnknownOpException(UnknownOpException e)
{
System.out.println(e.getMessage());
System.out.println("Try again from the beginning:");
try
{
System.out.print("Format of each line: ");
System.out.println("operator number");
System.out.println("For example: + 3");
System.out.println("To end, enter the letter e.");
doCalculation();
The first UnknownOpException

gives the user another chance.

}
catch(UnknownOpException e2)

This block catches an

{

if it is thrown a second time.

UnknownOpException

System.out.println(e2.getMessage());
System.out.println("Try again at some other time.");
System.out.println("Program ending.");
System.exit(0);
}
catch(DivideByZeroException e3)
{
handleDivideByZeroException(e3);
}
}

The methods reset, setResult, getResult, evaluate, and doCalculation
are the same as in Listing 9.11.
}

(continued)
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LISTING 9.12 The Complete Line-Oriented Calculator
(part 3 of 3)
Sample Screen Output
Calculator is on.
Format of each line: operator space number
For example: + 3
To end, enter the letter e.
result = 0.0
+ 80
result + 80.0 = 80.0
updated result = 80.0
- 2
result - 2.0 = 78.0
updated result = 78.0
% 4
% is an unknown operator.
Try again from the beginning:
Format of each line is: operator space number
For example: + 3
To end, enter the letter e.
result = 0.0
+ 80
result + 80.0 = 80.0
updated result = 80.0
- 2
result - 2.0 = 78.0
updated result = 78.0
* 0.04
result * 0.04 = 3.12
updated result = 3.12
e
The final result is 3.12
Calculator program ending.

9.4 Graphics Supplement
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34. Write an accessor method called getPrecision that can be added to the
class Calculator in Listing 9.12 and that returns the value of the instance
variable precision. Also, write a mutator method called setPrecision
that changes the value of the instance variable precision to any specified
value.
35. What would happen if you ran the program in Listing 9.11 and entered an
unknown operator—such as % or #—that the program cannot recognize?

9.4 GRAPHICS SUPPLEMENT
That’s an interesting color. What’s it called?
—A FRIEND ON SEEING MY NEWLY PAINTED DINING ROOM

In this section we give an example of a JFrame(6*UIBUVTFTFYDFQUJPOT

Exceptions in GUIs
You could avoid catching any exceptions that methods could throw by
declaring all exceptions in throws clauses in the methods, including main.
)PXFWFS  UIJT JT OPU B HPPE QSPHSBNNJOH QSBDUJDF "O VODBVHIU FYDFQUJPO
JO B OPO(6* +BWB BQQMJDBUJPO QSPHSBN XJMM FOE UIF QSPHSBN XJUI BO FSSPS
message. In either a JFrame(6*QSPHSBNPSBOBQQMFU BOVODBVHIUFYDFQUJPO
EPFTOPUFOEUIFQSPHSBN)PXFWFS ZPVS(6*NBZOPUDPQFDPSSFDUMZXJUI
the exception, or the user may not receive sufficient instructions. Thus, with
(6*QSPHSBNTJUJTFWFONPSFJNQPSUBOUUPFOTVSFUIBUBMMDIFDLFEFYDFQUJPOT
that are thrown are eventually caught.

PROGRAMMING EXAMPLE

A JFrame GUI Using Exceptions

Listing 9.13 contains the definition of a JFrame(6*UIBUBMMPXTUIFVTFSUP
see samples of colors. The user enters the name of the color in a text field
and clicks the ShowColor CVUUPO *G UIF (6* LOPXT BCPVU UIBU DPMPS  UIF
CBDLHSPVOEDIBOHFTUPUIFOBNFEDPMPS*GUIF(6*EPFTOPULOPXBCPVUUIF
color, the text field shows the message UnknownColor and the background
changes to gray.
5IFVTFSTJOQVUTUSJOHJTDPOWFSUFEUPBOPCKFDUPGUIFDMBTT Color by the
method getColor. The method getColor throws an exception if it is given a

Catching
exceptions in a
GUI program is
important
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LISTING 9.13 A JFrame GUI Using Exceptions (part 1 of 2)
import
import
import
import
import
import
import
import
import

javax.swing.JButton;
javax.swing.JFrame;
javax.swing.JTextField;
java.awt.Color;
java.awt.Container;
java.awt.FlowLayout;
java.awt.Graphics;
java.awt.event.ActionEvent;
java.awt.event.ActionListener;

public class ColorDemo extends JFrame implements ActionListener
{
public static final int WIDTH = 400;
public static final int HEIGHT = 300;
public static final int NUMBER_OF_CHAR = 20;
private JTextField colorName;
public ColorDemo()
{
setSize(WIDTH, HEIGHT);
WindowDestroyer listener = new WindowDestroyer();
addWindowListener(listener);
Container contentPane = getContentPane();
contentPane.setBackground(Color.GRAY);
contentPane.setLayout(new FlowLayout());
JButton showButton = new JButton("Show Color");
showButton.addActionListener(this);
contentPane.add(showButton);
colorName = new JTextField(NUMBER_OF_CHAR);
contentPane.add(colorName);
}
public void actionPerformed(ActionEvent e)
{
Container contentPane = getContentPane();
try
{
contentPane.setBackground(
getColor(colorName.getText()));
}
catch(UnknownColorException exception)

(continued)

9.4 Graphics Supplement

LISTING 9.13 A JFrame GUI Using Exceptions (part 2 of 2)
{
colorName.setText("Unknown Color");
contentPane.setBackground(Color.GRAY);
}
}
public Color getColor(String name) throws UnknownColorException
{
if (name.equalsIgnoreCase("RED"))
return Color.RED;
else if (name.equalsIgnoreCase("WHITE"))
return Color.WHITE;
else if (name.equalsIgnoreCase("BLUE"))
return Color.BLUE;
else if (name.equalsIgnoreCase("GREEN"))
return Color.GREEN;
else
throw new UnknownColorException();
}
}

color that it does not recognize, such as Orange. The exception is not caught
in the method getColor but is declared in a throws clause. The invocation
of the method getColor is in a try block in the method actionPerformed,
which also contains the catch block for the exception.
5PSVOUIF(6* ZPVOFFEGPVSDMBTTFT ColorDemo, given in Listing 9.13;
UnknowColorException, given in Listing 9.14; ShowColorDemo, given in
Listing 9.15; and WindowDestroyer, given in Listing 8.22 in the previous
chapter.
LISTING 9.14 The Class UnknownColorException
public class UnknownColorException extends Exception
{
public UnknownColorException()
{
super("Unknown Color!");
}
public UnknownColorException(String message)
{
super(message);
}
}
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LISTING 9.15 Running the GUI ColorDemo
public class ShowColorDemo
{
public static void main(String[] args)
{
ColorDemogui = new ColorDemo( );
gui.setVisible(true);
}
}

Sample Screen Output
Sample Screen Output

After clicking button

After changing text field
After clicking button

9.4 Graphics Supplement

GOTCHA A throws Clause Is Not Allowed in actionPerformed
When you define the method actionPerformed in an action listener class, you
cannot add a throws clause. The heading for the method actionPerformed
is completely specified for you, and you cannot change it in any way,
other than renaming its one parameter. Thus, if you throw an exception
in your definition of the method actionPerformed, you need to catch the
exception within the method. For example, in Listing 9.13, you must catch the
UnknownColorException within the body of actionPerformed.
Similarly, if you were to redefine the method windowClosing in a window
listener class, such as WindowDestroyer, you could not add a throws clause to
the heading of the method windowClosing.
■

GOTCHA Uncaught Checked Exceptions in a GUI Program
"OVODBVHIUDIFDLFEFYDFQUJPOJOFJUIFSBOBQQMFUPSB(6*QSPHSBNUIBUVTFT
JFrame will not end program execution. Although a Java application program

UIBU EPFT OPU IBWF B (6* XJMM FOE XJUI BO FSSPS NFTTBHF JO TVDI DBTFT  BO
BQQMFUPSB(6*QSPHSBNXJMMDBVTFVOQSFEJDUBCMFSFTVMUTBOEMJLFMZMFBWFUIF
user bewildered.
■

S E L F-TE S T QU E S TIO N S
 3FXSJUFUIFDMBTTColorDemo in Listing 9.13 so that it is an applet.
37. The try block in Listing 9.13 contains invocations to three methods:
SetBackground, getColor, and getText. The one catch block catches an
UnknownColorException thrown by the method getColor. Should we
have written other catch blocks for exceptions thrown by the other two
methods called in the try block?

CHAPTER SUMMARY
■

An exception is an object of a class derived from the class Exception%F
scendants of the class Error are not exceptions, but they behave like them.

■

&YDFQUJPOIBOEMJOHBMMPXTZPVUPEFTJHOBOEDPEFUIFOPSNBMDBTFGPSZPVS
program separately from the code that handles exceptional situations.

■

Java provides predefined exception classes. You can also define your own
exception classes.

■

+BWB IBT UXP LJOET PG FYDFQUJPOT DIFDLFE BOE VODIFDLFE SVOUJNF  "
method that throws a checked exception must either handle it or declare it
in a throws clause within its heading. Checked exceptions must be caught
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FWFOUVBMMZ 0UIFSXJTF  QSPHSBN FYFDVUJPO XJMM UFSNJOBUF 6ODIFDLFE  PS
SVOUJNF FYDFQUJPOTOFFEOPUCFDBVHIUPSEFDMBSFEJOBthrows clause and
VTVBMMZBSFOPU6ODIFDLFEFYDFQUJPOTCFMPOHUPDMBTTFTEFSJWFEGSPNUIF
class RuntimeException. All other exceptions are checked.
■

Certain Java statements themselves might throw an exception. Methods
from class libraries might throw exceptions. You can also explicitly throw
an exception in your code by using a throw statement.

■

When a method might throw an exception but not catch it, the exception
class usually must be listed in a throws clause for the method.

■

An exception is caught in a catch block.

■

A try block is followed by one or more catch blocks. In this case, always list
the catch block for a more specific exception class before the catch block
for a more general exception class.

■

&WFSZFYDFQUJPOIBTB getMessage method that can be used to recover a
description of the caught exception.

■

%POPUPWFSVTFFYDFQUJPOT

Exercises
1. Write a program that allows students to schedule appointments at either 1,
    PSPDMPDLQN6TFBOBSSBZPGTJYTUSJOHTUPTUPSFUIFOBNFTGPS
the time slots. Write a loop that iterates as long as the array has a free space.
Within a try block, allow the user to enter a time and a name. If the time is
free, put the name in the array. If the time is not free, throw a TimeInUseException. If the time is not valid, throw an InvalidTimeException6TF
a catch block for each different kind of exception.
2. Write a program that allows the user to compute the remainder after the
division of two integer values. The remainder of x/y is x%y. Catch any ex
ception thrown and allow the user to enter new values.
3. Write an exception class that is appropriate for indicating that a time en
tered by a user is not valid. The time will be in the format hour:minute fol
lowed by “am” or “pm.”
  %FSJWFFYDFQUJPODMBTTFTGSPNUIFDMBTTZPVXSPUFJOUIFQSFWJPVT FYFS
DJTF&BDIOFXDMBTTTIPVMEJOEJDBUFBTQFDJGJDLJOEPGFSSPS'PSFYBNQMF 
InvalidHourException could be used to indicate that the value entered for
hour was not an integer in the range 1 to 12.
5. Write a class TimeOfDay that uses the exception classes defined in the previ
PVTFYFSDJTF(JWFJUBNFUIPE setTimeTo(timeString) that changes the
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time if timeString corresponds to a valid time of day. If not, it should
throw an exception of the appropriate type.
6. Write code that reads a string from the keyboard and uses it to set the vari
able myTime of type TimeOfDayGSPNUIFQSFWJPVTFYFSDJTF6TFtry-catch
blocks to guarantee that myTime is set to a valid time.
7. Create a class SongCard that represents a gift card for the purchase of songs
online. It should have the following private attributes:
  t songs—the number of songs on the card
  t activated—true if the card has been activated
and the following methods:
  t SongCard(n)—a constructor for a card with n songs.
  t activate—activates the gift card. Throws an exception if the card has
already been activated.
  t b
 uyASong—records the purchase of one song by decreasing the number
of songs left for purchase using this card. Throws an exception if the gift
card is either completely used or not active.
  t songsRemaining—returns the number of songs that can be purchased
using the gift card.
8. Create a class Rational that represents a rational number. It should have
private attributes for
  t 5IFOVNFSBUPS BOJOUFHFS
  t 5IFEFOPNJOBUPS BOJOUFHFS
and the following methods:
  t Rational(numerator, denominator)—a constructor for a rational number.
  t "DDFTTPS NFUIPET getNumerator and getDenominator and mutator
methods setNumerator and setDenominator for the numerator and the
denominator.
You should use an exception to guarantee that the denominator is never zero.
  3FWJTFUIFDMBTT Rational described in the previous exercise to use an as
sertion instead of an exception to guarantee that the denominator is never
zero.
10. Suppose that you are going to create an object used to count the number
of people in a room. We know that the number of people in the room can
never be negative. Create a RoomCounter class having three public methods:
  t addPerson—adds one person to the room
  t removePerson—removes one person from the room
  t getCount—returns the number of people in the room
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If removePerson would make the number of people less than zero, throw
a NegativeCounterException.
 3FWJTFUIFDMBTT RoomCounter described in the previous exercise to use an
assertion instead of an exception to prevent the number of people in the
room from becoming negative.
12. Show the modifications needed to add exponentiation to the class CalculatorJO-JTUJOH6TF?UPJOEJDBUFUIFFYQPOFOUJBUJPOPQFSBUPSBOE
the method Math.pow to perform the computation.
13. Write a class LapTimer that can be used to time the laps in a race. The class
should have the following private attributes:
t running—a boolean indication of whether the timer is running
t startTime—the time when the timer started
t lapStartUIFUJNFSTWBMVFXIFOUIFDVSSFOUMBQTUBSUFE
t lapTime—the elapsed time for the last lap
t totalTime—the total time from the start of the race through the last
completed lap
  t lapsCompleted—the number of laps completed so far
  t lapsInRace—the number of laps in the race













The class should have the following methods:
  t LapTimer(n)—a constructor for a race having n laps.
  t start—starts the timer. Throws an exception if the race has already
started.
  t m
 arkLap—marks the end of the current lap and the start of a new lap.
Throws an exception if the race is finished.
  t g
 etLapTime—returns the time of the last lap. Throws an exception if the
first lap has not yet been completed.
  t getTotalTime—returns the total time from the start of the race through
the last completed lap. Throws an exception if the first lap has not yet
been completed.
  t g
 etLapsRemaining—returns the number of laps yet to be completed,
including the current one.
&YQSFTTBMMUJNFTJOTFDPOET
To get the current time in milliseconds from some baseline date,
invoke
Calendar.getInstance().getTimeInMillis()

This invocation returns a primitive value of type long. By taking the
difference between the returned values of two invocations at two
different times, you will know the elapsed time in milliseconds between
the invocations. Note that the class Calendar is in the package java.
util.
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PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
  6TFUIFFYDFQUJPODMBTT MessageTooLongExceptionPG4FMG5FTU2VFTUJPO
16 in a program that asks the user to enter a line of text having no more
than 20 characters. If the user enters an acceptable number of characters,
the program should display the message, “You entered x characters, which
is an acceptable length” (with the letter x replaced by the actual number
of characters). Otherwise, a MessageTooLongException should be thrown
and caught. In either case, the program should repeatedly ask whether the
user wants to enter another line or quit the program.
  8SJUFBQSPHSBNUIBUDPOWFSUTBUJNFGSPNIPVSOPUBUJPOUPIPVS
notation. The following is a sample interaction between the user and the
program:
Enter time in 24-hour
13:07
That is the same as
1:07 PM
Again? (y/n)
y
Enter time in 24-hour
10:15
That is the same as
10:15 AM
Again? (y/n)
y
Enter time in 24-hour
10:65
There is no such time
Try Again:
Enter time in 24-hour
16:05
That is the same as
4:05 PM
Again? (y/n)
n
End of program

notation:

notation:

notation:
as 10:65
notation:

%FGJOFBOFYDFQUJPODMBTTDBMMFE TimeFormatException. If the user enters
an illegal time, like 10:65, or even gibberish, like 8&*68, your program
should throw and handle a TimeFormatException.
3. Write a program that uses the class Calculator in Listing 9.12 to create a
more powerful calculator. This calculator will allow you to save one result
in memory and call the result back. The commands the calculator takes are
  t e for end
  t c for clear; sets result to zero
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  t m for save in memory; sets memory equal to result
  t r for recall memory; displays the value of memory but does not change
result

You should define a derived class of the class Calculator that has
one more instance variable for the memory, a new main method
that runs the improved calculator, a redefinition of the method
handleUnknownOpException, and anything else new or redefined that you
need. A sample interaction with the user is shown next. Your program
need not produce identical output, but it should be similar and just as
clear or even clearer.
Calculator on:
result = 0.0
+ 4
result + 4.0 = 4.0
updated result = 4.0
/ 2
result / 2.0 = 2.0
updated result = 2.0
m
result saved in memory
c
result = 0.0
+ 99
result + 99.0 = 99.0
updated result = 99.0
/ 3
result / 3.0 = 33.0
updated result = 33.0
r
recalled memory value = 2.0
result = 33.0
+ 2
result + 2.0 = 35.0
updated result = 35.0
e
End of program

  8SJUFBQSPHSBNUIBUDPOWFSUTEBUFTGSPNOVNFSJDBMNPOUIEBZGPSNBUUPBM
QIBCFUJDNPOUIEBZGPSNBU'PSFYBNQMF JOQVUPGPSXPVMEQSP
duce January 31 as output. The dialogue with the user should be similar to that
shown in Programming Project 2. You should define two exception classes, one
called MonthException and another called DayException. If the user enters
anything other than a legal month number (integers from 1 to 12), your pro
gram should throw and catch a MonthException. Similarly, if the user enters
anything other than a valid day number (integers from 1 to either 29, 30, or 31,
depending on the month), your program should throw and catch a DayException. To keep things simple, assume that February always has 28 days.
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5. Modify the driver program from Programming Project 6 in Chapter 8 to
use three exception classes called CylinderException, LoadException,
and TowingException. The number of cylinders must be an integer from
1 to 12, the load capacity must be a number from 1 to 10 (possibly with
a fractional part), and the towing capacity must be a number from 1 to 20
(possibly with a fractional part). Anything other than numbers in these
ranges should cause your program to throw and catch the appropriate ex
ception. You also need to define the classes CylinderException, LoadException, and TowingException.
  %FGJOFBOFYDFQUJPODMBTTDBMMFEDimensionException to use in the driver
program from Programming Project 7 in Chapter 8. Modify that driver
program to throw and catch a DimensionException if the user enters some
thing less than or equal to zero for a dimension.
7. Write a program to enter employee data, including Social Security number
and salary, into an array. The maximum number of employees is 100, but
your program should also work for any number of employees less than 100.
Your program should use two exception classes, one called SSNLengthException for when the Social Security number entered—without dashes or
spaces—is not exactly nine characters and the other called SSNCharacterException for when any character in the Social Security number is not a digit.
When an exception is thrown, the user should be reminded of what she or he
entered, told why it is inappropriate, and asked to reenter the data. After all
data has been entered, your program should display the records for all em
QMPZFFT XJUIBOBOOPUBUJPOTUBUJOHXIFUIFSUIFFNQMPZFFTTBMBSZJTBCPWF
or below average. You will also need to define the classes Employee, SSNLengthException, and SSNCharacterException%FSJWFUIFDMBTTEmployee
from the class Person in Listing 8.1 of Chapter 8. Among other things, the
class Employee should have input and output methods, as well as construc
UPST BDDFTTPSNFUIPET BOENVUBUPSNFUIPET&WFSZEmployee object should
SFDPSEUIFFNQMPZFFTOBNF BTEFGJOFEJOPerson), salary, and Social Secu
rity number, as well as any other data you need or think is appropriate.
8. A method that returns a special error code can sometimes cause problems.
The caller might ignore the error code or treat the error code as a valid
return value. In this case it is better to throw an exception instead. The fol
lowing class maintains an account balance and returns a special error code.
public class Account
{
private double balance;
public Account()
{
balance = 0;
}

VideoNote
Defining an exception class
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public Account(double initialDeposit)
{
balance = initialDeposit;
}
public double getBalance()
{
return balance;
}
// returns new balance or -1 if error
public double deposit(double amount)
{
if (amount > 0)
balance += amount;
else
return -1; // Code indicating error
return balance;
}
// returns new balance or -1 if invalid amount
public double withdraw(double amount)
{
if ((amount > balance) || (amount < 0))
return -1;
else
balance -= amount;
return balance;
}
}

VideoNote
Solution to Project 8

Graphics

Graphics

Graphics

3FXSJUF UIF DMBTT TP UIBU JU UISPXT BQQSPQSJBUF FYDFQUJPOT JOTUFBE PG
returning −1 as an error code. Write test code that attempts to withdraw
and deposit invalid amounts and catches the exceptions that are thrown.
  3FWJTFUIFDMBTT CalculatorJO-JTUJOHBTBOBQQMFU)BWFUIFVTFS
FOUFSJOQVU TVDIBT  JOBUFYUGJFME)BWFBCVUUPOMBCFMFEUpdate that
causes the applet to perform the indicated operations, such as +80. Another
text field contains the result. Also include a Reset button that restarts a
computation—that is, sets result to zero.
 3FQFBUUIFQSFWJPVTQSPHSBNNJOHQSPKFDU CVUJOTUFBEPGBOBQQMFU XSJUF
BOBQQMJDBUJPOUIBUJNQMFNFOUTB(6*
11. Write an application or applet that implements a lap timer using the class
LapTimerEFTDSJCFEJO&YFSDJTF5IFOFXMBQUJNFSTIPVMEIBWFUXP
buttons: Start and Lap, as well as two labels, one for the time of the last
lap and the other for the total time of all laps. Your class should create a
private instance of LapTimer. Any reasonable small number can be used
for the number of laps.
12. Suppose that you are in charge of customer service for a certain business.
As phone calls come in, the name of the caller is recorded and eventually a
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service representative returns the call and handles the request. Write a class
ServiceRequests that keeps track of the names of callers. The class should
have the following methods:
  t addName(name)—adds a name to the list of names. Throws a ServiceBackUpException if there is no free space in the list.
  t r
 emoveName(name)—removes a name from the list. Throws a NoServiceRequestException if the name is not in the list.
  t getName(i)—returns the ith name in the list.
  t getNumber—returns the current number of service requests.
Write a program that uses an object of type ServiceRequests to keep
track of customers that have called. It should have a loop that, in each
JUFSBUJPO BUUFNQUTUPBEEBOBNF SFNPWFBOBNF PSQSJOUBMMOBNFT6TF
an array of size 10 as the list of names.
 8SJUFBOBQQMJDBUJPOPSBQQMFUUIBUJNQMFNFOUTBUSJQUJNFDBMDVMBUPS%F
fine and use a class TripComputer to compute the time of a trip. TripComputer should have the private attributes
  t totalTime—the total time for the trip
  t r
 estStopTaken—a boolean flag that indicates whether a rest stop has
been taken at the end of the current leg
and the following methods:
  t computeLegTime(distance, speed)—computes the time for a leg of the trip
having a given distance in miles and speed in miles per hour. If either
the distance or the speed is negative, throws an exception.
  t takeRestStop(time)—takes a rest stop for the given amount of time. If
the time is negative, throws an exception. Also throws an exception if the
client code attempts to take two rest stops in a row.
  t getTripTime—returns the current total time for the trip.
  t )FSFJTPOFQPTTJCMFDPOGJHVSBUJPOPGUIFMBCFMT CVUUPOT BOEUFYUGJFMET
SFRVJSFECZUIFUSJQUJNFDBMDVMBUPS

TRIP TIME CALCULATOR
ADD STOP

ADD LEG

STOP TIME

DISTANCE

YOUR TRIP TIME
SO FAR :

SPEED

:
:

Graphics
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Answers to Self-Test Questions
1. Try block entered.
Exception: Time Limit Exceeded.
After catch block.

2. Try block entered.
Leaving try block.
After catch block.

3. An exception is an object. For example, in the following code, Exception
is a constructor for the class Exception:
throw new Exception("Time Limit Exceeded.");

The expression
new Exception("Time Limit Exceeded.");

creates an exception object.
4. Yes, it is perfectly valid, although it is unlikely that you would ever have a
good reason to use it.
5. The behavior would not change. The new code is equivalent to the old code
it replaces.
6. throw new Exception("Time Limit Exceeded.");
Note that the following is an if statement, not a throw statement, even
though it contains a throw statement:
if (waitTime> 30)
throw new Exception("Time Limit Exceeded.");

7. When a throw statement is executed, the enclosing try block ends; no
other statements in the try block are executed. Control passes to the subse
quent catch block whose parameter matches the exception object in type.
&YFDVUJPODPOUJOVFTXJUIUIFTUBUFNFOUTJOUIBUcatch block.
8. try
{
System.out.println("Try block entered.");
if (waitTime> 30)
throw new Exception("Time Limit Exceeded.");
System.out.println("Leaving try block.");
}

9. catch (Exception e)
{
System.out.println("Exception: " + e.getMessage());
}
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10. e is the catchCMPDLQBSBNFUFS
11. No. The catchCMPDLQBSBNFUFSe is just a place holder and can be replaced
by any other valid identifier, such as messenger.
12. if (status.equals("bad"))
throw new Exception("Exception thrown: Bad Status.");

13. Yes, they are perfectly legal, although you would be more likely to write the
following instead:
throw new IOException("Hello Houston!");

In practice, this throw statement would typically be included in some
branching statement, such as an if statement.
14. Yes, it is legal.
15. public class CoreBreachException extends Exception
{
public CoreBreachException()
{
super("Core Breach! Evacuate Ship!");
}
public CoreBreachException(String message)
{
super(message);
}
}

16. public class MessageTooLongException extends Exception
{
public MessageTooLongException()
{
super("Message Too Long!");
}
public MessageTooLongException(String message)
{
super(message);
}
}

17. ExerciseException invoked with an argument.
Do Be Do

18. Wow, Crazy exception thrown!
Crazy exception thrown!
Message is Crazy exception thrown!
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19. try block entered:
DoubleException thrown! DoubleException thrown!
End of code.

20. The output would not change at all. The modified program is completely
equivalent to the original program.
21. The output would change to the following:
try block entered:
Leaving try block.
End of code.

22. 42
IntException thrown!

23. An exception class can be a derived class of any exception class, predefined
or programmer defined. In particular, you can derive an exception class
from the predefined class IOException.
24. Add the throwsDMBVTFUPUIFNFUIPETIFBEJOH BTGPMMPXT
public void doStuff(int n) throws Exception

25. Since the code evidently has compiled, we must assume that the method
declares the exception in a throws clause. If you did not handle the excep
tion by enclosing the method invocation within a try block and writing
an appropriate catch block, the method invocation ends immediately after
the exception is thrown. If the method invocation is inside a try block, the
exception is thrown to a corresponding catch block, if there is one. If there
is no catch block that corresponds to the exception, you have an uncaught
exception, and the method invocation ends as soon as that exception is
thrown.
26. It might be caught either in method B or, if not there, in method A or, if not
in A, outside of method A.
27. Second catch.
End of code.

28. First catch.
End of code.

29. Hello!
End of code.

30. Trying
Starting sampleMethod.
Catching
From sampleMethod with love.
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 :FT)PXFWFS JUXPVMEQSPCBCMZCFCFUUFSUPQMBDFUIFJOOFStry and catch
blocks within a method definition and invoke the method within the larger
try block.
 :FT)PXFWFS JUXPVMEQSPCBCMZCFCFUUFSUPQMBDFUIFJOOFStry and catch
blocks within a method definition and invoke the method within the larger
catch block.
33. Output for argument 99 is
In finally block.
Caught in main.

Output for argument !99 is
Caught in sampleMethod.
In finally block.
After finally block.

Output for argument 0 is
No exception.
Still in sampleMethod.
In finally block.
After finally block.

34. public double getPrecision()
{
return precision;
}
public void setPrecision(double newPrecision)
{
precision = newPrecision;
}

35. The program would end as soon as an UnknownOpException was thrown.
36. You need only make the following changes to the class ColorDemo3FQMBDF
extends JFrame

with
extends JApplet

3FQMBDF
public ColorDemo()

with
public void init()

%FMFUFUIFGPMMPXJOHUISFFMJOFT
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setSize(WIDTH, HEIGHT);
WindowDestroyer listener = new WindowDestroyer();
addWindowListener(listener);

You do not need the class WindowDestroyer for the applet version, but
you still need the class UnknownColorException. These changes are made
to produce the applet file ColorDemoApplet.java, available over the Web
as part of the source code for this book.
37. No. The method SetBackground in the class Component does not throw a
checked exception. The method getText, which is inherited by the class
JTextField from the class JTextComponent, also does not throw a checked
exception. Although getText can throw a NullPointerException, it is a
SVOUJNFFYDFQUJPOUIBUJTVTVBMMZOPUDBVHIU

Streams and File I/O

10.1 AN OVERVIEW OF STREAMS
AND FILE I/O 727
The Concept of a Stream 727
Why Use Files for I/O? 728
Text Files and Binary Files 728
10.2 TEXT-FILE I/O 730
Creating a Text File 730
Appending to a Text File 736
Reading from a Text File 738
10.3 TECHNIQUES FOR ANY FILE 741
The Class File 741
Programming Example: Reading a File
Name from the Keyboard 741
Using Path Names 743
Methods of the Class File 744
Defining a Method to Open a Stream 746
Case Study: Processing a Comma-Separated Values
File 748

Chapter Summary

786

Programming Projects

10

10.4 BASIC BINARY-FILE I/O 751
Creating a Binary File 751
Writing Primitive Values to a Binary File 753
Writing Strings to a Binary File 756
Some Details About writeUTF 757
Reading from a Binary File 759
The Class EOFException 764
Programming Example: Processing a File
of Binary Data 766
10.5 BINARY-FILE I/O WITH OBJECTS
AND ARRAYS 771
Binary-File I/O with Objects of a Class 771
Some Details of Serialization 775
Array Objects in Binary Files 776
10.6 GRAPHICS SUPPLEMENT 779
Programming Example: A JFrame GUI for
Manipulating Files 779

790

Answers to Self-Test Questions

793

I’ll note you in my book of memory.
8*--*".4)",&41&"3& Henry VI, Part II

I/O refers to program input and output. Input can be taken from the keyboard
or from a file. Similarly, output can be sent to the screen or to a file. In this
chapter, we explain how you can write your programs to take input from a file
and send output to a file. By doing so, you will be able to retain your data and
objects long after your program ends its execution.

OBJECTIVES
After studying this chapter, you should be able to
t %FTDSJCFUIFDPODFQUPGBO*0TUSFBN
t &YQMBJOUIFEJGGFSFODFCFUXFFOUFYUGJMFTBOECJOBSZGJMFT
t 4BWFEBUB JODMVEJOHPCKFDUT JOBGJMF
t 3FBEEBUB JODMVEJOHPCKFDUT GSPNBGJMF

PREREQUISITES
You will need some knowledge of exception handling, as described in Chapter 9,
UP VOEFSTUBOE UIJT DIBQUFS )BWJOH TPNF LOPXMFEHF PG JOIFSJUBODF XJMM BMTP CF
helpful. Only Section 10.5 and the Case Study in Section 10.3 of this chapter actually
SFRVJSFTUIBUZPVLOPXBCPVUBSSBZT JOUFSGBDFT BOEJOIFSJUBODF DPWFSFEJO$IBQUFST
7 and 8). You can, of course, skip this section until you learn about these topics. You
NBZDPWFS4FDUJPOBGUFS4FDUJPOTBOEJGZPVXJTI.BOZSFBEFSTNBZ
DIPPTFUPTLJQUIFDPWFSBHFPGCJOBSZGJMFT0OMZTFMFDUFE1SPHSBNNJOH1SPKFDUTJO
UIFSFTUPGUIJTCPPLSFRVJSFTLOPXMFEHFPGBOZUIJOHDPWFSFEJOUIJTDIBQUFS
%FUBJMTPGUIFQSFSFRVJTJUFTBSFBTGPMMPXT
Section
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Prerequisite

10.1 An Overview of Streams
and File I/O

Chapters 1 through 6.

10.2 Text-File I/O

Sections 9.1 and 10.1. Also some knowledge of inheritance from Chapter 8.

10.3 Techniques for Any File

Section 10.2 and Chapter7 for the
Case Study.

10.4 Basic Binary-File I/O

Sections 9.2 and 10.2. You do not
need Section 10.3.

10.1 An Overview of Streams and File I/O
10.5 Binary-File I/O with
Objects and Arrays

Section 10.4 and Chapters 7 and 8.
You do not need Section 10.3.
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Sections 9.4 and 10.3.
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10.1 AN OVERVIEW OF STREAMS AND FILE I/O
Fish say, they have their stream and pond,
But is there anything beyond?
—RUPERT BROOKE, HEAVEN

*OUIJTTFDUJPO XFHJWFZPVBHFOFSBMJOUSPEVDUJPOUPGJMF*0*OQBSUJDVMBS XF
FYQMBJOUIFEJGGFSFODFCFUXFFOUFYUGJMFTBOECJOBSZGJMFT5IF+BWBTZOUBYGPS
GJMF*0TUBUFNFOUTJTHJWFOJOTVCTFRVFOUTFDUJPOTPGUIJTDIBQUFS

The Concept of a Stream
:PV BSF BMSFBEZ VTJOH GJMFT UP TUPSF ZPVS +BWB DMBTTFT BOE QSPHSBNT  ZPVS
NVTJD  ZPVS QJDUVSFT  BOE ZPVS WJEFPT :PV DBO BMTP VTF GJMFT UP TUPSF JOQVU
GPSBQSPHSBNPSUPIPMEPVUQVUGSPNBQSPHSBN*O+BWB GJMF*0 BTXFMMBT
simple keyboard and screen I/O, is handled by streams. A stream is a flow
of data. The data might be characters, numbers, or bytes consisting of binary
digits. If the data flows into your program, the stream is called an input stream.
If the data flows out of your program, the stream is called an output stream.
For example, if an input stream is connected to the keyboard, the data flows
from the keyboard into your program. If an input stream is connected to a file,
the data flows from the file into your program. Figure 10.1 illustrates some of
these streams.
*O +BWB  TUSFBNT BSF JNQMFNFOUFE BT PCKFDUT PG TQFDJBM TUSFBN DMBTTFT
Objects of the class Scanner XIJDIXFIBWFCFFOVTJOHGPSLFZCPBSEJOQVU 
are input streams. The object System.out is an example of an output stream
FIGURE 10.1 Input and Output Streams
Input stream

Output stream

Keyboard
Monitor

Input stream

Output stream

Compact disc
Program

Hard disk

Files can store
programs, music,
pictures, video,
and so on
A stream is a flow
of data into or
out of a program
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UIBUXFIBWFBMTPVTFE*OUIJTDIBQUFS XFEJTDVTTTUSFBNTUIBUDPOOFDUZPVS
program to files instead of to the keyboard or display.

RECAP

Streams

A stream is an object that either
t %
 FMJWFSTEBUBGSPNZPVSQSPHSBNUPBEFTUJOBUJPO TVDIBTBGJMFPSUIF
screen, or
t 5
 BLFTEBUBGSPNBTPVSDF TVDIBTBGJMFPSUIFLFZCPBSE BOEEFMJWFST
UIFEBUBUPZPVSQSPHSBN

Why Use Files for I/O?
%BUBJOBGJMF
remains after
program
execution ends

5IFLFZCPBSEJOQVUBOETDSFFOPVUQVUXFIBWFVTFETPGBSEFBMXJUIUFNQPSBSZ
data. When the program ends, the data typed at the keyboard and left on the
TDSFFOHPBXBZ'JMFTQSPWJEFZPVXJUIBXBZUPTUPSFEBUBQFSNBOFOUMZ5IF
contents of a file remain until a person or program changes the file.
"OJOQVUGJMFDBOCFVTFEPWFSBOEPWFSBHBJOCZEJGGFSFOUQSPHSBNT XJUIPVU
UIFOFFEUPUZQFUIFEBUBBHBJOGPSFBDIQSPHSBN'JMFTBMTPQSPWJEFZPVXJUIB
DPOWFOJFOUXBZUPEFBMXJUIMBSHFRVBOUJUJFTPGEBUB8IFOZPVSQSPHSBNUBLFT
JUTJOQVUGSPNBMBSHFJOQVUGJMF JUSFDFJWFTBMPUPGEBUBXJUIPVUVTFSFGGPSU

Text Files and Binary Files
All of the data in any file is stored as binary digits (bits)—that is, as a long
TFRVFODF PG T BOE T )PXFWFS  JO TPNF TJUVBUJPOT  XF EP OPU UIJOL PG B
file’s contents as a sequence of binary digits. Instead, we think of them as a
sequence of characters. Files that are thought of as sequences of characters,
BOE UIBU IBWF TUSFBNT BOE NFUIPET UP NBLF UIF CJOBSZ EJHJUT MPPL MJLF
5XPLJOETPGGJMFT characters to your program and your text editor, are called text files. All other
files are called binary files.&BDILJOEPGGJMFIBTJUTPXOTUSFBNTBOENFUIPET
text files and
CJOBSZGJMFT
to process them.
:PVS +BWB QSPHSBNT BSF TUPSFE JO UFYU GJMFT :PVS NVTJD GJMFT BOE QJDUVSF
files are binary files. Since text files are sequences of characters, they usually
BQQFBSUIFTBNFPOBMMDPNQVUFST TPZPVDBONPWFZPVSUFYUGJMFTGSPNPOF
computer to another with few or no problems. The contents of binary files are
often based on numbers. The structure of some binary files is standardized so
UIBU UIFZ DBO BMTP CF VTFE PO B WBSJFUZ PG QMBUGPSNT .BOZ QJDUVSF GJMFT BOE
music files fall into this category.
+BWBQSPHSBNTDBODSFBUFPSSFBECPUIUFYUGJMFTBOECJOBSZGJMFT8SJUJOHB
text file and writing a binary file require similar steps. Likewise, reading a text
GJMF JT TJNJMBS UP SFBEJOH B CJOBSZ GJMF 5IF LJOE PG GJMF  IPXFWFS  EFUFSNJOFT
which classes we use to perform the input and output.

10.1 An Overview of Streams and File I/O

5IF POF CJH BEWBOUBHF PG UFYU GJMFT JT UIBU ZPV DBO DSFBUF  MPPL BU  BOE
FEJUUIFNCZVTJOHBUFYUFEJUPS:PVIBWFBMSFBEZEPOFUIJTXIFOXSJUJOHB
+BWBQSPHSBN8JUICJOBSZGJMFT BMMUIFSFBEJOHBOEXSJUJOHNVTUOPSNBMMZCF
done by a special program. Some binary files must be read by the same type
of computer and with the same programming language that originally created
UIFN)PXFWFS +BWBCJOBSZGJMFTBSFQMBUGPSNJOEFQFOEFOUUIBUJT XJUI+BWB 
ZPV DBO NPWF ZPVS CJOBSZ GJMFT GSPN POF UZQF PG DPNQVUFS UP BOPUIFS  BOE
ZPVS+BWBQSPHSBNTXJMMTUJMMCFBCMFUPSFBEUIFCJOBSZGJMFT
&BDIDIBSBDUFSJOBUFYUGJMFJTSFQSFTFOUFEBTPSCZUFT EFQFOEJOHPO
XIFUIFSUIFTZTUFNVTFT"4$**PS6OJDPEF8IFOBQSPHSBNXSJUFTBWBMVFUP
a text file, the number of characters written is the same as if they were written
to a display using System.out.println. For example, writing the int WBMVF
UPBUFYUGJMFQMBDFTGJWFDIBSBDUFSTJOUIFGJMF BTTIPXOJO'JHVSF
In general, writing an integer places between 1 and 11 characters in a text file.
#JOBSZGJMFTTUPSFBMMWBMVFTPGUIFTBNFQSJNJUJWFEBUBJOUIFTBNFGPSNBU
&BDI JT TUPSFE BT B TFRVFODF PG UIF TBNF OVNCFS PG CZUFT 'PS FYBNQMF  BMM
intWBMVFTPDDVQZCZUFTFBDIJOBCJOBSZGJMF BT'JHVSFBMTPJMMVTUSBUFT
" +BWB QSPHSBN JOUFSQSFUT UIFTF CZUFT JO WFSZ NVDI UIF TBNF XBZ UIBU JU
interprets a data item, such as an integer, in the computer’s main memory.
That is why binary files can be handled so efficiently.
FAQ Should I use a text file or a binary file?
6TFBUFYUGJMFJGZPVXBOUBUFYUFEJUPSUPFJUIFSDSFBUFBGJMFUIBUB
program will read or read a file that a program created. In other cases,
DPOTJEFSBCJOBSZGJMF BTJUVTVBMMZPDDVQJFTMFTTTQBDF

REMEMBER Input and Output Terminology
5IFXPSEinputNFBOTUIBUEBUBNPWFTJOUPZPVSQSPHSBN OPUJOUPUIF
GJMF5IFXPSEoutputNFBOTUIBUEBUBNPWFTPVUPGZPVSQSPHSBN OPU
out of the file.

FIGURE 10.2A Text File and a Binary File Containing the
Same Values
A text file
1

2

3

4

5

-

A binary file
12345 -4072

8

...

4

0

2

7

8

...
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S E L F -TE S T QU ESTI ONS
1. Why would anybody write a program that sends its output to a file instead
of to the screen?
  8IFOXFEJTDVTTJOQVU BSFXFSFGFSSJOHUPEBUBNPWJOHGSPNUIFQSPHSBN
to a file or from a file to the program?
3. What is the difference between a text file and a binary file?

10.2 TEXT-FILE I/O
Proper words in proper places,
make the true definition of a style.
—JONATHAN SWIFT, LETTER TO A YOUNG CLERGYMAN (JANUARY 9,1720)

*OUIJTTFDUJPO XFHJWFBEFTDSJQUJPOPGUIFNPTUDPNNPOXBZTUPQFSGPSN
UFYUGJMF*0JO+BWB

Creating a Text File

Opening a file
connects it to a
stream

The class PrintWriterJOUIF+BWB$MBTT-JCSBSZEFGJOFTUIFNFUIPETUIBUXF
will need to create and write to a text file. This class is the preferred one for
writing to a text file. It is in the package java.io, so we will need to begin our
program with an import statement. Actually, we will be using other classes as
well, so we will import them also, as you will see soon.
Before we can write to a text file, we must connect it to an output stream.
That is, we open the file. To do this, we need the name of the file as a string.
The file has a name like out.txt that the operating system uses. We also must
EFDMBSFBWBSJBCMFUIBUXFXJMMVTFUPSFGFSFODFUIFTUSFBNBTTPDJBUFEXJUIUIF
BDUVBMGJMF5IJTWBSJBCMFJTDBMMFEUIFstream variable. Its data type in this case
is PrintWriter 8F PQFO B UFYU GJMF GPS PVUQVU CZ JOWPLJOH PrintWriter’s
constructor and passing it the file name as its argument. Since this action can
throw an exception, we must place the call to the constructor within a try block.
The following statements will open the text file out.txtGPSPVUQVU
String fileName = "out.txt";//Could read file name from user
PrintWriter outputStream = null;
try
{
outputStream = new PrintWriter(fileName);
}
catch(FileNotFoundException e)
{
System.out.println("Error opening the file " + fileName);
System.exit(0);
}

10.2 Text-File I/O

731

The class FileNotFoundException must also be imported from the package File name versus
stream variable
java.io.
Note that the name of the file, in this case out.txt JTHJWFOBTB String
WBMVF(FOFSBMMZ XFXPVMESFBEUIFOBNFPGUIFGJMFJOTUFBEPGVTJOHBMJUFSBM
We pass the file name as an argument to the PrintWriter constructor. The
result is an object of the class PrintWriter, which we assign to our stream
WBSJBCMFoutputStream.
When you connect a file to an output stream in this way, your program
always starts with an empty file. If the file out.txt already exists, its old
contents will be lost. If the file out.txt does not exist, a new, empty file
named out.txt will be created.
Because the PrintWriter constructor might throw a FileNotFoundException
XIJMFBUUFNQUJOHUPPQFOUIFGJMF JUTJOWPDBUJPONVTUBQQFBSXJUIJOBtry block.
Any exception is caught in a catch block. If the constructor throws an exception,
it does not necessarily mean that the file was not found. After all, if you are
creating a new file, it doesn’t already exist. In that case, an exception would mean
that the file could not be created because, for example, the file name was already
being used for a folder (directory) name.
After we open the file—that is, connect the file to the stream—we can
write data to it. The method println of the class PrintWriter works the same
for writing to a textfile as the method System.out.println works for writing
to the screen. PrintWriter also has the method print  XIJDI CFIBWFT KVTU
like System.out.print, except that the output goes to a text file.
Now that the file is open, we always refer to it by using the stream
WBSJBCMF OPUJUTOBNF0VSTUSFBNWBSJBCMF outStream references the output
stream—that is, the PrintWriter object—that we created, so we will use it
XIFO XF JOWPLF println. Notice that outStream is declared outside of the
try CMPDL TP UIBU JU JT BWBJMBCMF PVUTJEF PG UIF CMPDL 3FNFNCFS  BOZUIJOH
EFDMBSFEJOBCMPDLFWFOXJUIJOBtry block—is local to the block.
Let’s write a couple of lines to the text file. The following statements
XPVMEDPNFBGUFSUIFQSFWJPVTTUBUFNFOUTUIBUPQFOFEUIFGJMF
outputStream.println("This is line 1.");
outputStream.println("Here is line 2.");

3BUIFS UIBO TFOEJOH PVUQVU UP B GJMF JNNFEJBUFMZ  PrintWriter waits
to send a larger packet of data. Thus, the output from a println statement,
GPSFYBNQMF JTOPUTFOUUPUIFPVUQVUGJMFSJHIUBXBZ*OTUFBE JUJTTBWFEBOE
placed into an area of memory called a buffer, along with the output from
PUIFSJOWPDBUJPOTPGprint and println. When the buffer is too full to accept
NPSFPVUQVU JUTDPOUFOUTBSFXSJUUFOUPUIFGJMF5IVT UIFPVUQVUGSPNTFWFSBM
println statements is written at the same time, instead of each time a println
executes. This technique is called buffering; it allows faster file processing.
After we finish writing the entire text file, we disconnect the stream from
Closing a file
the file. That is, we close the stream connected to the file by writing
outputStream.close();

disconnects it
from a stream
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Closing the stream causes the system to release any resources used to connect
the stream to the file and to do some other housekeeping. If you do not close
BTUSFBN +BWBXJMMDMPTFJUGPSZPVXIFOUIFQSPHSBNFOET)PXFWFS JUJTTBGFTU
to close the stream by explicitly calling the method close3FDBMMUIBUXIFO
you write data to a file, the data might not immediately reach its destination.
Closing an output stream forces any pending output to be written to the file.
*GZPVEPOPUDMPTFUIFTUSFBNBOEZPVSQSPHSBNUFSNJOBUFTBCOPSNBMMZ +BWB
might not be able to close it for you, and data can be lost. The sooner you
close a stream, the less likely it is that this will happen.
If your program writes to a file and later reads from the same file, it must
close the stream after it is through writing to the file and then reopen the
GJMFGPSSFBEJOH +BWBEPFTIBWFBDMBTTUIBUBMMPXTBGJMFUPCFPQFOGPSCPUI
SFBEJOHBOEXSJUJOH CVUXFXJMMOPUDPWFSUIBUDMBTTJOUIJTCPPL /PUFUIBU
all stream classes, such as PrintWriter, include a method named close.
The calls to println and close need not be within a try block, as they do
not throw exceptions that must be caught. Listing 10.1 contains a simple but
complete program that creates a text file from data read from the user. Notice
that the lines shown in the resulting text file look just as they would if we
wrote them to the screen.We can read this file either by using a text editor or
CZVTJOHBOPUIFS+BWBQSPHSBNUIBUXFXJMMXSJUFBMJUUMFMBUFS

LISTING 10.1 Writing Output to a Text File (part 1 of 2)
import java.io.PrintWriter;
import java.io.FileNotFoundException;
import java.util.Scanner;
public class TextFileOutputDemo
{
public static void main(String[] args)
{
String fileName = "out.txt"; //The name could be read from
//the keyboard.
PrintWriter outputStream = null;
try
{
outputStream = new PrintWriter(fileName};
}
catch(FileNotFoundException e)
{
System.out.println("Error opening the file" +
fileName);
System.exit(0);
}

(continued)

10.2 Text-File I/O

LISTING 10.1 Writing Output to a Text File (part 2 of 2)
System.out.println("Enter three lines of text:");
Scanner keyboard = new Scanner(System.in);
for (int count = 1; count <= 3; count++)
{
String line = keyboard.nextLine();
outputStream.println(count + " " + line);
}
outputStream.close();
System.out.println("Those lines were written to " +
fileName);
}
}

Sample Screen Output
Enter three lines of text:
A tall tree
in a short forest is like
a big fish in a small pond.
Those lines were written to out.txt

Resulting file
1 A tall tree
2 in a short forest is like
3 a big fish in a small pond.

You can use a text editor to
read this file.

RECAP Creating a Text File
SYNTAX
// Open the file PrintWriter
Output_Stream_Name = null;
try
{
Output_Stream_Name = new PrintWriter(File_Name);
}
catch(FileNotFoundException e)
{
Statements_Dealing_With_The_Exception
}

(continued)
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// Write the file using statements of either or both of the
// following forms:
Output_Stream_Name.println(...);
Output_Stream_Name.print(...);
// Close the file
Output_Stream_Name.close();

EXAMPLE
See Listing 10.1.

■ PROGRAMMING TIP

A Program Should Not Be Silent

A program that creates a file should inform the user when it has finished
XSJUJOH UIF GJMF 0UIFSXJTF  ZPV XJMM IBWF XSJUUFO B silent program, and the
user will wonder whether the program has succeeded or has encountered a
QSPCMFN5IJTBEWJDFBQQMJFTUPCPUIUFYUGJMFTBOECJOBSZGJMFT
■
REMEMBER A File Has Two Names in a Program
&WFSZGJMFVTFECZBQSPHSBN XIFUIFSGPSJOQVUPSGPSPVUQVU BQQFBST
UPIBWFUXPOBNFTUIFBDUVBMGJMFOBNFVTFECZUIFPQFSBUJOHTZTUFN
BOEUIFOBNFPGUIFTUSFBNUIBUJTDPOOFDUFEUPUIFGJMF5IFGJMFOBNF
JTVTFEXIFODPOOFDUJOHUIFGJMFUPBTUSFBN5IFTUSFBNOBNFJTVTFE
UIFSFBGUFSUPXPSLXJUIUIFGJMF5IFTUSFBNOBNFEPFTOPUFYJTUBGUFS
the program ends its execution, but the actual file name persists. Note
UIBU TJODFBTUSFBNWBSJBCMFDBOIBWFBMJBTFT BGJMFBDUVBMMZDBOIBWF
more than two names. However, distinguishing between a file name and
a stream name is what is important here.

FAQ What are the rules for naming files?
5IFSVMFTGPSIPXZPVTQFMMGJMFOBNFTEFQFOEPOZPVSPQFSBUJOHTZTUFN 
OPUPO+BWB8IFOZPVQBTTBGJMFOBNFUPB+BWBDPOTUSVDUPSGPSBTUSFBN 
ZPVBSFOPUHJWJOHUIFDPOTUSVDUPSB+BWBJEFOUJGJFS:PVBSFHJWJOHUIF
constructor a string corresponding to the file name. Most common operating
TZTUFNTBMMPXZPVUPVTFMFUUFST EJHJUT BOEUIFEPUTZNCPMXIFOTQFMMJOHGJMF
OBNFT.BOZPQFSBUJOHTZTUFNTBMMPXPUIFSDIBSBDUFSTBTXFMM CVUMFUUFST 
EJHJUT BOEUIFEPUTZNCPMBSFFOPVHIGPSNPTUQVSQPTFT"TVGGJY TVDIBT
.txt in out.txt, has no special meaning to a Java program. We are using
UIFTVGGJYUPJOEJDBUFBUFYUGJMF CVUUIBUJTKVTUBDPNNPODPOWFOUJPO:PV
DBOVTFBOZGJMFOBNFTUIBUBSFBMMPXFECZZPVSPQFSBUJOHTZTUFN CVUZPV
TIPVMECFBXBSFUIBUTPNFPQFSBUJOHTZTUFNTXJMMIJEFUIFTVGGJYCZEFGBVMU

10.2 Text-File I/O
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A try Block Is a Block

Look again at the program in Listing 10.1. It is not an accident or a minor
TUZMJTUJDDPODFSOUIBUDBVTFEVTUPEFDMBSFUIFWBSJBCMF outputStream outside
the tryCMPDL4VQQPTFXFXFSFUPNPWFUIBUEFDMBSBUJPOJOTJEFUIFtry block,
MJLFUIJT
try
{
PrintWriter outputStream = new PrintWriter(fileName);
}

This replacement looks innocent enough, but it makes outputStream a local
WBSJBCMFJOUIF try block. Thus, we would not be able to use outputStream
outside the try block. If we did, we would get an error message saying that
outputStream is an undefined identifier.
■
Chapter 8 suggested that you define a method toString in your classes.
This method returns a string representation of the data in an instance of
the class. The methods print and println of System.out JOWPLF toString
BVUPNBUJDBMMZXIFOHJWFOBOPCKFDUBTBOBSHVNFOU5IJTJTBMTPUSVFGPSprint
and println of an object of PrintWriter.
For example, we could add a toString method to the class Species
JO $IBQUFS  3FDBMM UIBU UIJT DMBTT EFGJOFT UISFF JOTUBODF WBSJBCMFT
name, population , and growthRate . Thus, we could define toString , as
GPMMPXT
public String toString()
{
return ("Name = " + name + "\n" +
"Population = " + population + "\n" +
"Growth rate = " + growthRate + "%");
}

Now, if we write the statements
Species oneRecord = new Species("Calif. Condor", 27, 0.02);
System.out.println(oneRecord.toString());

in a program, they will produce the output
Name = Calif. Condor
Population = 27
Growth rate = 0.02%

We also know that
System.out.println(oneRecord);

XJMMJOWPLFBVUPNBUJDBMMZ BOETPJUXJMMQSPEVDFUIFTBNFPVUQVU
5IFTBNFJTUSVFJGXFXFSFUPXSJUFUPBUFYUGJMF&JUIFSPGUIFTUBUFNFOUT
outputStream.println(oneRecord.toString());

Overriding
toString in the
class Species
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or
outputStream.println(oneRecord);

Extra code on the
Web

XJMMXSJUFUIFQSFWJPVTMZTIPXOPVUQVUUPUIFUFYUGJMFBUUBDIFEUPUIFTUSFBN
outputStream.
The program in the file TextFileSpeciesOutputDemo, which is in the
TPVSDFDPEFBWBJMBCMFPOUIFCPPLT8FCTJUF JMMVTUSBUFTUIJTGBDU

■ PROGRAMMING TIP

Define the Method toString for Your
Classes

Since the methods print and println BVUPNBUJDBMMZ JOWPLF UIF NFUIPE
toString, regardless of whether they belong to the object System.out or to
an object of an output stream, it is a good idea to define toString for your
classes.
■

GOTCHA

Overwriting a File

When you open a text file or a binary file for output, you always begin with
BOFNQUZGJMF*GOPFYJTUJOHGJMFIBTUIFHJWFOOBNF UIFDPOTUSVDUPSUIBUZPV
JOWPLFXJMMDSFBUFBOFNQUZGJMFXJUIUIBUOBNF#VUJGBOFYJTUJOHGJMFIBTUIF
HJWFOOBNF BMMPGJUTEBUBXJMMCFFMJNJOBUFE"OZOFXPVUQVUXJMMCFXSJUUFO
to this existing file. Section 10.3 shows how to test for the existence of a file so
UIBUZPVDBOBWPJEBDDJEFOUBMMZPWFSXSJUJOHJU
■

Appending to a Text File
Appending, or
adding, data to
the end of a file

The way we opened a text file for output in Listing 10.1 ensures that we always
begin with an empty file. If the named file already exists, its old contents
XJMMCFMPTU4PNFUJNFT IPXFWFS UIBUJTOPUXIBUXFXBOU8FNBZTJNQMZ
want to add, or append, more data to the end of the file. To append program
output to the text file named by the String WBSJBCMF fileName, we would
connect the file to the stream outputStreamBTGPMMPXT
outputStream =
new PrintWriter(new FileOutputStream(fileName, true));

Since PrintWriterEPFTOPUIBWFBOBQQSPQSJBUFDPOTUSVDUPSGPSUIJTUBTL XF
need some help from the class FileOutputStream, which we must import
GSPNUIFQBDLBHFKBWBJP5IFTFDPOEBSHVNFOU true) of FileOutputStream’s
constructor indicates that we want to add data to the file, if it exists already.
So if the file already exists, its old contents will remain, and the program’s
output will be placed after those contents. But if the file does not already
FYJTU  +BWB XJMM DSFBUF BO FNQUZ GJMF PG UIBU OBNF BOE BQQFOE UIF PVUQVU UP
the end of this empty file. The effect in this case is the same as in Listing 10.1.

10.2 Text-File I/O
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When appending to a text file in this way, we would still use the same try and
catchCMPDLTBTJO-JTUJOH"WFSTJPOPGUIFQSPHSBNJO-JTUJOHUIBU
appends to the file out.txt is in the program AppendTextFile.java included Extra code on the
Web
XJUIUIFTPVSDFDPEFGPSUIJTCPPLBWBJMBCMFPOUIF8FC

RECAP Opening a Text File for Appending
:PVDBODSFBUFBTUSFBNPGUIFDMBTTPrintWriter that appends data to
the end of an existing text file.
SYNTAX
PrintWriter Output_Stream_Name = new PrintWriter(new
FileOutputStream(File_Name, true));

EXAMPLE
PrintWriter outputStream = new PrintWriter(new
FileOutputStream("out.txt", true));

"GUFSUIJTTUBUFNFOU ZPVDBOVTFUIFNFUIPETprintln and print to
write to the file, and the new text will be written after the old text in
UIFGJMF *OQSBDUJDF ZPVNJHIUXBOUUPTFQBSBUFUIFEFDMBSBUJPOPGUIF
stream variable and the invocation of the constructor, as we did in Listing
 TPZPVDBOIBOEMFBFileNotFoundException that might be thrown
when opening the file.)

S E L F-TE S T QU E S TIO N S
  8SJUF TPNF DPEF UIBU XJMM DSFBUF B TUSFBN OBNFE outStream that is an
object of the class PrintWriter and that connects this stream to a text
file named sam.txt so that your program can send output to the file. If
the file sam.txtEPFTOPUFYJTU DSFBUFBOFXFNQUZGJMF)PXFWFS JGBGJMF
named sam.txt already exists, erase its old contents so the program can
start with an empty file with that name.
  3FQFBU 2VFTUJPO   CVU JG UIF GJMF sam.txt exists already, write the new
data after the old contents of the file.
  3FQFBU2VFTUJPO CVUSFBEUIFOBNFPGUIFGJMFGSPNUIFVTFS
7. What kind of exception might be thrown by the following statement, and
what would be indicated if this exception were thrown?
PrintWriter outputStream = new PrintWriter("out.txt");
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Reading from a Text File
-JTUJOH  DPOUBJOT B TJNQMF QSPHSBN UIBU SFBET EBUB GSPN B UFYU GJMF BOE
writes it to the screen. The file out.txt JT B UFYU GJMF UIBU DPVME IBWF CFFO
DSFBUFECZFJUIFSBQFSTPOVTJOHBUFYUFEJUPSPSB+BWBQSPHSBNTVDIBTUIF
one in Listing 10.1—using the class PrintWriter. Notice that we use the class
LISTING 10.2 Reading Data from a Text File
import java.util.Scanner;
import java.io.File;
import java.io.FileNotFoundException;
public class TextFileInputDemo
{
public static void main(String[] args)
{
String fileName = "out.txt";
Scanner inputStream = null;
System.out.println("The file " + fileName +
"\ncontains the following lines:\n");
try
{
inputStream = new Scanner(new File(fileName));
}
catch(FileNotFoundException e)
{
System.out.println("Error opening the file " +
fileName);
System.exit(0);
}
while (inputStream.hasNextLine())
{
String line = inputStream.nextLine();
System.out.println(line);
}
inputStream.close();
}
}

Screen Output
The file out.txt
contains the following lines;
1 A tall tree
2 in a short forest is like
3 a big fish in a small pond.

10.2 Text-File I/O
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Scanner UIFTBNFDMBTTXFIBWFCFFOVTJOHUPSFBEEBUBGSPNUIFLFZCPBSE
3FDBMMUIBUXFQBTTFESystem.in as an argument to Scanner's constructor.
Unfortunately, we cannot pass a file name to Scanner's constructor.
Although Scanner EPFT IBWF B DPOTUSVDUPS UIBU UBLFT B TUSJOH BSHVNFOU  UIF
string is interpreted as data, and not the name of a file. Scanner  IPXFWFS 
EPFT IBWF B DPOTUSVDUPS UIBU BDDFQUT BT BO BSHVNFOU BO JOTUBODF PG BOPUIFS
standard class, File, and File has a constructor to which we can pass a file
name. (The next section will describe the class File in more detail.) So a
TUBUFNFOUPGUIFGPMMPXJOHGPSNXJMMPQFOUIFGJMFGPSJOQVU
Scanner Stream_Name = new Scanner(new File(File_Name));

If your program attempts to open a file for reading, but there is no such Using Scanner to
file, Scanner's constructor will throw a FileNotFoundException. As you saw open a text file
earlier in this chapter, a FileNotFoundException is also thrown in certain for input
other situations.
/PUJDFUIBUUIFQSPHSBNJO-JTUJOHIBTTPNFHFOFSBMTJNJMBSJUJFTUP
UIFQSPHSBNJO-JTUJOHUIBUDSFBUFEBUFYUGJMF&BDIPQFOTUIFGJMFVTJOH
try-catch blocks, does something with the file, and then closes the file. Let’s
MPPLBUUIFTUBUFNFOUTJO-JTUJOHUIBUSFBEBOEEJTQMBZUIFFOUJSFGJMF
Reading and
EJTQMBZJOHBO
entire text file

while (inputStream.hasNextLine())
{
String line = inputStream.nextLine();
System.out.println(line);
}

This loop reads and then displays each line in the file, one at a time, until the
FOEPGUIFGJMFJTSFBDIFE5IFTDSFFOPVUQVUTIPXOJO-JTUJOH BTTVNFT
that the file out.txt is the one we created in Listing 10.1.
All the methods of ScannerUIBUXFIBWFVTFECFGPSFBSFTUJMMBWBJMBCMFUP
us and work in the same way. Some of these methods, including nextLine, are
EFTDSJCFEJO'JHVSFPG$IBQUFS)PXFWFS XFIBWFOPUVTFEUIFNFUIPE
hasNextLine CFGPSF *U SFUVSOT USVF JG BOPUIFS MJOF JO UIF GJMF JT BWBJMBCMF GPS
input. Figure 10.3 summarizes this method and a few other analogous methods.

RECAP Reading a Text File
SYNTAX
// Open the file
Scanner Input_Stream_Name = null;
try
{
Input_Stream_Name = new Scanner(new File(File_Name));
}

(continued)
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VideoNote
Writing and reading a
text file

catch(FileNotFoundException e)
{
Statements_Dealing_With_The_Exception
}
// Read the file using statements of the form:
Input_Stream_Name.Scanner_Method();
// Close the file
Input_Stream_Name.close();

EXAMPLE
See Listing 10.2

S E L F -TE S T QU ESTI ONS
8. Write some code that will create a stream named textStream that is an
object of the class PrintWriter and that connects the stream to a text file
named dobedo so that your program can send output to this file.
9. Suppose you run a program that writes to the text file dobedo, using the
TUSFBN EFGJOFE JO UIF QSFWJPVT TFMGUFTU RVFTUJPO 8SJUF TPNF DPEF UIBU
will create a stream named inputStream that can be used to read from
this text file in the ways we discussed in this section.
 8IBU JT UIF UZQF PG B WBMVF SFUVSOFE CZ UIF NFUIPE next in the class
Scanner 8IBUJTUIFUZQFPGBWBMVFSFUVSOFECZUIFNFUIPEnextLine in
the class Scanner?
FIGURE 10.3 Additional Methods in the Class Scanner
(See also Figure 2.7)
Scanner_Object_Name.hasNext()

Returns true if more input data is available to be read by the
method next.

Scanner_Object_Name.hasNextDouble()

Returns true if more input data is available to be read by the
method nextDouble.
Scanner_Object_Name.hasNextInt()

Returns true if more input data is available to be read by the
method nextInt.
Scanner_Object_Name.hasNextLine()

Returns true if more input data is available to be read by the
method nextLine.
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10.3 TECHNIQUES FOR ANY FILE
An ounce of prevention is worth a pound of cure.
—COMMON SAYING

This section discusses some techniques that we can use with both text files and
CJOBSZGJMFT FWFOUIPVHIPVSFYBNQMFTIFSFXJMMJOWPMWFUFYUGJMFT8FCFHJO
by describing the standard class File XIJDIXFVTFEJOUIFQSFWJPVTTFDUJPO
when reading from a text file.

The Class File
The class File QSPWJEFT B XBZ UP SFQSFTFOU GJMF OBNFT JO B HFOFSBM XBZ "
string such as "treasure.txt" might be a file name, but it has only string
QSPQFSUJFT BOE+BWBEPFTOPUSFDPHOJ[FJUBTBGJMFOBNF0OUIFPUIFSIBOE JG
you pass a file name as a string to the constructor of the class File, it produces
an object that can be thought of as the name of a file. In other words, it is a
system-independent abstraction rather than an actual file. For example, the
object
new File("treasure.txt")

is not simply a string. It is an object that "knows" it is supposed to name a file.
"MUIPVHI TPNF TUSFBN DMBTTFT IBWF DPOTUSVDUPST UIBU BDDFQU B TUSJOH BT
UIFOBNFPGBGJMF TPNFEPOPU4PNFTUSFBNDMBTTFTIBWFDPOTUSVDUPSTUIBU
accept only a File PCKFDU BT BO BSHVNFOU 8F BMSFBEZ TBX JO UIF QSFWJPVT A File object
section that when reading a text file, we cannot pass the file’s name as a string represents the
to Scanner's constructor. Instead, we passed it an object of the class File. The name of a file
class PrintWriter, which we used to write a text file, has a constructor that
accepts a string as the name of a file, as well as a constructor that accepts an
instance of File to specify a particular file.
Before we go on to describe some of File's methods, let’s look at an
example that reads the name of a file from the user. Although our example
uses a text file, we can do something similar with binary files.

PROGRAMMING EXAMPLE

Reading a File Name from the
Keyboard

5IVTGBS XFIBWFBTTJHOFEBRVPUFETUSJOHUPBStringWBSJBCMFBOEVTFEJUBT
UIFGJMFOBNFJOPVSQSPHSBNT)PXFWFS ZPVNJHIUOPULOPXXIBUUIFGJMF
OBNFXJMMCFXIFOZPVXSJUFBQSPHSBN TPZPVNBZXBOUUPIBWFUIFVTFS
enter the file name at the keyboard when the program is run. This task is easy
UPEP4JNQMZIBWFUIFQSPHSBNSFBEUIFGJMFOBNFJOUPUIF StringWBSJBCMF
This technique is illustrated in Listing 10.3. That program is just like the one
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Let the user enter
the file name at
UIFLFZCPBSE

JO -JTUJOH   CVU JU SFQMBDFT UIF BTTJHONFOU UP filename with statements
that read the file name from the keyboard.
LISTING 10.3 Reading a File Name and Then the File
import java.util.Scanner;
import java.io.File;
import java.io.FileNotFoundException;
public class TextFileInputDemo2
{
public static void main(String[] args)
{
System.out.print("Enter file name: ");
Scanner keyboard = new Scanner(System.in);
String fileName = keyboard.next();
Scanner inputStream = null;
System.out.println("The file " + fileName + "\n" +
"contains the following lines:\n");
try
{
inputStream = new Scanner(new File(fileName));
}
catch(FileNotFoundException e)
{
System.out.println("Error opening the file " +
fileName");
System.exit(0).
}
while (inputStream.hasNextLine())
{
String line = inputStream.nextLine();
System.out.println(line);
}
inputStream.close();
}
}

Sample Screen Output
Enter file name: out.txt
The file out.txt
contains the following lines:
1 A tall tree
2 in a short forest is like
3 a big fish in a small pond.
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Notice that our new program reads input from two different places. The
Scanner object named keyboard is used to read the name of the file from
the keyboard. The Scanner object named inputStream is connected to the

specified file and is used to read data from that file.

Using Path Names
When writing a file name as an argument to a constructor for opening a file
JOBOZPGUIFXBZTXFIBWFEJTDVTTFE UIFGJMFJTBTTVNFEUPCFJOUIFTBNF
EJSFDUPSZ GPMEFS BTUIFPOFJOXIJDIUIFQSPHSBNJTSVO)PXFWFS XFDPVME
specify the directory that contains the file, if it is different than the location
of the program, by writing a path name instead of only the name of the file.
A full path name,BTUIFOBNFTVHHFTUT HJWFTBDPNQMFUFQBUIOBNF TUBSUJOH
from the root directory. A relative path name HJWFT UIF QBUI UP UIF GJMF 
starting with the directory containing your program. The way you specify path
names depends on your particular operating system, and we will discuss only
some of the details here.
An example of a typical UNIX path name is
/user/smith/homework1/data.txt

To create an input stream connected to this file, we would write
Scanner inputStream = new Scanner(new
File("/user/smith/homework1/data.txt"));

Windows uses \ instead of / in path names. A typical Windows path name is
C:\homework\hw1\data.txt

To create an input stream connected to this file, we would write
Scanner inputStream = new Scanner(
new File("C:\\homework\\hw1\\data.txt"));

Notice that we must use \\ in place of \  BT +BWB XJMM PUIFSXJTF JOUFSQSFU
a backslash paired with another character—for example, \h—as an escape
character.
Although we normally must be careful about using a backslash in a
quoted string, this problem does not occur when reading a name from the
keyboard. Suppose we run a program like the one in Listing 10.3, and suppose
QBSUPGUIFEJBMPHVFXJUIUIFVTFSJTBTGPMMPXT
Enter file name:
C:\homework\hw1\data.txt

This path name will be understood. The user need not type double backslashes,
as in
C:\\homework\\hw1\\data.txt

A path name
specifies the
folder containing
a file
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In fact, the use of \\ in input might produce an incorrect reading of the file
OBNF 8IFO UIF VTFS FOUFST JOQVU BU UIF LFZCPBSE  +BWB iVOEFSTUBOETw UIBU
\h is the backslash character followed by an h and not an escape character,
CFDBVTFFWFSZUIJOHUIFVTFSUZQFTDPOTJTUTPGDIBSBDUFST
0OFXBZUPBWPJEUIFTFFTDBQFDIBSBDUFSQSPCMFNTBMUPHFUIFSJTBMXBZTUP
VTF6/*9DPOWFOUJPOTXIFOXSJUJOHQBUIOBNFT"+BWBQSPHSBNXJMMBDDFQU
BQBUIOBNFXSJUUFOJOFJUIFS8JOEPXTPS6/*9GPSNBU FWFOJGJUJTSVOPOB
computer whose operating system does not match the format used. Thus, an
BMUFSOBUJWFXBZUPDSFBUFBOJOQVUTUSFBNDPOOFDUFEUPUIF8JOEPXTGJMF
C:\homework\hw1\data.txt

JTUIFGPMMPXJOH
Scanner inputStream = new Scanner( new
File("C:/homework/hw1/data.txt"));

Methods of the Class File
You can use methods of the class File to check properties of files. You can
check things like whether an existing file either has a specified name or is
readable.
Suppose you create a File object and name it fileObject using the
GPMMPXJOHDPEF
File fileObject = new File("treasure.txt");

A File object can
DIFDLXIFUIFS
BGJMFCZUIBU
name exists or is
readable

3FDBMM UIBU B File PCKFDU JT OPU B GJMF 3BUIFS  fileObject is a systemindependent abstraction of a file’s path name—treasure.txt, in this case.
After creating fileObject, you can then use the File method exists to
test whether any existing file has the name treasure.txt. For example, you
can write
if (!fileObject.exists())
System.out.println("No file by that name.")

If there already is such a file, you can use the method canRead to see whether
the operating system will let you read from the file. For example, you can write
if (!fileObject.canRead())
System.out.println("Not allowed to read from that file.");
Files can be
tagged as
readable or not
readable

.PTU PQFSBUJOH TZTUFNT MFU ZPV EFTJHOBUF TPNF GJMFT BT OPU SFBEBCMF PS BT
readable only by certain users. The method canReadQSPWJEFTBHPPEXBZUP
check whether you or somebody else has made a file nonreadable—either
JOBEWFSUFOUMZPSJOUFOUJPOBMMZ
We could add the following statements to the program shown in Listing
 UP DIFDL UIBU XF IBWF B UFYU GJMF SFBEZ BT JOQVU  SJHIU BGUFS XF SFBE UIF
GJMFTOBNF
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File fileObject = new File(fileName);
boolean fileOK = false;
while (!fileOK)
{
if (!fileObject.exists( ))
System.out.println("No such file");
elseif (!fileObject.canRead( ))
System.out.println("That file is not readable.");
else
fileOK = true;
if (!fileOK)
{
System.out.println("Enter file name again:");
fileName = keyboard.next( );
fileObject = new File(fileName);
}
}

8FIBWFNBEFUIJTDIBOHFUPUIFQSPHSBNJO-JTUJOHBOETBWFEJUJO Extra code on the
the file FileClassDemo.java, which is included in the source code for this Web
book on its Web site.
The method canWrite is similar to canRead, except that the former checks
UPTFFXIFUIFSUIFPQFSBUJOHTZTUFNXJMMBMMPXZPVUPXSJUFUPUIFGJMF.PTU
operating systems let you designate some files as not writable or as writable
POMZCZDFSUBJOVTFST'JHVSFMJTUTUIFTFNFUIPETBOETPNFPUIFSTUIBUBSF
in the class File.
RECAP The Class File
5IFDMBTTFileSFQSFTFOUTGJMFOBNFT5IFDPOTUSVDUPSGPSUIFDMBTTFile
UBLFTBTUSJOHBTBOBSHVNFOUBOEQSPEVDFTBOPCKFDUUIBUDBOCF
UIPVHIUPGBTUIFGJMFXJUIUIBUOBNF:PVDBOVTFUIFFile object and
methods of the class FileUPBOTXFSRVFTUJPOTTVDIBTUIFGPMMPXJOH
%PFTUIFGJMFFYJTU %PFTZPVSQSPHSBNIBWFQFSNJTTJPOUPSFBEUIFGJMF 
%PFTZPVSQSPHSBNIBWFQFSNJTTJPOUPXSJUFUPUIFGJMF 'JHVSF
summarizes some of the methods for the class File.
EXAMPLE
File file Object = new File("stuff.txt");
if (!fileObject.exists())
System.out.println("There is no file named "+
"stuff.txt.");
else if (!fileObject.canRead())
System.out.println("File stuff.txt is "+
"not readable.");

746

CHAPTER 10 / Streams and File I/O

FIGURE 10.4 Some Methods in the Class File
public boolean canRead()
public boolean canWrite()
public boolean delete()
public boolean exists()

the File object was created.
public String getName()

name.)
public String getPath()
public long length()

FAQ

What is the difference between a file and a File object?

"GJMFJTBDPMMFDUJPOPGEBUBTUPSFEPOBQIZTJDBMEFWJDFTVDIBTBEJTD
A FilePCKFDUJTBTZTUFNJOEFQFOEFOUBCTUSBDUJPOPGBGJMFhTQBUIOBNF

S E L F -TE S T QU ESTI ON
 8SJUF B DPNQMFUF +BWB QSPHSBN UIBU BTLT UIF VTFS GPS B GJMF OBNF  UFTUT
whether the file exists, and—if the file does exist—asks the user whether
or not it should be deleted and then does as the user requests.

Defining a Method to Open a Stream
Imagine that we want to write a method that opens a file. We will use a text
file here and open it for output, but the idea is applicable to any kind of file.
Our method has a String parameter that represents the file name, which
could be either a literal or a string read from the user, as shown earlier. The
following method creates an output stream, connects it to the named text file,
BOESFUVSOTUIFTUSFBN
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public static PrintWriter openOutputTextFile
(String fileName) throws FileNotFoundException
{
PrintWriter toFile = new PrintWriter(fileName);
return toFile;
}

8FDPVMEJOWPLFUIJTNFUIPEBTGPMMPXT
PrintWriter outputStream = null;
try
{
outputStream = openOutputTextFile("data.txt");
}
<appropriate catch block(s)>

and go on to use outputStream to write to the file. A simple program
demonstrating this technique is in the file OpenFileDemo.java included with
UIFTPVSDFDPEFGPSUIJTCPPLBWBJMBCMFPOUIF8FC
What if we had written the method as a void method so that instead of
returning an output stream, it had the stream as a parameter? The following
NFUIPEMPPLTSFBTPOBCMF CVUJUIBTBQSPCMFN
// This method does not do what we want it to do.
public static void openFile(String fileName,
PrintWriter stream) throws FileNotFoundException
{
stream = new PrintWriter(fileName);
}

-FUTDPOTJEFS GPSFYBNQMF UIFGPMMPXJOHTUBUFNFOUTUIBUJOWPLFUIFNFUIPE
PrintWriter toFile = null;
try
{
openFile("data.txt", toFile);
}

"GUFSUIJTDPEFJTFYFDVUFE UIFWBMVFPGtoFile is still null. The file that was opened
in the method openFile went away when the method ended. The problem has to
EPXJUIIPX+BWBIBOEMFTBSHVNFOUTPGBDMBTTUZQF5IFTFBSHVNFOUTBSFQBTTFE
to the method as memory addresses that cannot be changed. The state of the
object at the memory address normally can be changed, but the memory address
JUTFMGDBOOPUCFDIBOHFE5IVT ZPVDBOOPUDIBOHFUIFWBMVFPGtoFile.
5IJTBQQMJFTPOMZUPBSHVNFOUTPGNFUIPET*GUIFTUSFBNWBSJBCMFJTFJUIFS
BOJOTUBODFWBSJBCMFPSEFDMBSFEMPDBMMZXJUIJOUIFCPEZPGUIFNFUIPE ZPV
can open a file and connect it to the stream and this problem will not occur.
0ODFBTUSFBNJTDPOOFDUFEUPBGJMF ZPVDBOQBTTUIFTUSFBNWBSJBCMFBTBO
argument to a method, and the method can change the file.

Extra code on the
Web
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CASE STUDY Processing a Comma-Separated Values File
A comma-separated values or CSV file is a simple text format used to store
a list of records. A comma is used as a delimiter to separate the fields (also
referred to as columns) for each record. This format is commonly used to
transfer data between a spreadsheet, database, or custom application program.
"TBOFYBNQMF DPOTJEFSBDBTISFHJTUFSUIBUTBWFTBMPHPGUIFEBZTTBMFTJOB
CSV file named Transactions.txt5IFUFYUGJMFDPOUBJOTUIFGPMMPXJOHEBUB
SKU,Quantity,Price,Description
4039,50,0.99,SODA
9100,5,9.50,T-SHIRT
1949,30,110.00,JAVA PROGRAMMING TEXTBOOK
5199,25,1.50,COOKIE

The first line of the file is a header that identifies the fields. The first
GJFMEJTUIF4,6 PSTUPDLLFFQJOHVOJU5IJTJTBVOJRVFJEFOUJGJFSBTTPDJBUFE
XJUIFWFSZQSPEVDUTPME5IFTFDPOEGJFMEJTUIFRVBOUJUZPGUIF4,6TPMEJO
the transaction. The third field is the price of one unit, and the last field is a
description of the item sold. For example, the second line of the file indicates
UIBUTPEBTXFSFTPMEBUBQSJDFPGFBDIBOEUIF4,6GPSUIFTPEBJT

There are many ways we might process the data, but in this case study we
QSFTFOUBTJNQMFTUSBUFHZUPSFBEFWFSZGJFMEJOUIFGJMF PVUQVUFBDIUSBOTBDUJPO
JOBNPSF&OHMJTIMJLFGPSNBU BOEDPNQVUFUIFUPUBMTBMFTGPSUIFDBTISFHJTUFS
5IFHFOFSBMBMHPSJUINJTBTGPMMPXT
 3FBEBOETLJQUIFIFBEFSMJOFPGUIFGJMF
 3FQFBUXIJMFXFIBWFOPUSFBDIFEUIFFOEPGUIFGJMF
B 3FBEBOFOUJSFMJOF POFSFDPSE GSPNUIFGJMFBTB4USJOH
b. Create an array of strings from the line where array[0]JTUIFWBMVFPG
the first field, array[1]JTUIFWBMVFPGUIFTFDPOEGJFME FUD
D $POWFSUBOZOVNFSJDGJFMETGSPNUIFBSSBZPGTUSJOHTUPUIFBQQSPQSJBUF
numeric data type
E 1SPDFTTUIFGJFMET
4UFQCPGUIFBMHPSJUINNJHIUTFFNUPCFEJGGJDVMU"UUIJTTUFQXFIBWF
KVTUSFBEBMJOFGSPNUIFGJMF'PSUIFGJSTUMJOFPGPVSFYBNQMFXFXJMMIBWFSFBE
"4039,50,0.99,SODA"JOUPBWBSJBCMFPGUZQF String. Since a comma is used
UPTFQBSBUFFWFSZGJFME XFDPVMETFBSDIUIFTUSJOHGPSUIFGJSTUDPNNB FYUSBDU
the substring from the beginning of the string to the comma to extract the first
GJFME  BOE SFQFBU UIJT QSPDFTT GPS FWFSZ TVDDFTTJWF GJFME )PXFWFS  UIF split
method associated with the String class does all this for us and is defined as
GPMMPXT
public String[] split(String delimiter)
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The method splits the string around matches of delimiter and returns
an array of the strings separated by delimiter. The delimiter parameter is
interpreted as a regular expression, which is a flexible way to match patterns.
For our purposes we will simply use this as a string that contains our delimiter
character of a comma. The following example illustrates the split method.
String line = "4039,50,0.99,SODA"
String[] ary = line.split(",");
System.out.println(ary[0]);
System.out.println(ary[1]);
System.out.println(ary[2]);
System.out.println(ary[3]);

//
//
//
//

Outputs
Outputs
Outputs
Outputs

4039
50
0.99
SODA

-JTUJOH  BQQMJFT UIF UFDIOJRVF UP UIF TBMFT USBOTBDUJPO TDFOBSJP "MM
that remains is to read the file, parse the quantity into an integer, parse the
price into a double, and add the business logic to compute total sales by
accumulating the product of the quantity sold multiplied by the price of the
item. In the program, we used System.out.printf to format the price and
totals with two decimal places.

LISTING 10.4 Processing a Comma-Separated Values File
Containing Sales Transactions (part 1 of 2)
import
import
import
import
import
public
{
public
{

java.io.FileInputStream;
java.io.FileNotFoundException;
java.io.IOException;
java.io.File;
java.util.Scanner;
class TransactionReader
static void main(String[] args)
String fileName = "Transactions.txt";
try
{
Scanner inputStream = new Scanner(new File(fileName));
// Skip the header line by reading and ignoring it
String line = inputStream.nextLine();
// Total sales
double total = 0;
// Read the rest of the file line by line
while (inputStream.hasNextLine())
{
// Contains SKU,Quantity,Price,Description
line = inputStream.nextLine();

(continued)
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LISTING 10.4 Processing a Comma-Separated Values File
Containing Sales Transactions (part 2 of 2)
// Turn the string into an array of strings
String[] ary = line.split(“,”);
// Extract each item into an appropriate
// variable
String SKU = ary[0];
int quantity = Integer.parseInt(ary[1]);
double price = Double.parseDouble(ary[2]);
String description = ary[3];
// Output item
System.out.printf("Sold %d of %s (SKU: %s) at "+
"$%1.2f each.\n",
quantity, description, SKU, price);
// Compute total
total += quantity * price;
}
System.out.printf("Total sales: $%1.2f\n",total);
inputStream.close( );
}
catch(FileNotFoundException e)
{
System.out.println("Cannot find file " + fileName);
}
catch(IOException e)
{
System.out.println("Problem with input from file " +
fileName);
}
}
}

Sample Screen Output
Sold 50 of SODA (SKU: 4039) at $0.99 each.
Sold 5 of T-SHIRT (SKU: 9100) at $9.50 each.
Sold 30 of JAVA PROGRAMMING TEXTBOOK (SKU: 1949) at
$110.00 each.
Sold 25 of COOKIE (SKU: 5199) at $1.50 each.
Total sales: $3434.50

10.4 Basic Binary-File I/O

751

10.4 BASIC BINARY-FILE I/O
The White Rabbit put on his spectacles. "Where shall I begin, please your
Majesty" he asked.
"Begin at the beginning," the King said, very gravely, "And go on till you
come to the end: then stop."
—LEWIS CARROLL, ALICE IN WONDERLAND

We will use the stream classes ObjectInputStream and ObjectOutputStream
UPSFBEBOEXSJUFCJOBSZGJMFT&BDIPGUIFTFDMBTTFTIBTNFUIPETUPSFBEPSXSJUF
EBUBPOFCZUFBUBUJNF5IFTFTUSFBNTDBOBMTPDPOWFSUOVNCFSTBOEDIBSBDUFSTUP
bytes that can be stored in a binary file. They allow your program to be written as
if the data placed in the file, or read from the file, were made up not just of bytes
CVUPGFJUIFSJUFNTPGBOZPG+BWBTQSJNJUJWFEBUBUZQFTTVDIBT int, char, and
doublePSTUSJOHTPSFWFOPCKFDUTPGDMBTTFTZPVEFGJOF BTXFMMBTFOUJSFBSSBZT*G
ZPVEPOPUOFFEUPBDDFTTZPVSGJMFTWJBBUFYUFEJUPS UIFFBTJFTUBOENPTUFGGJDJFOU
way to read data from and write data to files is to use ObjectOutputStream to
write to a binary file and ObjectInputStream to read from the binary file.
8FCFHJOCZDSFBUJOHBCJOBSZGJMF BOEUIFOEJTDVTTIPXUPXSJUFQSJNJUJWF
UZQFEBUBBOETUSJOHTUPUIFGJMF-BUFS XFXJMMJOWFTUJHBUFVTJOHPUIFSPCKFDUT
and arrays as data for input and output.

Creating a Binary File
*GZPVXBOUUPDSFBUFBCJOBSZGJMFUPTUPSFWBMVFTPGBQSJNJUJWFUZQF TUSJOHT PS
other objects, you can use the stream class ObjectOutputStream. Listing 10.5
shows a program that writes integers to a binary file. Let’s look at the details
shown in that program.
Note that the substance of the program is in a try block. Any code that
does binary-file I/O in the ways we are describing can throw an IOException.
Your programs can catch any IOException that is thrown, so that you get an
error message and the program ends normally.
We can create an output stream for the binary file numbers.datBTGPMMPXT
ObjectOutputStream outputStream =
new ObjectOutputStream(new FileOutputStream
("numbers.dat"));

As with text files, this process is called opening the (binary) file. If the file 0QFOJOHBCJOBSZ
numbers.dat does not already exist, this statement will create an empty file file for output
named numbers.dat. If the file numbers.dat already exists, this statement will
erase the contents of the file, so that the file starts out empty. The situation is
basically the same as what happens when opening a text file, except that we're
using a different class here.
Note that the constructor for ObjectOutputStream cannot take a
string argument, but the constructor for FileOutputStream DBO .PSFPWFS 
ObjectOutputStream EPFT IBWF B DPOTUSVDUPS UIBU XJMM BDDFQU BO PCKFDU PG
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LISTING 10.5 Using ObjectOutputStream to Write to a File
(part 1 of 2)
import
import
import
import
import

java.io.FileOutputStream;
java.io.ObjectOutputStream;
java.io.FileNotFoundException;
java.io.IOException;
java.util.Scanner;

public class BinaryOutputDemo
{
public static void main(String[] args)
{
String fileName = "numbers.dat";
try
{
ObjectOutputStream outputStream =
new ObjectOutputStream(new
FileOutputStream(fileName));
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter nonnegative integers.");
System.out.println("Place a negative number at the "+
"end.");
int anInteger;
do
{
anInteger = keyboard.nextInt();
outputStream.writeInt(anInteger);
} while (anInteger >= 0);
System.out.println("Numbers and sentinel value");
System.out.println("written to the file " + fileName);
outputStream.close();

A binary file is closed in the same

}
way as a text file.
catch(FileNotFoundException e)
{
System.out.println("Problem opening the file " +
fileName);
}
catch(IOException e)
{
System.out.println("Problem with output to file " +
fileName);
}
}
}

(continued)
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LISTING 10.5 Using ObjectOutputStream to Write to a File
(part 2 of 2)
Sample Screen Output
Enter nonnegative integers.
Place a negative number at the end.
1 2 3 -1
Number and sentinel value
written to the file numbers.dat

This file is a binary file.You cannot

The binary file after the program is run: read this file using a text editor.
1

2

3

-1

The -1 in this file is a sentinel value.
Ending a file with a sentinel value is
not essential, as you will see later.

FileOutputStream as its argument. So in much the same way that we passed a
File object to the Scanner constructor when we read from a text file, we pass
a FileOutputStream object to the constructor of ObjectOutputStream. Note
that the ObjectOutputStream constructor can throw an IOException and the
FileOutputStream constructor can throw a FileNotFoundException.

Exceptions are
possible

Writing Primitive Values to a Binary File
An object of the class ObjectOutputStream EPFT OPU IBWF B NFUIPE OBNFE
println BTPCKFDUTEPXIFOXSJUJOHUPFJUIFSBUFYUGJMFPSUIFTDSFFO)PXFWFS JU
EPFTIBWFBNFUIPEOBNFEwriteInt that can write a single intWBMVFUPBCJOBSZ
GJMF BTXFMMBTPUIFSPVUQVUNFUIPETUIBUXFXJMMEJTDVTTTIPSUMZ4PPODFXFIBWF
the stream outputStream of the class ObjectOutputStream connected to a file, we
DBOXSJUFJOUFHFSTUPUIFGJMF BTJOUIFGPMMPXJOHTUBUFNFOUGSPN-JTUJOH
outputStream.writeInt(anInteger);

The method writeInt can throw an IOException.
Listing 10.5 shows the numbers in the file numbers.dat as if they were
written in a human-readable form. That is not how they are actually written,
IPXFWFS " CJOBSZ GJMF IBT OP MJOFT PS PUIFS TFQBSBUPST CFUXFFO EBUB JUFNT
Instead, items are written to the file in binary—each as a sequence of bytes—
POFJNNFEJBUFMZBGUFSUIFPUIFS5IFTFFODPEFEWBMVFTUZQJDBMMZDBOOPUCFSFBE
VTJOHBOFEJUPS3FBMJTUJDBMMZ UIFZXJMMNBLFTFOTFPOMZUPBOPUIFS+BWBQSPHSBN
You can use a stream from the class ObjectOutputStreamUPXSJUFWBMVFT
PG BOZ QSJNJUJWF UZQF &BDI QSJNJUJWF EBUB UZQF IBT B DPSSFTQPOEJOH XSJUF Writing values of
method in the class ObjectOutputStream, such as writeLong, writeDouble, BOZQSJNJUJWFUZQF
UPBCJOBSZGJMF
writeFloat, and writeChar.
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The method writeChar can be used to write a single character. For
example, the following would write the character 'A' to the file connected to
the stream named outputStream
outputStream.writeChar('A');

The method writeChar IBT POF QPTTJCMZ TVSQSJTJOH QSPQFSUZ *U FYQFDUT JUT
argument to be of type int4PJGZPVIBWFBOBSHVNFOUPGUZQFchar, the char
WBMVFXJMMCFUZQFDBTUUPBO intCFGPSFJUJTHJWFOUPUIFNFUIPE writeChar.
5IVT UIFQSFWJPVTJOWPDBUJPOJTFRVJWBMFOUUPUIFGPMMPXJOHPOF
outputStream.writeChar((int)'A');
//You can omit the type cast

After you finish writing to a binary file, you close it in the same way that
you close a text file. Here, the statement
outputStream.close();

closes the binary file.
Figure 10.5 summarizes some methods in the class ObjectOutputStream,
JODMVEJOHUIPTFUIBUXFIBWFOPUEJTDVTTFEBTZFU.BOZPGUIFTFNFUIPETDBO
throw an IOException.
RECAP Creating a Binary File
SYNTAX
try
{
// Open the file
ObjectOutputStream Output_Stream_Name =
new ObjectOutputStream(new FileOutputStream(File_Name));
// Write the file using statements of the form:
Output_Stream_Name.MethodName(Argument); // See Figure 10.5
// Close the file
Output_Stream_Name.close();
}
catch(FileNotFoundException e)
{
Statements_Dealing_With_The_Exception
}
catch(IOException e)
{
Statements_Dealing_With_The_Exception
}

EXAMPLE
See Listing 10.5.
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FIGURE 10.5 Some Methods in the Class ObjectOutputStream (part 1 of 2)
public ObjectOutputStream(OutputStream streamObject)

new ObjectOutputStream(new FileOutputStream(File_Name))

or, using an object of the class File,
new ObjectOutputStream(new FileOutputStream(
new File(File_Name)))

File_Name, the old
The constructor for FileOutputStream can throw a FileNotFoundException.
If it does not, the constructor for ObjectOutputStream can throw an IOException.
public void writeInt(int n) throws IOException
Writes the int value n to the output stream.
public void writeLong(long n) throws IOException
Writes the long value n to the output stream.
public void writeDouble(double x) throws IOException
Writes the double value x to the output stream.
public void writeFloat(float x) throws IOException
Writes the float value x to the output stream.
public void writeChar(int c) throws IOException
Writes a char value to the output stream. Note that the parameter type of c is int.

However, Java will automatically convert a char value to an int value for you. So the
following is an acceptable invocation of writeChar:
outputStream.writeChar('A');
public void writeBoolean(boolean b) throws IOException
Writes the boolean value b to the output stream.
public void writeUTF(String aString) throws IOException
Writes the string aString to the output stream. UTF refers to a particular method of

encoding the string. To read the string back from the file, you should use the method
readUTF of the class ObjectInputStream. These topics are discussed in the next
section.
(continued)
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FIGURE 10.5 Some Methods in the Class ObjectOutputStream (part 2 of 2)
public void writeObject(Object anObject) throws IOException,
NotSerializableException, InvalidClassException

Writes anObject to the output stream. The argument should be an object of a serializable class, a concept discussed later in this chapter. Throws a NotSerializableException if the class of anObject is not serializable. Throws an InvalidClassException if there is something wrong with the serialization. The method
writeObject is covered later in this chapter.
public void close() throws IOException

S E L F -TE S T QU ESTI ONS
 8SJUFTPNF+BWBDPEFUPDSFBUFBOPVUQVUTUSFBNPGUZQFObjectOutputStream
that is named to File and is connected to a binary file named stuff.
data.
 (JWF UISFF TUBUFNFOUT UIBU XJMM XSJUF UIF WBMVFT PG UIF UISFF double
WBSJBCMFTx1, x2, and x3 to the file stuff.data. Use the stream toFile that
ZPVDSFBUFEGPSUIFQSFWJPVTRVFTUJPO
 (JWFBTUBUFNFOUUIBUXJMMDMPTFUIFTUSFBNtoFileDSFBUFEGPSUIFQSFWJPVT
two questions.
15. What import statement(s) do you use when creating a binary file?

Writing Strings to a Binary File
Use writeUTF for
strings

To write a string to a binary file, we use the method writeUTF. For example,
if outputStream is a stream of type ObjectOutputStream, the following will
write the string "Hi Mom"UPUIFGJMFDPOOFDUFEUPUIBUTUSFBN
outputStream.writeUTF("Hi Mom");

0G DPVSTF  XJUI BOZ PG UIF XSJUF NFUIPET  ZPV DBO VTF B WBSJBCMF PG UIF
appropriate type (in this case, the type String) as an argument to the method,
instead of using a literal.
You may write output of different types to the same binary file. For
example, you may write a combination of int, double, and StringWBMVFT
)PXFWFS NJYJOHUZQFTJOBCJOBSZGJMFEPFTSFRVJSFTQFDJBMDBSF TPUIBUMBUFS
UIFWBMVFTJOUIFGJMFDBOCFSFBEDPSSFDUMZ*OQBSUJDVMBS XFOFFEUPLOPXUIF

10.4 Basic Binary-File I/O

PSEFSJOXIJDIUIFWBSJPVTUZQFTBQQFBSJOUIFGJMF CFDBVTF BTZPVXJMMTFF XF
use a different method to read data of each different type.

FAQ What does UTF stand for?
5PXSJUFBOint to a stream of the class ObjectOutputStream ZPV
use writeInt; to write a double ZPVVTFwriteDouble; and so forth.
)PXFWFS UPXSJUFBTUSJOH ZPVVTFwriteUTF5IFSFJTOPNFUIPEDBMMFE
writeString in ObjectOutputStream8IZUIJTGVOOZOBNFwriteUTF 
65'TUBOETGPS6OJDPEF5FYU'PSNBU5IBUJTOPUBWFSZEFTDSJQUJWFOBNF
)FSFJTUIFGVMMTUPSZ
Recall that Java uses the Unicode character set, which includes
NBOZDIBSBDUFSTVTFEJOMBOHVBHFTXIPTFDIBSBDUFSTFUTBSFWFSZ
EJGGFSFOUGSPNUIBUPG&OHMJTI.PTUUFYUFEJUPSTBOEPQFSBUJOHTZTUFNT
VTFUIF"4$**DIBSBDUFSTFU XIJDIJTUIFDIBSBDUFSTFUOPSNBMMZVTFEGPS
&OHMJTIBOEGPSUZQJDBM+BWBQSPHSBNT5IF"4$**DIBSBDUFSTFUJTBTVCTFU
PGUIF6OJDPEFDIBSBDUFSTFU TPUIF6OJDPEFDIBSBDUFSTFUIBTNBOZ
DIBSBDUFSTZPVEPOPUOFFE'PS&OHMJTITQFBLJOHDPVOUSJFT UIF6OJDPEF
XBZPGFODPEJOHDIBSBDUFSTJTOPUBWFSZFGGJDJFOUTDIFNF5IF65'
coding scheme is an alternative scheme that codes all of the Unicode
DIBSBDUFSTCVUGBWPSTUIF"4$**DIBSBDUFSTFU*UEPFTTPCZHJWJOHTIPSU 
efficient codes for ASCII characters but inefficient codes for the other
6OJDPEFDIBSBDUFST)PXFWFS JGZPVEPOPUVTFUIFPUIFS6OJDPEF
characters, this is a good deal.

Some Details About writeUTF
The method writeInt writes integers into a file, using the same number of
bytes—that is, the same number of 0s and 1s—to store any integer. Similarly,
the method writeLong VTFT UIF TBNF OVNCFS PG CZUFT UP TUPSF FBDI WBMVF
of type long )PXFWFS  UIFTF NFUIPET VTF EJGGFSFOU OVNCFST PG CZUFT 5IF
TJUVBUJPOJTUIFTBNFGPSBMMUIFPUIFSXSJUFNFUIPETUIBUXSJUFQSJNJUJWFUZQFT
to binary files. The method writeUTF  IPXFWFS  VTFT WBSZJOH OVNCFST PG
bytes to store different strings in a file. Longer strings require more bytes than
TIPSUFS TUSJOHT 5IJT DPOEJUJPO DBO QSFTFOU B QSPCMFN UP +BWB  CFDBVTF EBUB
JUFNT JO B CJOBSZ GJMF IBWF OP TFQBSBUPST CFUXFFO UIFN +BWB DBO NBLF UIJT
approach work by writing some extra information at the start of each string.
This extra information tells how many bytes are used to write the string,
so that readUTF LOPXT IPX NBOZ CZUFT UP SFBE BOE DPOWFSU 5IF NFUIPE
readUTF XJMM CF EJTDVTTFE B MJUUMF MBUFS JO UIJT DIBQUFS  CVU BT ZPV NBZ IBWF
already guessed, it reads a StringWBMVF
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The situation with writeUTFJTFWFOBMJUUMFNPSFDPNQMJDBUFEUIBOXFWF
KVTUEFTDSJCFE IPXFWFS/PUJDFUIBUXFTBJEUIBUUIFJOGPSNBUJPOBUUIFTUBSU
of the string code in the file tells how many bytes to read, not how many
characters are in the string. These two figures are not the same. With the UTF
way of encoding, different characters are encoded in different numbers of
CZUFT)PXFWFS BMMUIF"4$**DIBSBDUFSTBSFTUPSFEJOKVTUPOFCZUF*GZPVBSF
using only ASCII characters, therefore, this difference is more theoretical than
real to you.

Reading from a Binary File

0QFOJOHBCJOBSZ
file for input

Reading multiple
UZQFT

If you write to a binary file by using ObjectOutputStream, you can read
from that file by using the stream class ObjectInputStream. Figure 10.6
HJWFT TPNF PG UIF NPTU DPNNPOMZ VTFE NFUIPET GPS UIJT DMBTT *G ZPV
compare these methods with the methods for ObjectOutputStreamHJWFOJO
Figure 10.5, you will see that each output method has a corresponding input
method. For example, if you write an integer to a file by using the method
writeInt of ObjectOutputStream, you can read that integer from the file by
using the method readInt of ObjectInputStream. If you write a number to
a file by using the method writeDouble of ObjectOutputStream, you can
use the method readDouble of ObjectInputStream to read it from the file,
and so on.
You open a binary file for reading using ObjectInputStream in a
NBOOFSTJNJMBSUPXIBUZPVIBWFBMSFBEZTFFOGPS ObjectOutputStream. The
program in Listing 10.6 opens a binary file and connects it to a stream named
inputStreamBTGPMMPXT
ObjectInputStream inputStream =
new ObjectInputStream(new FileInputStream(fileName));

Note that this statement is like the analogous one in Listing 10.5, except that
here we use the classes ObjectInputStream and FileInputStream instead of
ObjectOutputStream and FileOutputStream  SFTQFDUJWFMZ 0ODF BHBJO  UIF
DMBTTUIBUEFGJOFTUIFNFUIPETXFOFFEEPFTOPUIBWFBDPOTUSVDUPSUIBUBDDFQUT
a string as an argument. In addition, the constructor for FileInputStream
can throw a FileNotFoundException, which is a kind of IOException. If the
FileInputStream constructor succeeds, the constructor for ObjectInputStream
can throw a different IOException.
ObjectInputStream allows you to read input of different types from the
same file. So you may read a combination of, for example, intWBMVFT double
WBMVFT BOE StringWBMVFT)PXFWFS JGUIFOFYUEBUBJUFNJOUIFGJMFJTOPUPG
the type expected by the reading method, the result is likely to be unpleasant.
For example, if your program writes an integer using writeInt, any program
that reads that integer should read it using readInt. If you instead use
readLong or readDouble  GPS FYBNQMF  ZPVS QSPHSBN XJMM NJTCFIBWF JO
unpredictable ways.

10.4 Basic Binary-File I/O

FIGURE 10.6 Some Methods in the Class ObjectInputStream (part 1 of 2)
ObjectInputStream(InputStream streamObject)

new ObjectInputStream(new FileInputStream(File_Name))

or, using an object of the class File,
new ObjectInputStream(new FileInputStream(
new File(File_Name)))

The constructor for FileInputStream can throw a FileNotFoundException.
If it does not, the constructor for ObjectInputStream can throw an IOException.
public int readInt() throws EOFException, IOException
Reads an int value from the input stream and returns that int value. If readInt tries
writeInt of the class
ObjectOutputStream (or was not written in some equivalent way), problems will
EOFException is thrown.
public long readLong() throws EOFException, IOException
Reads a long value from the input stream and returns that long value. If readLong
writeLong of the
class ObjectOutputStream (or was not written in some equivalent way), problems
EOFException is thrown.
Note that you cannot write an integer using writeLong and later read the same integer using readInt , or to write an integer using writeInt and later read it using
readLong. Doing so will cause unpredictable results.
public double readDouble() throws EOFException, IOException
Reads a double value from the input stream and returns that double value. If readDouble
writeDouble of the class ObjectOutputStream (or was not written in some equivalent
EOFException is thrown.
public float readFloat() throws EOFException, IOException
Reads a float value from the input stream and returns that float value. If readwriteFloat
Float of the class ObjectOutputStream (or was not written in some equivalent
EOFException is thrown.
writeDouble and later
read the same number using readFloat
writeFloat and later read it using readDouble . Doing so will cause unpredictable
results, as will other type mismatches, such as writing with writeInt and then reading
with readFloat or readDouble .
(continued)
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FIGURE 10.6 Some Methods in the Class ObjectInputStream (part 2 of 2)
public char readChar() throws EOFException, IOException
Reads a char value from the input stream and returns that char value. If readChar
writeChar of the
class ObjectOutputStream (or was not written in some equivalent way), problems
EOFException is thrown.
public boolean readBoolean() throws EOFException, IOException
Reads a boolean value from the input stream and returns that boolean value. If
readBoolean
writeBoolean of the class ObjectOutputStream (or was not written in some
EOFException is thrown.
publicString readUTF() throws IOException, UTFDataFormatException
Reads a String value from the input stream and returns that String value. If
readUTF
writeUTF of the class ObjectOutputStream (or was not written in some equivalent
way), problems will occur. One of the exceptions UTFDataFormatException or
IOException can be thrown.
Object readObject() throws ClassNotFoundException,
InvalidClassException, OptionalDataException, IOException
Reads an object from the input stream. Throws a ClassNotFoundException if the
class of a serialized object cannot be found. Throws an InvalidClassException if
something is wrong with the serializable class. Throws an OptionalDataException
if a primitive data item, instead of an object, was found in the stream. Throws an IOException if there is some other I/O problem. The method readObject is covered in

Section 10.5.
public void close() throws IOException

LISTING 10.6 Using ObjectInputStream to Read from a File (part 1 of 2)
Assumes the program
in Listing 10.4 was
already run.
import
import
import
import
import
import

java.io.FileInputStream;
java.io.ObjectInputStream;
java.io.EOFException;
java.io.FileNotFoundException;
java.io.IOException;
java.util.Scanner;

(continued)
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LISTING 10.6 Using ObjectInputStream to Read from a File (part 2 of 2)
public class BinaryInputDemo
{
public static void main(String[] args)
{
String fileName = "numbers.dat";
try
{
ObjectInputStream inputStream =
new ObjectInputStream(new FileInputStream(fileName));
System.out.println("Reading the nonnegative integers");
System.out.println("in the file " + fileName);
int anInteger = inputStream.(readInt);
while (anInteger >= 0)
{
System.out.ptintln(anInteger);
anInteger = inputStream.readInt();
}
System.out.println("End of reading from file.");
inputStream.close();
}
catch(FileNotFoundException e)
{
System.out.println("Problem opening the file " + fileName);
}
catch(EOFException e)
{
System.out.println("Problem reading the file " + fileName);
System.out.println("Reached end of the file.");
}
catch(IOException e)
{
System.out.println("Problem reading the file " + fileName);
}
}
}

Screen Output
Reading the nonnegative integers
in the file number.dat
1
2
3
End of reading from file.

Notice that the sentinel value
-1 is read from the file but is not
displayed on the screen.
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RECAP Reading from a Binary File
SYNTAX
try
{
// Open the file
ObjectInputStream Input_Stream_Name =
new ObjectInputStream(new FileInputStream
(File_Name));
// Read the file using statements of the form:
Input_Stream_Name.MethodName(Argument); // See Figure 10.6
// Close the file
Input_Stream_Name.close();
}
catch(FileNotFoundException e)
{
Statements_Dealing_With_The_Exception
}
catch(EOFException e)
{
Statements_Dealing_With_The_Exception
}
catch(IOException e)
{
Statements_Dealing_With_The_Exception
}

EXAMPLE
See Listing 10.6.

RECAP FileInputStream and FileOutputStream
*OUIJTCPPL XFVTFUIFDMBTTFTFileInputStream and
FileOutputStream for their constructors and nothing else. Each of these
UXPDMBTTFTIBTBDPOTUSVDUPSUIBUUBLFTBGJMFOBNFBTBOBSHVNFOU8F
use these constructors to produce arguments for the constructors for
stream classes, such as ObjectInputStream and ObjectOutputStream,
UIBUEPOPUUBLFBGJMFOBNFBTBOBSHVNFOU#FMPXBSFFYBNQMFTPG
using FileInputStream and FileOutputStream
(continued)
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ObjectInputStream fileInput = new ObjectInputStream(
new FileInputStream("rawstuff.dat"));
ObjectOutputStream fileOutput = new ObjectOutputStream(
new FileOutputStream("nicestuff.dat"));

8FVTFETJNJMBSTUBUFNFOUTJO-JTUJOHBOE-JTUJOH SFTQFDUJWFMZ
5IFDPOTUSVDUPSTGPSFileInputStream and FileOutputStream
can throw an exception in the class FileNotFoundException. A
FileNotFoundExceptionJTBLJOEPGIOException.

GOTCHA

Using ObjectInputStream to Read a Text File

Binary files and text files encode their data in different ways. Thus, a stream that
expects to read a binary file, such as a stream in the class ObjectInputStream,
XJMM IBWF QSPCMFNT SFBEJOH B UFYU GJMF *G ZPV BUUFNQU UP SFBE B UFYU GJMF
using a stream in the class ObjectInputStream, your program will either read
iHBSCBHF WBMVFTw PS FODPVOUFS TPNF PUIFS FSSPS DPOEJUJPO 4JNJMBSMZ  JG ZPV
attempt to use Scanner to read a binary file as if it were a text file, you will
also get into trouble.
■

S E L F-TE S T QU E S TIO N S
 8SJUFTPNF+BWBDPEFUPDSFBUFBOJOQVUTUSFBNPGUZQFObjectInputStream
that is named fromFile and is connected to a file named stuff.data.
 (JWFUISFFTUBUFNFOUTUIBUXJMMSFBEUISFFOVNCFSTPGUZQF double from
the file stuff.data. Use the stream fromFile that you created in the
QSFWJPVTRVFTUJPO%FDMBSFUISFFWBSJBCMFTUPIPMEUIFUISFFOVNCFST
 (JWFBTUBUFNFOUUIBUXJMMDMPTFUIFTUSFBN fromFile that you created for
UIFQSFWJPVTUXPRVFTUJPOT
19. Can you use writeInt to write a number to a file and then read that
number using readLong? Can you read that number using readDouble?
 $BOZPVVTFreadUTF to read a string from a text file?
 8SJUFBDPNQMFUF+BWBQSPHSBNUIBUBTLTUIFVTFSGPSUIFOBNFPGBCJOBSZ
file and writes the first data item in that file to the screen. Assume that
the first data item is a string that was written to the file with the method
writeUTF.
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The Class EOFException
An
EOFException
can end a loop

.BOZPGUIFNFUIPETUIBUSFBEGSPNBCJOBSZGJMFXJMMUISPXBOEOFException
when they try to read beyond the end of a file. As illustrated by the program
in Listing 10.7, the class EOFException can be used to test for the end of a
file when you are using ObjectInputStream. In that sample program, the
statements that read the file are placed within a while loop whose boolean
FYQSFTTJPOJTUSVF"MUIPVHIUIJTMPPQBQQFBSTUPCFiJOGJOJUF wJUEPFTDPNF
UPBOFOE8IFOUIFFOEPGUIFGJMFJTSFBDIFE BOFYDFQUJPOJTUISPXO FOEJOH
the entire try block and passing control to the catch block.
LISTING 10.7 Using EOFException (part 1 of 2)
Assumes the program in
Listing 10.4 was already
run.
import
import
import
import
import

java.io.FileInputStream;
java.io.ObjectInputStream;
java.io.EOFException;
java.io.FileNotFoundException;
java.io.IOException;

public class EOFExceptionDemo
{
public static void main(String[] args)
{
String fileName = "numbers.dat";
try
{
ObjectInputStream inputStream =
new ObjectInputStream(new
FileInputStream(fileName));
System.out.println("Reading ALL the integers");
System.out.printin("in the file " + fileName);
try
{
The loop ends when an
while (true)
exception is thrown.
{
int anInteger = inputStream.readInt();
System.out.println(anInteger);
}
}
catch(EOFException e)

(continued)
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LISTING 10.7 Using EOFException (part 2 of 2)
{
System.out.println("End of reading from file.");
}
inputStream.close();
}
catch(FileNotFoundException e)
{
System.out.println("Cannot find file " + fileName);
}
catch(IOException e)
{
System.out.println("Problem with input from file " +
fileName);
}
}
}

Screen Output
Reading ALL the integers
in the file numbers.dat
1
2
3
-1

When you use EOFException to
end reading, you can read files that
contain any kind of integers, including the -1 here, which is treated
just like any other integer.

End of reading from file.

*U JT JOTUSVDUJWF UP DPNQBSF UIF QSPHSBN JO -JTUJOH  XJUI UIF TJNJMBS
program in Listing 10.6. The one in Listing 10.6 checks for the end of a file by
UFTUJOHGPSBOFHBUJWFOVNCFS5IJTBQQSPBDIJTGJOF CVUJUNFBOTUIBUZPVDBOOPU
TUPSFOFHBUJWFOVNCFSTJOUIFGJMF FYDFQUBTBTFOUJOFMWBMVF0OUIFPUIFSIBOE 
the program in Listing 10.7 uses EOFException to test for the end of a file. Thus, it
DBOIBOEMFGJMFTUIBUTUPSFBOZLJOEPGJOUFHFST JODMVEJOHOFHBUJWFJOUFHFST
RECAP The EOFException Class
8IFOSFBEJOHQSJNJUJWFEBUBGSPNBCJOBSZGJMFVTJOHUIFNFUIPET
listed in Figure 10.6 for the class ObjectInputStream JGZPVSQSPHSBN
BUUFNQUTUPSFBECFZPOEUIFFOEPGUIFGJMF BOEOFException is thrown.
5IJTFYDFQUJPODBOCFVTFEUPFOEBMPPQUIBUSFBETBMMUIFEBUBJOBGJMF
5IFDMBTTEOFException is derived from the class IOException4PFWFSZ
FYDFQUJPOPGUZQFEOFExceptionJTBMTPPGUZQFIOException.
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■ PROGRAMMING TIP

Always Check for the End of a File

/PUIJOHHPPEIBQQFOTJGZPVSQSPHSBNSFBETCFZPOEUIFFOEPGBGJMF&YBDUMZ
XIBU PDDVST XJMM EFQFOE PO UIF EFUBJMT PG ZPVS QSPHSBN *U NJHIU FOUFS BO
infinite loop or end abnormally. Always be sure that your program checks for
the end of a file and does something appropriate when it reaches that point.
&WFO JG ZPV UIJOL ZPVS QSPHSBN XJMM OPU SFBE QBTU UIF FOE PG UIF GJMF  ZPV
TIPVMEQSPWJEFGPSUIJTFWFOUVBMJUZ KVTUJODBTFUIJOHTEPOPUHPFYBDUMZBTZPV
planned.
■

GOTCHA

Checking for the End of a File in the Wrong Way

%JGGFSFOUGJMFSFBEJOHNFUIPETVTVBMMZJOEJGGFSFOUDMBTTFTDIFDLGPSUIFFOE
of a file in different ways. Some throw an exception of the class EOFException
XIFOUIFZUSZUPSFBECFZPOEUIFFOEPGBGJMF0UIFSTSFUVSOBTQFDJBMWBMVF 
such as null. When reading from a file, you must be careful to test for the end
of a file in the correct way for the method you are using. If you test for the
FOEPGBGJMFJOUIFXSPOHXBZ POFPGUXPUIJOHTXJMMQSPCBCMZIBQQFO&JUIFS
your program will go into an unintended infinite loop or it will terminate
abnormally.
Not all methods in all classes will throw an EOFException when they try
to read beyond the end of a file. For the classes discussed in this book, the rule
JTBTGPMMPXT*GZPVSQSPHSBNJTSFBEJOHQSJNJUJWFEBUBGSPNBCJOBSZGJMF JU
will throw an EOFException*G IPXFWFS ZPVSQSPHSBNJTSFBEJOHGSPNBUFYU
GJMF JUXJMMSFUVSOTPNFTQFDJBMWBMVF TVDIBT null, at the end of the file, and
no EOFException will be thrown.
■

RECAP Detecting the End of Data in a Binary File
:PVDBOSFBEBMMPGUIFEBUBJOBCJOBSZGJMFJOPOFPGUXPXBZT
■ By detecting a sentinel value written at the end of the file
■

By catching an EOFException

PROGRAMMING EXAMPLE

Processing a File of Binary
Data

Listing 10.8 contains a program that does some simple processing of data. It
asks the user for two file names, reads the numbers in the input file, doubles
them, and writes the resulting numbers to the output file. This programming
UBTLJTOPUWFSZDPNQMJDBUFE CVUJUEPFTFNQMPZNBOZTUBOEBSEQSPHSBNNJOH

10.4 Basic Binary-File I/O

LISTING 10.8 Processing a File of Binary Data (part 1 of 3)
import
import
import
import
import
import
import
import

java.io.FileInputStream;
java.io.FileOutputStream;
java.io.ObjectInputStream;
java.io.ObjectOutputStream;
java.io.EOFException;
java.io.FileNotFoundException;
java.io.IOException;
java.util.Scanner;

public class Doubler
{
private ObjectInputStream inputStream = null;
private ObjectOutputStream outputStream = null;
/**
Doubles the integers in one file and puts them in another file.
*/
public static void main(String[] args)
{
Doubler twoTimer = new Doubler();
twoTimer.connectToInputFile();
twoTimer.connectToOutputFile();
twoTimer.timesTwo();
twoTimer.closeFiles();
System.out.println("Numbers from input file");
System.out.println("doubled and copied to output file.");
}
public void connectToInputFile()
{
String inputFileName =
getFileName("Enter name of input file:");
try
{
inputStream = new ObjectInputStream(
new FileInputStream(inputFileName));
}
catch(FileNotFoundException e)
{
System.out.println("File " + inputFileName +
" not found.");
System.exit(0);
}
catch(IOException e)
{
System.out.println("Error opening input file" +
inputFileName);

(continued)
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LISTING 10.8 Processing a File of Binary Data (part 2 of 3)
System.exit(0);
}
}
private String getFileName(String prompt)
{
String fileName = null;
System.out.println(prompt);
Scanner keyboard = new Scanner(System.in);
fileName = keyboard.next();
return fileName;
}
public void connectToOutputFile()
{
String outputFileName =
getFileName("Enter name of output file:");
try
{
outputStream = new ObjectOutputStream(
new FileOutputStream(outputFileName));
}
catch(IOException e)
{
System.out.println("Erroropeningoutputfile" +
outputFileName);
System.out.println(e.getMessage());
System.exit(0);
}
}

A class used in a real-life application would
usually transform the input data in a more
complex way before writing it to the output
file. Such a class likely would have additional
methods.
public void timesTwo()
{
try
{
while (true)
{
int next = inputStream.readInt();
outputStream.writeInt(2 * next);
}
}

(continued)
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LISTING 10.8 Processing a File of Binary Data (part 3 of 3)
catch(EOFException e)
{
//Do nothing. This just ends the loop.
}
catch(IOException e)
{
System.out.println(
"Error: reading or writing files.");
System.out.println(e.getMessage());
System.exit(0);
}
}
public void closeFiles()
{
try
{
inputStream.close();
outputStream.close();
}
catch(IOException e)
{
System.out.println("Error closing files " +
e.getMessage());
System.exit(0);
}
}
}

UFDIOJRVFT GPS IBOEMJOH GJMF *0 *O QBSUJDVMBS  OPUF UIBU UIF WBSJBCMFT GPS
TUSFBNPCKFDUTDPOOFDUFEUPUIFGJMFTBSFJOTUBODFWBSJBCMFT BOEOPUFUIBUUIF
UBTLJTEJWJEFEJOUPTVCUBTLTBTTJHOFEUPWBSJPVTNFUIPET
8FIBWFNBEFUIF try blocks small so that, when an exception is thrown,
it is caught in a nearby catch block. If we had fewer—and larger—try blocks, it
XPVMEIBWFCFFOIBSEFSUPEFDJEFXIBUQBSUPGUIFDPEFIBEUISPXOBOFYDFQUJPO

GOTCHA

Exceptions, Exceptions, Exceptions

.BOZ TJUVBUJPOT JOWPMWJOH B UFYU GJMF UIBU EP OPU UISPX FYDFQUJPOT EVSJOH
*0 EP UISPX FYDFQUJPOT XIFO B CJOBSZ GJMF JT JOWPMWFE 4P ZPV XJMM OFFE
to do more exception handling when working with binary files than when
working with text files. For example, closing a text file connected to a stream
of type PrintWriter EPFT OPU DBVTF BO FYDFQUJPO UP CF UISPXO )PXFWFS 
DMPTJOHBCJOBSZGJMFTUSFBNPGUIFUZQFTXFIBWFCFFOEJTDVTTJOHDBODBVTFBO
IOExceptionUPCFUISPXO8IFOEPJOHCJOBSZGJMF*0BTXFIBWFEFTDSJCFE

VideoNote
Writing and reading a
binary file
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it, almost anything can cause an exception to be thrown. Also, the methods
writeObject and readObject can throw a long list of exceptions, which you
can see by checking Figures 10.5 and 10.6
■

S E L F -TE S T QU ESTI ONS
 4VQQPTF UIBU ZPV XBOU UP DSFBUF BO JOQVU TUSFBN BOE DPOOFDU JU UP UIF
binary file named mydata.dat. Will the following code work? If not how
can you write something similar that does work?
ObjectInputStream inputStream = new
ObjectInputStream("mydata.dat");

 %PFTUIFDMBTTFileInputStreamIBWFBNFUIPEOBNFEreadInt %PFTJU
IBWFPOFOBNFEreadDouble %PFTJUIBWFPOFOBNFEreadUTF?
 %PFT UIF DMBTT FileOutputStream IBWF B DPOTUSVDUPS UIBU BDDFQUT B GJMF
name as an argument?
 %PFTUIFDMBTT ObjectOutputStreamIBWFBDPOTUSVDUPSUIBUBDDFQUTBGJMF
name as an argument?
 8IFOPQFOJOHBCJOBSZGJMFGPSPVUQVUJOUIFXBZTEJTDVTTFEJOUIJTDIBQUFS 
might an exception be thrown? What kind of exception? What are the answers
to these questions if we open a binary file for input instead of for output?
 4VQQPTFUIBUBCJOBSZGJMFDPOUBJOTFYBDUMZUISFFOVNCFSTXSJUUFOUPUIFGJMF
using the method writeDouble of the class ObjectOutputStream. Suppose
further that you write a program to read all three numbers using three
JOWPDBUJPOTPGUIFNFUIPEreadDouble of the class ObjectInputStream. If
ZPVSQSPHSBNJOWPLFTreadDouble a fourth time, what will happen?
 5IFGPMMPXJOHDPEFBQQFBSTJOUIFQSPHSBNJO-JTUJOH
try
{
while (true)
{
int anInteger = inputStream.readInt();
System.out.println(anInteger);
}
}
catch(EOFException e)
{
System.out.println("End of reading from file.");
}

Why doesn't this code really include an infinite loop?
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 8SJUF B DPNQMFUF +BWB QSPHSBN UIBU XJMM EJTQMBZ BMM UIF OVNCFST JO B
binary file named temperatures.dat on the screen, one per line. Assume
that the entire file was written with the method writeDouble.

10.5 BINARY-FILE I/O WITH OBJECTS AND ARRAYS
*O UIJT TFDUJPO  XF DPWFS *0 GPS CJOBSZ GJMFT JOWPMWJOH PCKFDUT PG B DMBTT
and arrays, which, you’ll recall, are really objects. We will use the classes
ObjectInputStream and ObjectOutputStream.

Binary-File I/O with Objects of a Class
8FIBWFTFFOIPXUPXSJUFQSJNJUJWFWBMVFTBOETUSJOHTUPBCJOBSZGJMF BOE
how to read them again. How would we write and read objects other than
TUSJOHT 8FDPVME PGDPVSTF XSJUFBOPCKFDUhTJOTUBODFWBSJBCMFTUPBGJMFBOE
JOWFOU TPNF XBZ UP SFDPOTUSVDU UIF PCKFDU XIFO XF SFBE UIF GJMF 4JODF BO
JOTUBODFWBSJBCMFDPVMECFBOPUIFSPCKFDUUIBUJUTFMGDPVMEIBWFBOPCKFDUBTBO
JOTUBODFWBSJBCMF IPXFWFS DPNQMFUJOHUIJTUBTLTPVOETGPSNJEBCMF
'PSUVOBUFMZ +BWBQSPWJEFTBTJNQMFXBZDBMMFEobject serialization—to
represent an object as a sequence of bytes that can be written to a binary file.
This process will occur automatically for any object that belongs to a class that
is serializable. .BLJOH B DMBTT TFSJBMJ[BCMF JT FBTZ UP EP 8F TJNQMZ BEE UIF
two words implementsSerializable to the heading of the class definition, as
JOUIFGPMMPXJOHFYBNQMF
public class Species implements Serializable

"DUVBMMZ XFEPOFFEUPXPSSZBCPVUTPNFEFUBJMTJOWPMWJOHBDMBTTTJOTUBODF
WBSJBCMFT CVUTJODFUIPTFEFUBJMTXJMMOPUCFSFMFWBOUUPPVSFYBNQMF XFXJMM
postpone discussing them until the next section. We will also discuss the
meaning of serialization at that time.
SerializableJTBOJOUFSGBDFJOUIF+BWB$MBTT-JCSBSZXJUIJOUIFQBDLBHF
java.io 5IF JOUFSGBDF JT FNQUZ  TP XF IBWF OP BEEJUJPOBM NFUIPET UP
implement. Although an empty interface might seem useless, this one tells
+BWB UP NBLF UIF DMBTT TFSJBMJ[BCMF 8F NBLF UIF JOUFSGBDF BWBJMBCMF UP PVS
program by including the following importTUBUFNFOU
import java.io.Serializable;

*O-JTUJOH XFIBWFNBEFUIFDMBTTSpecies, which we saw in Listing
5.17 of Chapter 5, serializable and added constructors and a toString
method. Let's use the class Species to illustrate the reading and writing of
objects to a binary file.
We can write objects of a serializable class to a binary file by using
the method writeObject of the class ObjectOutputStream and then read
those objects from the file by using the method readObject of the class
ObjectInputStream -JTUJOH  QSPWJEFT BO FYBNQMF PG UIJT QSPDFTT 5P

Objects of a
serializable class
can be written to
BCJOBSZGJMF
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LISTING 10.9 The Class Species Serialized for
Binary-File I/O
This is a new, improved definition of the class Species and
replaces the definition in Listing 5.19 of Chapter 5.
import java.io.Serializable;
import java.util.Scanner;
/**
Serialized class for data on endangered species.
*/
public class Species implements Serializable
{
private String name;
These two words and the import
private int population;
statement make this class serializable.
private double growthRate;
public Species()
{
name = null;
population = 0;
growthRate = 0;
}
public Species(String initialName, int initialPopulation,
double initialGrowthRate)
{
name = initialName;
if (initialPopulation >= 0)
population = initialPopulation;
else
{
System.out.println("ERROR: Negative population.");
System.exit(0);
}
growthRate = initialGrowthRate;
}
public String toString()
{
return ("Name = " + name + "\n" +
"Population = " + population + "\n" +
"Growth rate = " + growthRate + "%");
}

<Other methods are the same as those in Listing 5.19 of Chapter 5,
but they are not needed for the discussion in this chapter.>
}

10.5 Binary-File I/O with Objects and Arrays

LISTING 10.10 File I/O of Class Objects (part 1 of 3)
import
import
import
import
import

java.io.FileInputStream;
java.io.FileOutputStream;
java.io.IOException;
java.io.ObjectInputStream;
java.io.ObjectOutputStream;

public class ClassObjectIODemo
{
public static void main(String[]args)
{
ObjectOutputStream outputStream = null;
String fileName = "species.records";
try
{
outputStream = new ObjectOutputStream(
new FileOutputStream(fileName));
}
catch(IOException e)
{
System.out.println("Error opening output file " +
fileName + ".");
System.exit(0);
}
Species califCondor =
new Species("Calif. Condor", 27, 0.02);
Species blackRhino =
new Species("Black Rhino", 100, 1.0);
try
{
outputStream.writeObject(califCondor);
outputStream.writeObject(blackRhino);
outputStream.Close();
}
catch(IOException e)
{
System.out.println("Error wring to file " +
fileName + ".");
System.exit(0)
}
System.out.println("Records sent to file " +
fileName + ".");
System.out.println(
"Now let's reopen the file and echo " +
"the records.");

(continued)
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LISTING 10.10 File I/O of Class Objects (part 2 of 3)
ObjectInputStream inputStream = null;
try
{
inputStream = new ObjectInputStream(
new FileInputStream("species.records"));
}
catch(IOException e)
{
System.out.println("Error opening input file " +
fileName + ".");
System.exit(0);
}
Species readOne = null, readTwo = null;

Notice the type casts.

try
{

readOne = (Species)inputStream.readObject();
readTwo = (Species)inputStream.readObject();
inputStream.close();
}

A separate catch block for each type of
exception would be better. We use only one
to save space.

catch(Exception e)
{
System.out.println("Error reading from file " +
fileName + ".");
System.exit(0);
}

System.out.println("The following were read\n" +
"from the file " + fileName + ".");
System.out.println(readOne);
System.out.println();
System.out.println(readTwo);
System.out.println("End of program.");
}
}

Sample Screen Output
Records sent to file species.records.
Now let's reopen the file and echo the records.
The following were read
from the file species.records.
Name = Calif. Condor
Population = 27
Growth rate = 0.02%

(continued)
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LISTING 10.10 File I/O of Class Objects (part 3 of 3)
Name = Black Rhino
Population = 100
Growth rate 1.0%
End of program.

write an object of the class Species to a binary file, we pass the object as the
argument to the method writeObject, as in
outputStream.writeObject(oneSpecies);

where outputStream is a stream of type ObjectOutputStream and oneSpecies
is of type Species.

REMEMBER Writing Objects to a Binary File
:PVDBOXSJUFPCKFDUTUPBCJOBSZGJMFVTJOHwriteObjectPOMZJGUIFJS
DMBTTJTTFSJBMJ[BCMF8IFODIFDLJOHUIFEPDVNFOUBUJPOGPSQSFEFGJOFE
classes, see whether the class implements Serializable.

An object written to a binary file with the method writeObject can be
read by using the method readObject of the stream class ObjectInputStream,
BTJMMVTUSBUFECZUIFGPMMPXJOHFYBNQMFUBLFOGSPN-JTUJOH
readOne = (Species)inputStream.readObject();

Here, inputStream is a stream of type ObjectInputStream that has been
connected to a file that was filled with data using writeObject of the class
ObjectOutputStream. The data consists of objects of the class Species, and
UIF WBSJBCMF readOne is of type Species. Note that readObject returns its
WBMVFBTBOPCKFDUPGUZQF Object. If you want to use it as an object of type
Species, you must type cast it to the type Species.
#FGPSF XF MFBWF UIJT FYBNQMF  MFUT DMBSJGZ B QPUFOUJBM NJTDPODFQUJPO 5IF
class Species has a method toString. This method is needed so that output to
the screen and output to a text file—using printlnBQQFBSTDPSSFDUMZ)PXFWFS 
the method toString has nothing to do with object I/O to a binary file. Object
*0XJUIBCJOBSZGJMFXPVMEXPSLGJOFFWFOJGBDMBTTEJEOPUPWFSSJEFtoString.

Some Details of Serialization
0VSJOUSPEVDUJPOUPTFSJBMJ[BUJPOJOUIFQSFWJPVTTFDUJPOPNJUUFETPNFEFUBJMTUIBU
XFNVTUDPWFSOPX JOPSEFSUPBSSJWFBUBDPNQMFUFEFGJOJUJPOPGBTFSJBMJ[BCMF
DMBTT3FDBMMUIBUXFNFOUJPOFEUIBUBOJOTUBODFWBSJBCMFDPVMECFBOPUIFSPCKFDU
UIBUJUTFMGDPVMEIBWFBOPCKFDUBTBOJOTUBODFWBSJBCMF*OGBDU UIFDMBTT Species
IBTBTUSJOHBTBOJOTUBODFWBSJBCMF8IFOBTFSJBMJ[BCMFDMBTTIBTJOTUBODFWBSJBCMFT

readObject
recovers an object
JOBCJOBSZGJMF
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Properties of a
serializable class

PGBDMBTTUZQF UIFDMBTTGPSUIPTFJOTUBODFWBSJBCMFTTIPVMEBMTPCFTFSJBMJ[BCMF 
BOETPPOGPSBMMMFWFMTPGJOTUBODFWBSJBCMFTXJUIJODMBTTFT
5IVT BDMBTTJTTFSJBMJ[BCMFJGBMMPGUIFGPMMPXJOHBSFUSVF
t 5IFDMBTTJNQMFNFOUTUIFJOUFSGBDFSerializable.
t "OZJOTUBODFWBSJBCMFTPGBDMBTTUZQFBSFPCKFDUTPGBTFSJBMJ[BCMFDMBTT
t 5IF DMBTTT EJSFDU TVQFS DMBTT  JG BOZ  JT FJUIFS TFSJBMJ[BCMF PS EFGJOFT B
default constructor.

Some classes
aren’t serializable
GPSTFDVSJUZ
reasons

For example, the class Species implements the interface Serializable and
IBTBTUSJOHBTBOJOTUBODFWBSJBCMF5IFDMBTT String is serializable. Since any
TVCDMBTT PG B TFSJBMJ[BCMF DMBTT JT TFSJBMJ[BCMF  B DMBTT EFSJWFE GSPN Species
would also be serializable.
What is the effect of making a class serializable? In a sense, there is
OP EJSFDU FGGFDU PO UIF DMBTT  CVU UIFSF JT BO FGGFDU PO IPX +BWB QFSGPSNT
GJMF *0 XJUI PCKFDUT PG UIF DMBTT *G B DMBTT JT TFSJBMJ[BCMF  +BWB BTTJHOT B
serial number to each object of the class that it writes to a stream of type
ObjectOutputStream. If the same object is written to the stream more than
PODF  BGUFS UIF GJSTU UJNF  +BWB XSJUFT POMZ UIF TFSJBM OVNCFS GPS UIF PCKFDU 
rather than writing the object's data multiple times. This feature makes file
I/O more efficient and reduces the size of the file. When the file is read using
a stream of type ObjectInputStream, duplicate serial numbers are returned
as references to the same object. Note that this condition means that, if two
WBSJBCMFTDPOUBJOSFGFSFODFTUPUIFTBNFPCKFDU BOEZPVXSJUFUIFPCKFDUTUP
the file and later read them from the file, the two objects that are read will be
references to the same object. So nothing in the structure of your object data is
lost when you write the objects to the file and later read them.
Serializability sounds great. So why aren’t all classes made serializable? In
some cases, it is for security reasons. The serial-number system makes it easier
for programmers to get access to the object data written to secondary storage.
In other cases, writing objects to secondary storage may not make sense, since
they would be meaningless when read again later. For example, if the object
contains system-dependent data, the data may be meaningless later.

Array Objects in Binary Files
"SSBZTBSF
objects, and so
can be written to
BCJOBSZGJMF

4JODF+BWBUSFBUTBSSBZTBTPCKFDUT ZPVDBOVTF writeObject to write an entire
array to a binary file, and you can use readObject to read it from the file.
When doing so, if the array has a base type that is a class, the class should
be serializable. This means that, if you store all your data for one serializable
class in a single array, you can write all your data to a binary file using one
JOWPDBUJPOPGwriteObject.
For example, suppose that group is an array of Species objects. If toFile
is an instance of ObjectOutputStream that is associated with a binary file, we
can write the array to that file by executing the statement
toFile.writeObject(group);

10.5 Binary-File I/O with Objects and Arrays

After creating the file, we can read the array by using the statement
Species[] myArray = (Species[])fromFile.readObject();

where fromFile is an instance of ObjectInputStream that is associated with
the file that we just created.
Note that the base-class type, Species, is serializable. Note also the type
cast when reading the array from the file. Since readObjectSFUVSOTJUTWBMVF
as an object of type Object, it must be type cast to the correct array type,
Species[] in this case.
Listing 10.11 contains a sample program that writes and reads an
array using a binary file. Notice that we declared the arrays oneArray and
anotherArray outside of the try blocks so that they exist both outside and
LISTING 10.11 File I/O of an Array Object (part 1 of 2)
import
import
import
import
import

java.io.FileInputStream;
java.io.FileOutputStream;
java.io.IOException;
java.io.ObjectInputStream;
java.io.ObjectOutputStream;

public class ArrayIODemo
{
public static void main(String[] args)
{
Species[] oneArray = new Species[2];
oneArray[0] = new Species("Calif. Condor", 27, 0.02);
oneArray[1] = new Species("Black Rhino", 100, 1.0);
String fileName = "array.dat";
try
{
ObjectOutputStream outputStream =
new ObjectOutputStream(
new FileOutputStream(fileName));
outputStream.writeobject(oneArray);
outputStream.close();
}
catch(IOException e)
{
System.out.println("Error writing to file " +
fileName + ".");
System.exit(0);
}
System.out.println("Array written to file " +
fileName + " and file is closed.");

(continued)
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LISTING 10.11 File I/O of an Array Object (part 2 of 2)

Note the type cast

System.out.println("Open the file for input and " +
"echo the array.")
Species[] anotherArray = null;
try
{
ObjectInputStream inputStream =
new objectInputStream(
new FileInputStream(fileName));
anotherArray = (Species[])inputStream.readobject();
inputStream.close();
}
A separate catch block for each type of exception
catch(Exception e)
would be better. We use only one to save space.
{
System.out.println("Error reading file " +
fileName + ".");
System.exit(0);
}
System.out.println("The following were read from " +
"the file " + fileName + ":");
for (int i = 0; i < anotherArray.length; i++)
{
System.out.println(anotherArray[i]);
System.out.println();
}
System.out.println("End of program.");

}
}

Sample Screen Output
Array written to file array.dat and file is closed.
Open the file for input and echo the array.
The following were read from the file array.dat:
Name = Calif. Condor
Population = 27
Growth rate = 0.02%
Name = black Rhino
Population = 100
Growth rate = 1.0%
End of program.

10.6 Graphics Supplement

inside these blocks. Also note that anotherArray is initialized to null, not
newSpecies[2] )BE XF BMMPDBUFE B OFX BSSBZ IFSF  JU XPVME IBWF CFFO
replaced by the subsequent call to readObject. That is, readObject creates a
OFXBSSBZJUEPFTOPUGJMMBOFYJTUJOHPOF

S E L F-TE S T QU E S TIO N S
30. How do you make a class serializable?
31. What is the return type for the method readObject of the class
ObjectInputStream?
 8IBU FYDFQUJPO T  NJHIU CF UISPXO CZ UIF NFUIPE writeObject of the
class ObjectOutputStream  $POTVMU UIF EPDVNFOUBUJPO GPS UIF +BWB
Class Library.)
33. What exception(s) might be thrown by the method readObject of the
class ObjectInputStream  $POTVMUUIFEPDVNFOUBUJPOGPSUIF+BWB$MBTT
Library.)

10.6 GRAPHICS SUPPLEMENT
The "real world" is the only world.
—GRAFFITI

(SBQIJDBMVTFSJOUFSGBDFT PS(6*T BSFOPUKVTUGPSDVUFMJUUMFEFNPOTUSBUJPOT
(6*T BSF NFBOU UP CF JOUFSGBDFT GPS SFBM BQQMJDBUJPO QSPHSBNT 5IJT TFDUJPO
QSPWJEFTPOFTNBMMFYBNQMFPGBJFrame(6*UIBUNBOJQVMBUFTGJMFT

PROGRAMMING EXAMPLE

A JFrame GUI for Manipulating
Files

5IFQSPHSBNJO-JTUJOHVTFTB JFrameUPDSFBUFB(6*UIBUMFUTZPVEP
TPNFIPVTFLFFQJOHXJUIZPVSUFYUGJMFT5IF(6*IBTUISFFCVUUPOTBOEUXP
text fields. You can type a file name in the indicated text field. If you then click
the Show first line button, the first line of the file is displayed in the other
UFYUGJFMEBTBSFNJOEFSPGXIBUJTJOUIFGJMF)PXFWFS JGUIFGJMFEPFTOPUFYJTU
or is not readable, you get a message explaining the situation instead. And if
the file is not a text file, you will get gibberish.

VideoNote
Using a binary file of
objects and arrays
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LISTING 10.12 A File Organizer GUI (part 1 of 4)
import
import
import
import
import
import
import
import
import
import
import
import
import

javax.swing.JFrame;
javax.swing.JButton;
javax.swing.JFrame;
javax.swing.JTextField;
java.awt.Color;
java.awt.Container;
java.awt.FlowLayout;
java.awt.Graphics;
java.awt.event.ActionEvent;
java.awt.event.ActionListener;
java.io.File;
java.io.FileNotFoundException;
java.util.Scanner;

public class FileOrganizer extends JFrame implements ActionListener
{
public static final int WIDTH = 400;
public static final int HEIGHT = 300;
public static final int NUMBER_OF_CHAR = 30;
private JTextField fileNameField;
private JTextField firstLineField;
public FileOrganizer()
{
setSize(WIDTH, HEIGHT);
WindowDestroyer listener = new WindowDestroyer();
addWindowListener(listener);
Container contentPane = getContentPane();
contentPane.setLayout(new FlowLayout());
JButton showButton = new JButton("Show first line");
showButton.addActionListener(this);
contentPane.add(showButton);
JButton removeButton = new JButton("Remove file");
removeButton.addActionListener(this);
contentPane.add(removeButton);
JButton resetButton = new JButton("Reset");
resetButton.addActionListener(this);
contentPane.add(resetButton);
fileNameField = new JTextField(NUMBER_OF_CHAR);
contentPane.add(fileNameField);
fileNameField.setText("Enter file name here.");
firstLineField = new JTextField(NUMBER_OF_CHAR);
contentPane.add(firstLineField);
}

(continued)
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LISTING 10.12 A File Organizer GUI (part 2 of 4)
public void actionPerformed(ActionEvent e)
{
String actionCommand = e.getActionCommand();
if (actionCommand.equals("Show first line"))
showFirstLine();
else if (actionCommand.equals("Remove file"))
removeFile();
else if (actionCommand.equals("Reset"))
resetFields();
else
firstLineField.setText("Unexpected error.");
}
private void showFirstLine()
{
Scanner fileInput = null;
String fileName = fileNameField.getText();
File fileObject = new File(fileName);
if (!fileObject.exists())
firstLineField.setText("No such file");
else if (!fileObject.canRead())
firstLineField.setText("That file is not readable.");
else
{
try
{
fileInput = new Scanner(fileObject);
}
catch(FileNotFoundException e)
{
firstLineField.setText("Error opening the file " +
fileName);
}
String firstLine = fileInput.nextLine();
firstLineField.setText(firstLine);
fileInput.close();
}
}
private void resetFields()
{
fileNameField.setText("Enter file name here.");
firstLineField.setText("");
}

(continued)
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LISTING 10.12 A File Organizer GUI (part 3 of 4)
private void removeFile()
{
Scanner fileInput = null;
String firstLine;
String fileName = fileNameField.getText();
File fileObject = new File(filename);
if (!fileObject.exists())
firstLinefield.setText("No such file");
else if (!fileObject.canWrite())
firstLineField.setText("Permission denied.");
else
{
if (fileObject.delete())
firstLineField.setText("File deleted.");
else
firstLineField.setText("Could not delete file.");
}
}
public static void main(String[] args)
{
FileOrganizer gui = new FileOrganizer();
gui.setVisible(true);
}
}

Screen Output Showing GUI’s State Initially or After the Reset Button is Clicked

(continued)
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LISTING 10.12 A File Organizer GUI (part 4 of 4)
Screen Output After Entering the File Name and Clicking the Show first line Button

Assumes that the first line in
the file is as shown

Screen Output After Entering the Remove line Button

Screen Output After Entering the File Name and Clicking the Show first line Button

Assumes that the named file does
not exist
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If you want to delete a file, you type the file name in the text field and
click the Remove file button. As long as the file exists and is writable, it is
deleted and a confirmation message is displayed. If the file does not exist
or is not writable—which normally also means you cannot delete it—an
appropriate message appears instead. Finally, the Reset button restores the
text fields to their original contents. Let’s look at some code.
Within the constructor of our class, we define the three buttons and the
UXP UFYU GJFMET )BWJOH UXP UFYU GJFMET NFBOT UIBU UIF GJMF OBNF DBO SFNBJO
WJTJCMFXIJMFBOZPVUQVUJTHJWFOJOUIFPUIFSUFYUGJFME5PEJGGFSFOUJBUFUIFUFYU
GJFMET XFJOJUJBMJ[FUIFPOFGPSUIFGJMFOBNFBTGPMMPXT
fileNameField.setText("Enter file name here.");

Chapter 13, which is on the Web, shows how to label a text field so that the
label is outside the text field rather than in it.
The method actionPerformed identifies the button click and takes the
BQQSPQSJBUFBDUJPOCZDBMMJOHPOFPGUISFFQSJWBUFNFUIPETXJUIJOPVSDMBTT
The method showFirstLine SFUSJFWFT UIF GJMF OBNF GSPN UIF UFYU GJFME BOE 
after checking that the file exists and is readable, opens the file for input. The
method then reads the first line, displays it in the text field, and finally closes
the file. The statements for these latter three steps are
String firstLine = fileInput.readLine();
firstLineField.setText(firstLine);
fileInput.close();

Before entering another file name, the user should click the Reset button,
XIJDITFUTUIFUXPUFYUGJFMETBTGPMMPXT
fileNameField.setText("Enter file name here.");
firstLineField.setText("");

The second statement sets the text field contents to the empty string, which
TFUT UIF GJFME UP CMBOL 5IF (6* XJMM HJWF DPSSFDU BOTXFST FWFO JG UIF Reset
button is not clicked, but the output will be clearer if it is clicked.) These two
TUBUFNFOUTBSFJOUIFQSJWBUFNFUIPEresetFields that actionPerformed calls
when the Reset button is clicked.
Finally, if the Remove file button is clicked, actionPerformed calls the
QSJWBUFNFUIPEremoveFile. After checking that the file exists and is readable,
removeFileEFMFUFTUIFGJMFCZVTJOHUIFGPMMPXJOHDPEF
if (fileObject.delete())
firstLineField.setText("File deleted.");
else
firstLineField.setText("Could not delete file.");

5IF JOWPDBUJPO fileObject.delete() tries to delete the file. If delete is
TVDDFTTGVM JUSFUVSOTUSVFPUIFSXJTFJUSFUVSOTGBMTF
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*OUIJTFYBNQMF XFIBWFEFGJOFEBmain method within our class to create and
EJTQMBZ UIF (6* 8IFUIFS ZPV DIPPTF UP QMBDF main within this class or
another one depends on the situation and to some extent on personal taste.

S E L F-TE S T QU E S TIO N S
 5IF DMBTT FileOrganizer JO -JTUJOH  JODMVEFT B main method that
DSFBUFT BOE EJTQMBZT B (6* *T JU MFHBM UP JOTUFBE EP UIJT XJUIJO B main
method of a separate class without deleting the main method in the class
FileOrganizer?
 *O -JTUJOH   DPVME ZPV BWPJE IBWJOH UP DBUDI FYDFQUJPOT TJNQMZ CZ
adding a throws clause to all methods that might throw an exception?

GOTCHA

An Applet Cannot Manipulate Files on Another
Computer

For reasons of security, an applet is limited in what it can do. Since an applet
is designed to be embedded in a Web page and run from another computer
TPNFQMBDFFMTFPOUIF8PSME8JEF8FC UIF+BWBEFTJHOFSTEJEOPUHJWFBQQMFUT
the ability to manipulate files on a remote computer. Hence, you cannot write
BOBQQMFUWFSTJPOPGUIFJFrame(6*JO-JTUJOHUIBUXJMMSFBEBOEEFMFUF
GJMFTPOUIFDPNQVUFSPOXIJDIJUJTWJFXFE:PVDBO IPXFWFS XSJUFBOBQQMFU
WFSTJPO UIBU  XIFO SVO XJUI UIF BQQMFU WJFXFS PO ZPVS PXO DPNQVUFS  XJMM
NBOJQVMBUFGJMFTPOZPVSDPNQVUFS*OUIBUDBTF IPXFWFS ZPVNBZBTXFMMVTF
a JFrame(6*
■

■ PROGRAMMING TIP

When to Define GUI Components as
Instance Variables

8IFO(6*DPNQPOFOUTNVTUCFBWBJMBCMFUPNPSFUIBOPOFNFUIPEXJUIJO
BDMBTT EFGJOJOHUIFNBTJOTUBODFWBSJBCMFTJTNPSFDPOWFOJFOUUIBOQBTTJOH
UIFNBTBSHVNFOUTUPTFWFSBMNFUIPET*O-JTUJOH GPSFYBNQMF UXPUFYU
fields—fileNameField and firstLineField—are created and initialized by
the constructor and used in all of the other methods in the class except main.
5IFTFUFYUGJFMETBSFEFGJOFEBTJOTUBODFWBSJBCMFT
)PXFWFS OPUJDFUIFCVUUPOTUIBUUIFDPOTUSVDUPSEFGJOFT4JODFUIFZBSF
used only in the constructor, they can be local to that method. Although the
method actionPerformed is responsible for a button's action, it does not
reference any buttons by name. Instead, an action command is obtained
GSPNUIFBDUJPOFWFOUUIBUJTHFOFSBUFEXIFOBCVUUPOJTDMJDLFE5IJTBDUJPO
command is dealt with entirely within actionPerformed. There is no reason
JOUIJTDBTFGPSUIFCVUUPOTUPCFJOTUBODFWBSJBCMFT
■
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CHAPTER SUMMARY
■

Files that are considered to be strings of characters and that look like characters to your program and to a text editor are called text files. All other files
are called binary files.

■

Your program can use the class PrintWriter to write to a text file and can
use the class Scanner to read from a text file.

■

When reading from a file, you should always check for the end of a file and
do something appropriate if the end of the file is reached. The way you test
for the end of a file depends on whether your program is reading from a text
file or a binary file.

■

:PVDBOSFBEBGJMFOBNFGSPNUIFLFZCPBSEJOUPBWBSJBCMFPGUZQF String
BOEVTFUIBUWBSJBCMFJOQMBDFPGBGJMFOBNF

■

The class FileDBOCFVTFEUPTFFXIFUIFSBOFYJTUJOHGJMFIBTBHJWFOOBNF
It can also be used to see whether your program is allowed to read the file
or write to the file.

■

Your program can use the class ObjectOutputStream to write to a binary file
and can use the class ObjectInputStream to read from a binary file.

■

Your program can use the method writeObject of the class ObjectOutputStream to write class objects or arrays to a binary file. Objects or arrays
can be read from a binary file using the method readObject of the class
ObjectInputStream.

■

In order to use the methods writeObject of the class ObjectOutputStream
and readObject of the class ObjectInputStream, the class whose objects are
written to a binary file must implement the Serializable interface.

Exercises
  8SJUFBQSPHSBNUIBUXJMMXSJUFUIF(FUUZTCVSH"EESFTTUPBUFYUGJMF1MBDF
each sentence on a separate line of the file.
  .PEJGZUIFQSPHSBNJOUIFQSFWJPVTFYFSDJTFTPUIBUJUSFBETUIFOBNFPG
the file from the keyboard.
3. Write some code that asks the user to enter either of the words append or new.
According to the user response, open either an existing text file to which data
can be appended or a new, empty text file to which data can be written. In
FJUIFSDBTF UIFGJMFTOBNFJTBTUSJOHHJWFOCZUIFWBSJBCMFfileName.
  8SJUFBQSPHSBNUIBUXJMMSFDPSEUIFQVSDIBTFTNBEFBUBTUPSF'PSFBDI
purchase, read from the keyboard an item’s name, its price, and the number
bought. Compute the cost of the purchase (number bought times price),
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and write all this data to a text file. Also, display this information and the
DVSSFOUUPUBMDPTUPOUIFTDSFFO"GUFSBMMJUFNTIBWFCFFOFOUFSFE XSJUFUIF
total cost to both the screen and the file. Since we want to remember all
purchases made, you should append new data to the end of the file.
  .PEJGZ UIF DMBTT LapTimer  BT EFTDSJCFE JO &YFSDJTF  PG UIF QSFWJPVT
DIBQUFS BTGPMMPXT
t "EEBOBUUSJCVUFGPSBGJMFTUSFBNUPXIJDIXFDBOXSJUFUIFUJNFT
t "EEBDPOTUSVDUPS
LapTimer(n, person, fileName)

GPSBSBDFIBWJOHn laps. The name of the person and the file to record the
times are passed to the constructor as strings. The file should be opened
and the name of the person should be written to the file. If the file cannot
be opened, throw an exception.
6. Write a class TelephoneNumber that will hold a telephone number. An obKFDUPGUIJTDMBTTXJMMIBWFUIFBUUSJCVUFT
t areaCode—a three-digit integer
t exchangeCode—a three-digit integer
t number—a four-digit integer
and the methods
t TelephoneNumber(aString)—a constructor that creates and returns a
OFXJOTUBODFPGJUTDMBTT HJWFOBTUSJOHJOUIFGPSN xxx–xxx–xxxx or,
if the area code is missing, xxx–xxxx. Throw an exception if the format
JT OPU WBMJE Hint 5P TJNQMJGZ UIF DPOTUSVDUPS  ZPV DBO SFQMBDF FBDI
hyphen in the telephone number with a blank. To accept a telephone
number containing hyphens, you could process the string one character
at a time or learn how to use Scanner to read words separated by a
character—such as a hyphen—other than whitespace.)
t toString—returns a string in either of the two formats shown
QSFWJPVTMZGPSUIFDPOTUSVDUPS
6TJOHBUFYUFEJUPS DSFBUFBUFYUGJMFPGTFWFSBMUFMFQIPOFOVNCFST VTJOH
UIFUXPGPSNBUTEFTDSJCFEQSFWJPVTMZ8SJUFBQSPHSBNUIBUSFBETUIJTGJMF 
displays the data on the screen, and creates an array whose base type is
TelephoneNumber. Allow the user to either add or delete one telephone
number. Write the modified data on the text file, replacing its original
contents. Then read and display the numbers in the modified file.
7. Write a class ContactInfo to store contact information for a person. It
TIPVMEIBWFBUUSJCVUFTGPSBQFSTPOhTOBNF CVTJOFTTQIPOF IPNFQIPOF 
DFMMQIPOF FNBJMBEESFTT BOEIPNFBEESFTT*UTIPVMEIBWFBtoString
method that returns this data as a string, making appropriate replacements
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GPSBOZBUUSJCVUFTUIBUEPOPUIBWFWBMVFT*UTIPVMEIBWFBDPOTUSVDUPS
ContactInfo(aString) that creates and returns a new instance of the class,
using data in the string aString. The constructor should use a format consistent with what the toString method produces.
Using a text editor, create a text file of contact information, as described in
UIFQSFWJPVTQBSBHSBQI GPSTFWFSBMQFPQMF8SJUFBQSPHSBNUIBUSFBETUIJT
file, displays the data on the screen, and creates an array whose base type
is ContactInfo"MMPXUIFVTFSUPEPPOFPGUIFGPMMPXJOHDIBOHFTPNF
EBUBJOPOFDPOUBDU BEEBDPOUBDU PSEFMFUFBDPOUBDU'JOBMMZ XSJUFPWFS
the file with the modified contacts.
  8SJUFBQSPHSBNUIBUSFBETFWFSZMJOFJOBUFYUGJMF SFNPWFTUIFGJSTUXPSE
from each line, and then writes the resulting lines to a new text file.
  3FQFBUUIFQSFWJPVTFYFSDJTF CVUXSJUFUIFOFXMJOFTUPBOFXCJOBSZGJMF
instead of a text file.
 8SJUFBQSPHSBNUIBUXJMMNBLFBDPQZPGBUFYUGJMF MJOFCZMJOF3FBEUIF
name of the existing file and the name of the new file—the copy—from the
keyboard. Use the methods of the class File to test whether the original
file exists and can be read. If not, display an error message and abort the
program. Similarly, see whether the name of the new file already exists. If
so, display a warning message and allow the user to either abort the proHSBN PWFSXSJUFUIFFYJTUJOHGJMF PSFOUFSBOFXOBNFGPSUIFGJMF
 4VQQPTFZPVBSFHJWFOBUFYUGJMFUIBUDPOUBJOTUIFOBNFTPGQFPQMF&WFSZ
name in the file consists of a first name and last name. Unfortunately, the
programmer who created the file of names had a strange sense of humor
BOEEJEOPUHVBSBOUFFUIBUFBDIOBNFXBTPOBTJOHMFMJOFPGUIFGJMF3FBE
this file of names and write them to a new text file, one name per line. For
example, if the input file contains
Bob Jones Fred
$IBSMFT&E
.BSTUPO
Jeff
Williams
the output file should be
Bob Jones
Fred Charles
&E.BSTUPO
Jeff Williams
 4VQQPTFUIBUZPVIBWFBCJOBSZGJMFUIBUDPOUBJOTOVNCFSTXIPTFUZQFJT
either int or double. You don't know the order of the numbers in the file,
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but their order is recorded in a string at the beginning of the file. The string
is composed of the letters i (for int) and d (for double) in the order of the
types of the subsequent numbers. The string is written using the method
writeUTF.
For example, the string "iddiiddd" indicates that the file contains eight
WBMVFT BTGPMMPXTPOFJOUFHFS GPMMPXFECZUXPEPVCMFT GPMMPXFECZUXP
JOUFHFST GPMMPXFECZUISFFEPVCMFT3FBEUIJTCJOBSZGJMFBOEDSFBUFBOFX
UFYUGJMFPGUIFWBMVFT XSJUUFOPOFUPBMJOF
13. Suppose that we want to store digitized audio information in a binary file.
An audio signal typically does not change much from one sample to the
next. In this case, less memory is used if we record the change in the data
WBMVFTJOTUFBEPGUIFBDUVBMEBUBWBMVFT8FXJMMVTFUIJTJEFBJOUIFGPMMPXing program.
Write a program StoreSignalUIBUXJMMSFBEQPTJUJWFJOUFHFST FBDIPG
XIJDINVTUCFXJUIJOPGUIFQSFWJPVTJOUFHFS GSPNUIFLFZCPBSE
(or from a text file, if you prefer). Write the first integer to a binary file.
For each subsequent integer, compute the difference between it and
the integer before it, cast the difference to a byte, and write the result
UPUIFCJOBSZGJMF8IFOBOFHBUJWFJOUFHFSJTFODPVOUFSFE TUPQXSJUJOH
the file.
 8SJUFBQSPHSBN RecoverSignal that will read the binary file written by
StoreSignal BTEFTDSJCFEJOUIFQSFWJPVTFYFSDJTF%JTQMBZUIFJOUFHFSWBMues that the data represents on the screen.
 &WFOUIPVHIBCJOBSZGJMFJTOPUBUFYUGJMF JUDBODPOUBJOFNCFEEFEUFYU5P
find out if this is the case, write a program that will open a binary file and
SFBEJUPOFCZUFBUBUJNF%JTQMBZUIFJOUFHFSWBMVFPGFBDICZUFBTXFMMBT
the character, if any, that it represents in ASCII.
Technical details5PDPOWFSUBCZUFUPBDIBSBDUFS VTFUIFGPMMPXJOHDPEF
char[] charArray = Character.toChars(byteValue);

The argument byteValue of the method toChars is an intXIPTFWBMVF
equals that of the byte read from the file. The character represented by
the byte is charArray[0]. Since an integer is four bytes, byteValue can
represent four ASCII characters. The method toChars USJFT UP DPOWFSU
each of the four bytes to a character and places them into a char
array. We are interested in just the character at index 0. If a byte in
the file does not correspond to a character, the method will throw an
IllegalArgumentException. If the exception is thrown, display only the
CZUFWBMVFBOEDPOUJOVFPOUPUIFOFYUCZUF
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PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.

VideoNote
Processing a file

1. Write a program that searches a file of numbers and displays the largest
OVNCFS UIFTNBMMFTUOVNCFS BOEUIFBWFSBHFPGBMMUIFOVNCFSTJOUIF
GJMF%POPUBTTVNFUIBUUIFOVNCFSTJOUIFGJMFBSFJOBOZTQFDJBMPSEFS
Your program should obtain the file name from the user. Use either a text
GJMFPSBCJOBSZGJMF'PSUIFUFYUGJMFWFSTJPO BTTVNFPOFOVNCFSQFSMJOF
'PSUIFCJOBSZGJMFWFSTJPO VTFOVNCFSTPGUZQF double that are written
using writeDouble.
  8SJUFBQSPHSBNUIBUSFBETBGJMFPGOVNCFSTPGUZQF int and writes all the
numbers to another file, but without any duplicate numbers. Assume that
the numbers in the input file are already ordered from smallest to largest.
After the program is run, the new file will contain all the numbers in the
original file, but no number will appear more than once in the file. The numbers in the output file should also be sorted from smallest to largest. Your
program should obtain both file names from the user. Use either a text file
PSBCJOBSZGJMF'PSUIFUFYUGJMFWFSTJPO BTTVNFPOFOVNCFSQFSMJOF'PSUIF
CJOBSZGJMFWFSTJPO VTFOVNCFSTPGUZQFint that are written using writeInt.
  8SJUFBQSPHSBNUIBUDIFDLTBUFYUGJMFGPSTFWFSBMGPSNBUUJOHBOEQVODUVBtion matters. The program asks for the names of both an input file and an
output file. It then copies all the text from the input file to the output file,
CVUXJUIUIFGPMMPXJOHUXPDIBOHFT  "OZTUSJOHPGUXPPSNPSFCMBOL
DIBSBDUFSTJTSFQMBDFECZBTJOHMFCMBOL  BMMTFOUFODFTTUBSUXJUIBOVQpercase letter. All sentences after the first one begin after either a period,
a question mark, or an exclamation mark that is followed by one or more
whitespace characters.
  8SJUFBQSPHSBNTJNJMBSUPUIFPOFJO-JTUJOHUIBUDBOXSJUFBOBSbitrary number of Species objects to a binary file. (Species appears in
-JTUJOHPG$IBQUFS 3FBEUIFGJMFOBNFBOEUIFEBUBGPSUIFPCKFDUT
from a text file that you create by using a text editor. Then write another
program that can search a binary file created by your first program and
TIPXUIFVTFSUIFEBUBGPSBOZSFRVFTUFEFOEBOHFSFETQFDJFT5IFVTFSHJWFT
the file name and then enters the name of the species. The program either
EJTQMBZTBMMUIFEBUBGPSUIBUTQFDJFTPSHJWFTBNFTTBHFJGUIBUTQFDJFTJTOPU
in the file. Allow the user to either enter additional species’names or quit.
  8SJUFBQSPHSBNUIBUSFBETGSPNBGJMFDSFBUFECZUIFQSPHSBNJOUIFQSFWJous programming project and displays the following information on the
TDSFFOUIFEBUBGPSUIFTQFDJFTIBWJOHUIFTNBMMFTUQPQVMBUJPOBOEUIFEBUB
GPS UIF TQFDJFT IBWJOH UIF MBSHFTU QPQVMBUJPO %P OPU BTTVNF UIBU UIF
PCKFDUTJOUIFGJMFBSFJOBOZQBSUJDVMBSPSEFS5IFVTFSHJWFTUIFGJMFOBNF
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  1SPHSBNNJOH1SPKFDUBTLTZPV BNPOHPUIFSUIJOHT UPXSJUFBQSPHSBN
that creates a binary file of objects of the class Species. Write a program
that reads from a file created by that program and writes the objects to
another file after modifying their population figures as they would be in
100 years. Use the method predictPopulation of the class Species, and
BTTVNFUIBUZPVBSFHJWFOFBDITQFDJFTHSPXUISBUF
  5FYUNFTTBHJOHJTBQPQVMBSNFBOTPGDPNNVOJDBUJPO.BOZBCCSFWJBUJPOT
are in common use but are not appropriate for formal communication.
4VQQPTFUIFBCCSFWJBUJPOTBSFTUPSFE POFUPBMJOF JOBUFYUGJMFOBNFE
abbreviations.txt'PSFYBNQMF UIFGJMFNJHIUDPOUBJOUIFTFMJOFT
lol

iirc

u
ttfn
Write a program that will read a message from another text file and
TVSSPVOEFBDIPDDVSSFODFPGBOBCCSFWJBUJPOXJUICSBDLFUT8SJUFUIF
marked message to a new text file.
For example, if the message to be scanned is
)PXBSFVUPEBZ *JSD UIJTJTZPVSGJSTUGSFFEBZ)PQFZPVBSFIBWJOH
GVO
the new text file should contain
How are <u> today? <Iirc>, this is your first free day. Hope you are
IBWJOHGVO 
  .PEJGZ UIF TelephoneNumber DMBTT EFTDSJCFE JO &YFSDJTF  TP UIBU JU JT
serializable. Write a program that creates an array whose base type is Tele
phoneNumber by reading data from the keyboard. Write the array to a
binary file using the method writeObject. Then read the data from the file
using the method readObject and display the information to the screen.
Allow the user to change, add, or delete any telephone number until he or
she indicates that all changes are complete. Then write the modified telephone numbers to the file, replacing its original contents.
  3FWJTFUIFDMBTTPet, as shown in Listing 6.1 of Chapter 6, so that it is serializable. Write a program that allows you to write and read objects of type
Pet to a file. The program should ask the user whether to write to a file or
read from a file. In either case, the program next asks for the file name. A
user who has asked to write to a file can enter as many records as desired.
A user who has asked to read from a file is shown all of the records in the
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file. Be sure that the records do not scroll by so quickly that the user cannot read them. (Hint5IJOLPGBXBZUPQBVTFUIFQSPHSBNBGUFSBDFSUBJO
number of lines are displayed.)
10. Write a program that reads records of type Pet from a file created by the
QSPHSBNEFTDSJCFEJOUIFQSFWJPVTQSPHSBNNJOHQSPKFDUBOEEJTQMBZTUIF
GPMMPXJOHJOGPSNBUJPOPOUIFTDSFFOUIFOBNFBOEXFJHIUPGUIFIFBWJest pet, the name and weight of the lightest pet, the name and age of the
youngest pet, and the name and age of the oldest pet.

VideoNote
Solution to Project 11

 5IF GPMMPXJOH JT BO PME XPSE QV[[MF i/BNF B DPNNPO XPSE  CFTJEFT
USFNFOEPVT TUVQFOEPVT BOEIPSSFOEPVT UIBUFOETJOEPVTw*GZPVUIJOL
BCPVUUIJTGPSBXIJMFJUXJMMQSPCBCMZDPNFUPZPV)PXFWFS XFDBOBMTP
TPMWFUIJTQV[[MFCZSFBEJOHBUFYUGJMFPG&OHMJTIXPSETBOEPVUQVUUJOH
UIFXPSEJGJUDPOUBJOTiEPVTwBUUIFFOE5IFUFYUGJMFiXPSETUYUwDPOUBJOT
&OHMJTIXPSET JODMVEJOHUIFXPSEUIBUDPNQMFUFTUIFQV[[MF5IJT
GJMFJTBWBJMBCMFPOMJOFXJUIUIFTPVSDFDPEFGPSUIFCPPL8SJUFBQSPHSBN
that reads each word from the text file and outputs only those containing
iEPVTwBUUIFFOEUPTPMWFUIFQV[[MF
 5IF6$*SWJOF.BDIJOF-FBSOJOHSFQPTJUPSZDPOUBJOTNBOZEBUBTFUTGPS
conducting computer science research. One dataset is the Haberman's
4VSWJWBM EBUBTFU  BWBJMBCMF BU IUUQBSDIJWFJDTVDJFEVNMEBUBTFUT
)BCFSNBOT 4VSWJWBMBOEBMTPJODMVEFEPOMJOFXJUIUIFTPVSDFDPEFGPSUIF
CPPL5IFGJMFiIBCFSNBOEBUBwDPOUBJOTTVSWJWBMEBUBGPSCSFBTUDBODFSQBUJFOUTJODPNNBTFQBSBUFEWBMVF $47 GPSNBU5IFGJSTUGJFMEJTUIFQBUJFOUT
age at the time of surgery, the second field is the year of the surgery, the
UIJSEGJFMEJTUIFOVNCFSPGQPTJUJWFBYJMMBSZOPEFTEFUFDUFE BOEUIFGPVSUI
GJFMEJTUIFTVSWJWBMTUBUVT5IFTVSWJWBMTUBUVTJTJGUIFQBUJFOUTVSWJWFE
ZFBSTPSMPOHFSBOEJGUIFQBUJFOUEJFEXJUIJOZFBST
8SJUFBQSPHSBNUIBUSFBETUIF$47GJMFBOEDBMDVMBUFTUIFBWFSBHFOVNCFS
PG QPTJUJWF BYJMMBSZ OPEFT EFUFDUFE GPS QBUJFOUT XIP TVSWJWFE  ZFBST PS
MPOHFS  BOE UIF BWFSBHF OVNCFS PG QPTJUJWF BYJMMBSZ OPEFT EFUFDUFE GPS
patients who died within 5 years. A significant difference between the two
BWFSBHFT TVHHFTUT XIFUIFS PS OPU UIF OVNCFS PG QPTJUJWF BYJMMBSZ OPEFT
EFUFDUFEDBOCFVTFEUPQSFEJDUTVSWJWBMUJNF:PVSQSPHSBNTIPVMEJHOPSF
the age and year fields for each record.

Graphics

Graphics

 3FQFBUBOZPGUIFQSFWJPVTQSPHSBNNJOHQSPKFDUTVTJOHBJFrame graphical
user interface.
 8SJUFBOBQQMJDBUJPOPSBQQMFUUIBUVTFTBUFYUGJFMEUPHFUUIFOBNFPGBGJMF 
SFBETUIFGJMFCZUFCZCZUF BOEEJTQMBZTUIFCZUFTBTDIBSBDUFST &YFSDJTF
EFTDSJCFTIPXUPDPOWFSUBCZUFWBMVFUPBDIBSBDUFS %JTQMBZUIFGJSTU
DIBSBDUFSTJOBMBCFM*GBCZUFEPFTOPUDPSSFTQPOEUPBMFHBMDIBSBDUFS 
display a space instead. Clicking the Next button reads and displays the next
DIBSBDUFSTJOUIFGJMF5IF(6*NJHIUMPPLMJLFUIFTLFUDIJO'JHVSF
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FIGURE 10.7A GUI for Programming Project 14

File Name:
Characters in file: 112 abc 456 222 xxxxxx

Get File

Next

15. Write an application or applet that implements a simple text editor. Use a
UFYUGJFMEBOEBCVUUPOUPHFUUIFGJMF3FBEUIFFOUJSFGJMFBTDIBSBDUFSTBOE
display it in a JTextArea. The user will then be able to make changes in the
text area. Use a Save button to get the contents of the text area and write Graphics
UIBUPWFSUIFPSJHJOBMGJMF
Technical Details3FBEFBDIMJOFGSPNUIFGJMFBOEUIFOEJTQMBZUIFMJOFJO
the text area using the method append(aString). The method getText
will return all of the text in the text area in a string that then can be written
to the file. The following statement will make the text area referenced by
editorTextAreaTDSPMMBCMF
JScrollPane scrollPane = new
JScrollPane(editorTextArea);

Then add scrollPane UP ZPVS (6*  KVTU BT ZPV XPVME BOZ PUIFS
component. The text area editorTextArea does not need to be added to
UIF(6* CVUJUDBOCFVTFE

Answers to Self-Test Questions
1. If a program sends its output to the screen, the output goes away when (or
soon after) the program ends. If your program sends its output to a file,
the file will remain after the program has finished running. A program
UIBUTFOETJUTPVUQVUUPBGJMFIBTQSFTFSWFEJUTPVUQVUGPSVTFMPOHBGUFSUIF
program ends its execution. The contents of a file remain until a person or
program changes the file.
  'SPNBGJMFUPUIFQSPHSBN
3. All files contain binary data. Text files can be thought of as a sequence of
characters. You can write to and read a text file by using a text editor or your
PXO+BWBQSPHSBN"MMPUIFSGJMFTBSFDBMMFECJOBSZGJMFT%BUBJOUIFTFGJMFT
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DBOOPUDPOWFOJFOUMZCFSFBEVTJOHBUFYUFEJUPS CVUTPNFTUBOEBSECJOBSZ
files—such as certain music or picture files—can be created and read on
BOZQMBUGPSN+BWBCJOBSZGJMFTBSFQMBUGPSNJOEFQFOEFOU CVUPUIFSCJOBSZ
files might depend on the programming language and type of computer
used to create them.
  PrintWriter outStream = new PrintWriter("sam.txt");
5. PrintWriter out Stream = new
PrintWriter(new FileOutputStream("sam.txt", true));

6. System.out.print("Enter file name: ");
Scanner keyboard = new Scanner(System.in);
String fileName = keyboard.next();
PrintWriter outStream = new PrintWriter(fileName);

7. A FileNotFoundException would be thrown if the file could not be
opened because, for example, there is already a directory (folder) named
out.txt. Note that if the file does not exist but can be created, no exception is thrown. If you answered IOException, you are not wrong, because
a FileNotFoundException is an IOException)PXFWFS UIFCFUUFSBOTXFS
is the more specific exception class, namely, FileNotFoundException.
8. PrintWriter textStream = new PrintWriter("dobedo");
9. Scanner inputStream = new Scanner(new File("dobedo"));
 #PUINFUIPETSFUVSOBWBMVFPGUZQFString.
11. The code for the following program is included with the source code for
UIJTCPPLBWBJMBCMFPOUIF8FC
import java.io.File;
import java.util.Scanner;
public class Question11
{
public static void main(String[] args)
{
System.out.print("Enter a file name and I will ");
System.out.println("tell you whether it exists.");
Scanner keyboard = new Scanner(System.in);
String name = keyboard.next();
File fileObject = new File(name);
if (fileObject.exists())
{
System.out.println("I found the file " + name);
System.out.println("Delete the file?");
String ans = keyboard.next();
if (ans.equalsIgnoreCase("yes"))
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{
System.out.println("If you delete the file " +
name);
System.out.println("all data in the file " + "will
be lost.");
System.out.println("Delete?");
ans = keyboard.next();
if (ans.equalsIgnoreCase("yes"))
{
if (fileObject.delete())
System.out.println("File deleted.");
else
System.out.println("Can't delete.");
}
else
System.out.println("File not deleted.");
}
else
System.out.println("File not deleted.");
}
else
System.out.println("I cannot find " + name);
}
}

 ObjectOutputStream toFile = new ObjectOutputStream(
new FileOutputStream("stuff.data"));

13. toFile.writeDouble(x1);
toFile.writeDouble(x2);
toFile.writeDouble(x3);

 toFile.close();
15. import java.io.FileOutputStream;
import java.io.ObjectOutputStream;
import java.io.FileNotFoundException;
import java.io.IOException;

16. ObjectInputStream fromFile = new ObjectInputStream(
new FileInputStream("stuff.data"));

17. double x1 = fromFile.readDouble();
double x2 = fromFile.readDouble();
double x3 = fromFile.readDouble();

18. fromFile.close();
19. No. If a number is written to a file using writeInt, it should be read only
by readInt. If you use readLong or readDouble to read the number, something will go wrong.
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 :PVTIPVMEOPUVTF readUTF to read a string from a text file. You should
use readUTFPOMZUPSFBEBTUSJOHGSPNBCJOBSZGJMF.PSFPWFS UIFTUSJOH
TIPVMEIBWFCFFOXSJUUFOUPUIBUGJMFVTJOHwriteUTF.
 5IFGPMMPXJOHQSPHSBNJTJODMVEFEXJUIUIFTPVSDFDPEFGPSUIJTCPPLBWBJMBCMFPOUIF8FC
import java.io.FileInputStream;
import java.io.FileNotFoundException;
import java.io.ObjectInputStream;
import java.io.IOException;
import java.util.Scanner;
public class Question21
{
public static void main(String[] args)
{
//To use fileName in a catch block,
//declare it outside of the try block
String fileName = null;
try
{
System.out.println("Enter file name:");
Scanner keyboard = new Scanner(System.in);
fileName = keyboard.next();
ObjectInputStream inputStream =
new ObjectInputStream(
new FileInputStream(fileName));
System.out.println("The first thing in the file");
System.out.println(fileName + " is");
String first = inputStream.readUTF();
System.out.println(first);
inputStream.close();
}
catch(FileNotFoundException e)
{
System.out.println("Problem opening the file "+
"fileName);
}
catch(EOFException e)
{
System.out.println("Unexpected end of file.");
}
catch(IOException e)
{
System.out.println("Problem with input from "+
" file fileName);
}
}
}
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 *UXJMMOPUXPSL CFDBVTFOPDPOTUSVDUPSPG ObjectInputStream has a parameter of type String. The correct way to accomplish the desired effect is
by using
ObjectInputStream inputStream = new ObjectInputStream(
new FileInputStream("mydata.dat"));

 5IFDMBTT FileInputStreamEPFTOPUIBWFBOZPGUIFNFUIPET readInt,
readDouble, or readUTF.
 :FT
 /P
 8IFOPQFOJOHBCJOBSZGJMFGPSFJUIFSPVUQVUPSJOQVUJOUIFXBZTEJTDVTTFE
in this chapter, a FileNotFoundException and other IOExceptions can be
thrown.
 "OEOFException will be thrown.
 #FDBVTFXIFOUIFFOEPGUIFGJMFJTSFBDIFE BOFYDFQUJPOXJMMCFUISPXO 
and that will end the entire try block.
 5IFGPMMPXJOHQSPHSBNJTJODMVEFEXJUIUIFTPVSDFDPEFGPSUIJTCPPLBWBJMBCMFPOUIF8FC
import java.io.ObjectInputStream;
import java.io.EOFException;
import java.io.IOException;
public class Question29
{
public static final String FILE_NAME = "temperatures.dat";
public static void main(String[] args)
{
try
{
ObjectInputStream inputStream =
new ObjectInputStream(
new FileInputStream(FILE_NAME));
System.out.println("Numbersfromthefile " +
FILE_NAME + ":");
try
{
while (true)
{
double number = inputStream.readDouble();
System.out.println(number);
}
}
catch(EOFException e)
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{
//Do nothing
}
System.out.println("End of reading from file.");
inputStream.close();
}
catch(IOException e)
{
System.out.println("Problem reading from file.");
}
}
}

30. You add the two words implementsSerializable to the heading of the
DMBTTEFGJOJUJPO"OZPCKFDUTUIBUBSFJOTUBODFWBSJBCMFTPGUIFDMBTTNVTU
belong to a serializable class.
31. The return type is Object XIJDINFBOTUIBUUIFSFUVSOFEWBMVFVTVBMMZ
OFFETUPCFUZQFDBTUUPJUTiUSVFwDMBTT
 InvalidClassException, NotSerializableException, and IOException.
33. ClassNotFoundException, InvalidClassException, StreamCorrupted
Exception, OptionalDataException, and IOException.
 :FT JUJTQFSGFDUMZMFHBM5SZJU
 5IJTXPVMEOPUCFHPPETUZMF CVUJOUIJTDBTFJUJTOPUFWFOQPTTJCMF:PV
can add the throws clause to the method showFirstLine and eliminate
the try and catchCMPDLTJOUIBUNFUIPE)PXFWFS ZPVXPVMEUIFOIBWF
to catch the exception in the method actionPerformed. You cannot add a
throws clause to the method actionPerformed4FFUIF(PUDIBTFDUJPOBU
UIFFOEPGUIFHSBQIJDTTVQQMFNFOUPG$IBQUFSFOUJUMFEi"throws Clause
Is Not Allowed in actionPerformedw5IFSFBSFOPPUIFScatch blocks to
eliminate.
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There are two kinds of people in the world; those who divide the world into
two kinds of people and those who do not.
"/0/:.064

Many people believe that you should never define anything in terms of itself.
That would be a kind of circularity, they say. However, there are situations in
which it is both possible and useful to define a method in terms of itself. If you
do it correctly, it need not even be circular. Java permits you to, in some sense,
define a method in terms of itself. More precisely, a Java method definition can
contain an invocation of the very method being defined. That is, a method can
call itself. Such methods are the subject of this chapter.

OBJECTIVES
After studying this chapter, you should be able to
t %FTDSJCFUIFDPODFQUPGSFDVSTJPO
t 6TFSFDVSTJPOBTBQSPHSBNNJOHUPPM
t %FTDSJCF BOE VTF UIF SFDVSTJWF GPSN PG UIF CJOBSZ TFBSDI BMHPSJUIN UP
search an array for a particular element
t %FTDSJCFBOEVTFUIFNFSHFTPSUBMHPSJUINUPTPSUBOBSSBZ

PREREQUISITES
Most of this chapter requires only Chapters 1 through 6. Only the last two
sections of the chapter—the case study “Binary Search” and the programming
example “Merge Sort—A Recursive Sorting Method” require knowledge of any
additional material. Those two sections require that you know about arrays,
which are covered in Chapter 7.

11.1 THE BASICS OF RECURSION
coral n. 2: A piece of coral
—MERRIAM-WEBSTER ONLINE DICTIONARY

The TTP Project
—DILBERT

It often turns out that a natural way to design an algorithm involves using the
same algorithm on one or more subcases. For example, the following is an
outline of an algorithm for searching for a name in a phone book: Open the
800
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phone book to the middle of the book. If the name is on that page, you are
done. If the name is alphabetically before that page, search the first half of the
book. If the name is alphabetically after that page, search the second half of
the book. Searching half of the phone book is a smaller version of the original
task of searching the entire phone book.
Whenever an algorithm has one subtask that is a smaller version of the entire
algorithm’s task, it is said to be recursive. You can use a recursive algorithm to
write a recursive method in Java. A recursive method contains an invocation of
itself. That invocation is called a recursive call, or recursive invocation.
Of course, you must define a recursive method in the right way, or your
Java code will cause problems, but the goal of this chapter is to show you the
right way. The general topic of recursive methods is called recursion.
We begin with a simple example that illustrates recursion in Java. Given
an integer variable num, we would like to output all of the numbers from
num down to 1. If num is less than 1, then a newline should be printed. For
example, if num is 3, then our program should output:

801

A recursive
method calls itself

321

Such a program can obviously be written with a simple for loop. The for
loop is the preferred method for this problem, but we will provide a recursive
countDown method to illustrate how recursion works for a simple example.
Later in this chapter, we will see other problems for which recursion is the
more elegant and preferred solution.
First, consider the simplest instance of our problem. This is usually the
case when the inputs to the problem are the simplest or smallest values
possible and can generally be solved with a straightforward solution. In our
problem, the simplest input possible is when the input num is less than 1. In
this case, all we need to do is print a blank line. This case is called a base case,
or stopping case—that is, a case containing no recursive calls. As we will see,
when this case occurs recursion will end. Additionally, unless this simple case
is made to work correctly, no other case will work correctly.
Code for a method implementing the base case for our countdown
problem is simple:
public static void countDown(int num)
{
if (num <= 0)
{
System.out.println();
}
}

This method handles the base case, but not the more interesting case
when num is 1 or more. To solve this recursively we have to break the problem
up into a smaller version of the same problem. This means rephrasing the
problem in terms of a method call back to countDown. Let’s say that num equals
3. In other words, we have invoked countDown(3). We want to output “321”.

A base or
stopping case
must be reached
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This is the same as outputting “3” followed by “21”. But outputting “21” is
what countDown(2) should output! Our algorithm to solve this becomes:
t 0VUQVU
t $BMMcountDown(2)—which is responsible for outputting 21
In turn, countDown(2) can repeat the same process:
t 0VUQVU
t $BMMcountDown(1)—which is responsible for outputting 1
In turn, countDown(1) can repeat the same process:
t 0VUQVU
t $BMMcountDown(0)—which is responsible for outputting a newline
When countDown(0) is invoked, this executes the base case which prints a
newline and ends the recursive method calls.
For an arbitrary value in num the recursive solution becomes:
t 0VUQVU num
t $BMMcountDown(num-1)—which is responsible for counting from num-1 to 1
A complete program with the algorithm implemented in Java is shown in
Listing 11.1.
LISTING 11.1 Recursive Countdown Method
public class RecursiveCountdown
{
public static void main(String[] args)
{
countDown(3);
}
public static void countDown(int num)
{
if (num <= 0)
{
System.out.println();
}
else
{
System.out.print(num);
countDown(num - 1);
}
}
}

Sample Screen Output
321

FIGURE 11.1 Recursive Calls for the countDown Method
countDown(3);

3

public static void countDown(int num)
{
if (num <= 0)
{
System.out.println();
}
else
{
System.out.print(num);
countDown(num – 1);
}
}

2

public static void countDown(int num)
{
if (num <= 0)
{
System.out.println();
}
else
{
System.out.print(num);
countDown(num – 1);
}
}

Console Output
3

1
public static void countDown(int num)
{
if (num <= 0)
{
System.out.println();
}
else
{
System.out.print(num);
countDown(num – 1);
}
}

0

public static void countDown(int num)
{
if (num <= 0)
{
System.out.println();
}
else
{
System.out.print(num);
countDown(num – 1);
}
}

2

1
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Recursion is possible because every call to countDown results in a distinct
variable num that is local to the method for which it is invoked. Figure 11.1
illustrates the sequence of recursive calls and shows how num is passed from
one method to the next.
RECAP Recursive Methods
A recursive method calls itself. That is, a recursive method is one whose
definition contains an invocation of itself.

CASE STUDY Digits to Words
In this case study, we will define a method that takes a single integer as an
argument and displays the digits of that integer as words. For example, if the
argument is the number 223, the method should display
two two three

The heading of our method can be
/**
Precondition: number >= 0
Displays the digits in number as words.

*/
public static void displayAsWords(int number)
Single digits
do not need
recursion

If the number is only a single digit, you can use a long switch statement to
decide which word to use for the digit; you don’t need recursion. Let’s delegate
this task to a private method, getWordFromDigit, that displayAsWords can
call. We can specify this private method as follows:
// Precondition: 0 <= digit <= 9
// Returns the word for the argument digit.
private static String getWordFromDigit(int digit)

Break the task
into subtasks

Thus, when digit is 0, getWordFromDigit returns "zero", when digit
is 1, the method returns "one", and so forth.
If the number has more than one digit, we can break our task into
subtasks in many ways. Some of these ways lend themselves to a solution that
uses recursion, and some do not. One good way to decompose this task into
two subtasks, so that you can solve one of the subtasks immediately, and so
that the other lends itself to the use of recursion, is as follows:
 %JTQMBZBMMEJHJUTCVUUIFMBTUPOFBTXPSET
 %JTQMBZUIFMBTUEJHJUBTBXPSE
The first subtask is a smaller version of the original problem. It is, in fact,
the exact same problem as the one we started with, except that the number
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in question is smaller—in particular, it contains fewer digits. Therefore,
you can accomplish the first subtask by calling the very method we are
defining. The second subtask is accomplished by a call to the private method
getWordFromDigit. This scenario suggests the following refinement of our
previous two steps:
Algorithm for displayAsWords(number)

1. displayAsWords(number after deleting its last digit );
2. System.out.print(getWordFromDigit( last digit of number) + " ");
How do we remove the last digit of a number so we can perform step 1
yet retain that digit for step 2? Let’s consider an example. Suppose we choose a
number that has more than one digit, like 987. We need to break this number
into two parts, 98 and 7. We can use integer division by 10 to accomplish this
task. For example, 987 / 10 is 98, and 987 % 10 is 7. Thus, our algorithm
leads us to the following Java code:

A recursive
subtask

displayAsWords(number / 10);
System.out.print(getWordFromDigit(number % 10) + " ");

6TJOHUIFTFTUBUFNFOUTBTUIFCPEZPGUIFNFUIPEdisplayAsWords, we get the
following definition:
public static void displayAsWords(int number)
//Not quite right
{

A recursive
method, but it
ignores the onedigit case

displayAsWords(number / 10);
System.out.print(getWordFromDigit(number % 10) + " ");
}

As the comment indicates, however, this method will not quite work.
The method is recursive and uses the right basic idea, but it has one big
problem: The preceding definition assumes that the argument number is more
than one digit long. You need to make a special case for numbers that are only
one digit long. This observation leads us to revise the method definition as
follows:
public static void displayAsWords(int number)
{
if (number < 10)
System.out.print(getWordFromDigit(number) + " ");
else//number has two or more digits
{
displayAsWords(number / 10);
System.out.print(getWordFromDigit(number % 10) + " ");
}
}

The correct
recursive method
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A recursive
call must solve
a “smaller”
problem

One case must
not involve
recursion

The recursive call displayAsWords(number / 10) has an argument
whose value is smaller than number, the argument to the preceding call to
displayAsWords. It is important that a recursive call within a method solve
a “smaller” version of the original problem (using some intuitive notion of
“smaller,” which we will make clearer before the end of this chapter).
As you will see in the next section, the successful execution of a recursive
method, such as displayAsWords, requires that the simplest (base) case not
involve a recursive call. In the definition of displayAsWords, this base case is a
one-digit number, which is handled as follows:
if (number < 10)
System.out.print(getWordFromDigit(number) + " ");

No recursive call occurs in this case.
The definition of the method displayAsWords is now complete. Listing
11.2 shows the method embedded in a demonstration program.

LISTING 11.2 A Recursion Program for Digits to Words
(part 1 of 2)
import java.util.Scanner;
public class RecursionDemo
{
public static void main(String[] args)
{
System.out.println("Enter an integer:");
Scanner keyboard = new Scanner(System.in);
int number = keyboard.nextInt();
System.out.println("The digits in that number are:")
displayAsWords(number);
System.out.println();
System.out.println("If you add ten to that number,")
System.out.println("the digits in the new number are:")
number = number + 10;
displayAsWords(number);
System.out.println();
}
/**
Precondition: number >= 0
Displays the digits in number as words.
*/
public static void displayAsWords(int number)
{
if (number < 10)
System.out.print(getWordFromDigit(number) + " ")

(continued)
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LISTING 11.2

A Demonstration of Recursion (part 2 of 2)

else //number has two or more digits
{
Recursive call
displayAsWords(number / 10);
System.out.print(getWordFromDigit(number) + " ")
}
}
// Precondition: 0 <= digit <= 9
// Returns the word for the argument digit.
private static String getWordFromDigit(int digit)
{
String result = null;
switch (digit)
{
case 0: result = "zero"; break;
case 1: result = "one"; break;
case 2: result = "two"; break;
case 3: result = "three"; break;
case 4: result = "four"; break;
case 5: result = "five"; break;
case 6: result = "six"; break;
case 7: result = "seven"; break;
case 8: result = "eight"; break;
case 9: result = "nine"; break;
default:
{
System.out.println("Fatal Error.");
System.exit(0);
}
}
return result;
}
}

Sample Screen Output
Enter an integer:
987
The digits in that number are:
nine eight seven
If you add ten to that number,
the digits in the new number are:
nine nine seven
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How Recursion Works
Exactly how does the computer handle a recursive call? To see the details,
consider the following invocation of the method displayAsWords:
displayAsWords(987);

The effect of the
original call to
the method

Although the definition of displayAsWords in Listing 11.2 contains a recursive
call, Java does nothing special to handle this or any other invocation of
displayAsWords. The value of the argument 987 is copied into the method’s
parameter number and the resulting code executes. This code is equivalent to
the following:
{//Code for invocation of displayAsWords(987)
if (987 < 10)
System.out.print(getWordFromDigit(987) + " ");
else//987 has two or more digits
{
displayAsWords(987 / 10);
System.out.print(getWordFromDigit(987 % 10) + " ");
}
}

Because 987 is not less than 10, the compound statement after the
else executes. This compound statement starts with the recursive call
displayAsWords(987 / 10). The rest of the compound statement cannot

The effect of the
first recursive call

execute until this recursive call is completed. Note that this would be true
even if the method was calling another method, rather than calling itself
recursively. So the execution of the code for displayAsWords(987) is
suspended and waits for the execution of displayAsWords (987 / 10) to
complete. When execution of the recursive call completes, the suspended
computation resumes. That is, the rest of the compound statement executes.
The new recursive invocation, displayAsWords(987 / 10), is handled
just like any other method invocation: The value of the argument 987 / 10
is copied into the parameter number, and the resulting code is executed. Since
the value of 987 / 10 is 98, the resulting code is equivalent to the following:
{//Code for invocation of displayAsWords(98)
if (98 < 10)
System.out.print(getWordFromDigit(98) + " ");
else//98 has two or more digits
{
displayAsWords(98 / 10);
System.out.print(getWordFromDigit(98 % 10) + " ");
}
}

Once again, the argument to the method—98 this time—is not less
than 10, so the execution of this new code involves a recursive call, namely,
displayAsWords(98 / 10). At that point, the preceding computation is
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suspended and waits for this recursive call to complete. The value of the parameter
number is the value of 98 / 10, or 9, and the following code begins execution:
{//Code for invocation of displayAsWords(9)
if (9 < 10)
System.out.print(getWordFromDigit(9) + " ");
else//9 has two or more digits
{
displayAsWords(9 / 10);
System.out.print(getWordFromDigit(9 % 10) + " ");
}
}
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The effect of the
second recursive
call

Because 9 is indeed less than 10, only the first part of the if-else statement,
System.out.print(getWordFromDigit(9) + " ");

is executed. This case is called a base case, or stopping case—that is, a case
containing no recursive calls. A quick look at the definition of the method
getWordFromDigit shows that the string "nine" is displayed on the screen.
The invocation of displayAsWords(98 / 10) is now complete.
At this point, the suspended computation, shown here, can resume after
the position indicated by the arrow:
{//Code for invocation of displayAsWords(98)
if (98 < 10)
System.out.print(getWordFromDigit(98) + " ");
else //98 has two or more digits
{
Recursive call
displayAsWords(98 / 10);
System.out.print(getWordFromDigit(98 % 10) + " ");
}
}

A base or
stopping case
must be reached
Continuing
execution after
the last recursive
call finishes

Thus, the statement
System.out.print(getWordFromDigit(98 % 10) + " ");

executes—causing the string "eight" to be displayed on the screen—and ends
the invocation of the recursive call displayAsWords(98).
Stay with us, dear reader! The process is almost over. We have only one
more suspended computation waiting to be completed, and it is shown in the
code that follows:
{//Code for invocation of displayAsWords(987)
if (987 < 10)
System.out.print(getWordFromDigit(987) + " ");
else //987 has two or more digits
{
Recursive call
displayAsWords(987 / 10);
System.out.print(getWordFromDigit(98 % 10) + " ");
}
}

Continuing
execution after
the next-to-last
recursive call
finishes
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The computation resumes after the position indicated by the arrow, and the
following code executes:
System.out.print(getWordFromDigit(987 % 10) + " ");

This statement causes "seven" to be displayed on the screen, and the entire
process ends. The sequence of recursive calls is illustrated in Figure 11.2.
FIGURE 11.2 Executing a Recursive Call
displayAsWords(987) is equivalent to executing:
{//Code for invocation of displayAsWords(987)
if (987 < 10)
System.out.print(getWordFromDigit(987) + " ");
else //987 has two or more digits
Computation waits
{
here for the completion
of the recursive call.
displayAsWords(987 / 10);
System.out.print(getWordFromDigit(987 % 10) + " ");
}
}

displayAsWords(987/10) is equivalent to displayAsWords(98),which is
equivalent to executing:
{//Code for invocation of displayAsWords(98)
if (98 < 10)
System.out.print(getWordFromDigit(98) + " ");
else //98 has two or more digits
Computation waits
here for the completion
{
of the recursive call.
displayAsWords(98 / 10);
System.out.print(getWordFromDigit(98 % 10) + " ");
}
}

displayAsWords(98/10) is equivalent to displayAsWords(9),which is
equivalent to executing:
{//Code for invocation of displayAsWords(9)
if (9 < 10)
System.out.print(getWordFromDigit(9) + " ");
else //9 has two or more digits
Another recursive call
{
does not occur.
displayAsWords(9 / 10);
System.out.print(getWordFromDigit(9 % 10) + " ");
}
}

11.1 The Basics of Recursion
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Note that nothing special happens when an invocation of a recursive
method executes. Argument values are copied to parameters, and the code in
the method definition executes, just as it would for any method invocation.

REMEMBER Keys to Successful Recursion
A definition of a method that includes a recursive invocation of the method
itself will not behave correctly unless you follow some specific design
guidelines. The following rules apply to most cases that involve recursion:
■ The heart of the method definition must be an if-else statement or some
other branching statement that leads to different cases, depending on some
property of a parameter of the method.
■

One or more of the branches should include a recursive invocation of the
method. These recursive invocations must, in some sense, use “smaller” arguments or solve “smaller” versions of the task performed by the method.

■

One or more branches must include no recursive invocations. These branches
are the base cases, or stopping cases.

RECAP Base (Stopping) Cases
Base cases must be designed so that they terminate every chain of
recursive calls. A method invocation can produce a recursive invocation
of the same method, and that invocation may produce another recursive
invocation, and so forth for some number of recursive calls, but every
such chain must eventually lead to a base case that ends with no recursive
invocation. Otherwise, an invocation of the method might never end (or
might not end until the computer runs out of resources).
A typical recursive method definition includes an if-else statement or
other branching statement that chooses among one or more cases that each
include a recursive call of the method and one or more cases that each end the
method invocation without any recursive invocation. Every chain of recursive
calls must eventually lead to one of those nonrecursive, or base, cases.
The most common way to ensure that a base case is always reached
is to make all the recursive invocations of the method use a “smaller”
argument. For example, consider the method displayAsWords given in
Listing 11.2. Its parameter is number, and the parameter to the method’s
recursive invocation is the smaller value number/10. In this way, the recursive
invocations in a chain of recursive calls each have a smaller argument.
Because the definition of this method has a base case for any one-digit
argument, we know that, eventually, a base case is always reached.

VideoNote
Writing void methods
that are recursive
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Infinite Recursion
An example of
infinite recursion

Consider the method displayAsWords defined in the previous section.
Suppose we had been careless and had defined it as follows:
public static void displayAsWords(int number)//Not quite right
{
displayAsWords(number / 10);
System.out.print(getWordFromDigit(number % 10) + " ");
}

In fact, we almost did define it this way, until we noticed an omitted case.
Suppose, however, that we did not notice the omitted case and used this
shorter definition. Let’s quickly trace the computation of the recursive call
displayAsWords(987).
The method invocation displayAsWords(987) produces the recursive call
displayAsWords(987 / 10),

which

is equivalent to displayAsWords(98).
displayAsWords(98) produces the recursive call

The

invocation

of

displayAsWords(98 / 10),

which is equivalent to displayAsWords(9). Because our incorrect version of
displayAsWords has no special case for one-digit numbers, the invocation of
displayAsWords(9) produces the recursive call
displayAsWords(9 / 10),

which

is equivalent to displayAsWords(0).
displayAsWords(0) produces the recursive call

The

invocation

of

displayAsWords(0 / 10),

which is equivalent to displayAsWords(0).
Now the problem becomes apparent: The invocation of displayAsWords(0)
produces another invocation of displayAsWords(0), which produces yet
another invocation of displayAsWords(0), and so forth forever—or until your
computer runs out of resources. This situation is called infinite recursion.
Note that the preceding definition of displayAsWords is incorrect only
in the sense that it performs the wrong computation. It is not illegal. The
Java compiler will accept this definition of displayAsWords—and any similar
recursive method definition that does not have a case to stop the series of
recursive calls. However, unless your recursive definition ensures that a base
case will, in fact, be reached, you will get an infinite chain of recursive calls,
causing your program either to run forever or to end abnormally.
In order for a recursive method definition to work correctly and not
produce an infinite chain of recursive calls, there must be one or more cases—
the base cases—that, for certain values of the argument(s), will end without
producing any recursive call. The correct definition of displayAsWords, given
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in Listing 11.2, has one base case, which is highlighted in the following
code:
public static void displayAsWords(int number)
Base case
{
if (number < 10)
System.out.print(getWordFromDigit(number) + " ");
else //number has two or more digits
{
displayAsWords(number / 10);
System.out.print(getWordFromDigit(number % 10) + " ");
}
}

GOTCHA

Stack Overflow

When a method invocation leads to infinite recursion, your program is likely
to end with an error message that mentions a “stack overflow.” The term stack
refers to a data structure that is used to keep track of recursive calls—and other
things as well.
The system maintains a record within the computer’s memory of each
recursive call. You can imagine these records as pieces of paper. The system
“stacks” these papers one on top of the other. When this stack becomes too
large for it to fit in the available memory, a stack overflow occurs.
■

S E L F-TE S T QU E S TIO N S
1. What output will be produced by the following code?
public class Question1
{
public static void main(String[] args)
{
methodA(3);
}
public static void methodA(int n)
{
if (n < 1)
System.out.println('B');
else
{
methodA(n - 1);
System.out.println('R');
}
}
}
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2. What is the output produced by the following code?
public class Question2
{
public static void main(String[] args)
{
methodB(3);
}
public static void methodB(int n)
{
if (n < 1)
System.out.println('B');
else
{
//The following two lines are in the reverse of
//their order in Self-Test Question 1.
System.out.println('R');
methodB(n - 1);
}
}
}

3. Write a recursive definition for the following method:
/**
Precondition: n >= 1.
Displays the symbol '#' n times on one line
and then advances to the next line.
*/
public static void displaySharps(int n)

For example, the call displaySharps(3) is equivalent to
System.out.println("###");

If you have trouble writing this method, simplify it so that the output
does not advance to the next line. For that simpler case, you need not
worry about the distinction between print and println. In the simpler
case, you use only print. After doing the simpler case, try to do the
exercise as stated.

Recursive Methods Versus Iterative Methods
Any method definition that includes a recursive call can be rewritten so that it
accomplishes the same task without using recursion. For example, Listing 11.3
contains a revision of the program in Listing 11.2 in which the definition of
displayAsWords does not use recursion. Both versions of displayAsWords
perform the exact same action—that is, they write the same output to the
screen. As is the case here, the nonrecursive version of a method definition
typically involves a loop instead of recursion. A nonrecursive repetitive process
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is called iteration,1 and a method that implements such a process is called an
iterative method.
LISTING 11.3 An Iterative Version of displayAsWords
import java.util.scanner;
public class IterativeDemo
{
public static void main(String[] args)
<The rest of main is the same as Listing 11.2.>
/**
Precondition: number >= 0
Displays the digits in number as words.
*/
public static void displayAsWords(int number)
{
int divisor = getPowerOfTen(number);
int next = number;
while (divisor >= 10)
{
System.out.print(getWordFromDigit(next / divisor) +
" ");
next = next % divisor
divisor = divisor / 10
}
System.out.print(getWordFromDigit(next / divisor) + " ");
}
// Precondition: n >= 0.
// Returns 10 raised to the power n.
private static int getPowerOfTen(int n)
{
int result = 1;
while (n >= 10)
{
result = result * 10;
n = n / 10;
}
result result;
}
private static String getWordFromDigit(int digit)
<The rest of getWordFromDigit is the same as in Listing 11.2.>
}

Screen Output
The output is exactly the same as in Listing 11.2.
Note that Chapter 4 defines an iteration as one repetition of a loop. The term also has
the definition we introduce here.

1
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A recursive method uses more storage space than an iterative version of
the method, because of the overhead to the system that results from tracking
the recursive calls and suspended computations. This overhead can make a
recursive method run slower than a corresponding iterative one. Sometimes
the extra time necessary for a particular recursive method is so large that
recursion should not be used. For example, the Fibonacci numbers introduced
in Programming Project 7 at the end of this chapter should never be computed
recursively. In other situations, however, recursion is perfectly acceptable
and can make your code easier to understand. Indeed, there are times when
recursion can be a big aid in terms of program clarity.

Recursive Methods That Return a Value
A recursive method can be a void method, as you have seen, or it can be a
method that returns a value. You design a recursive method that returns a
value in essentially the same way that you design a recursive void method.
That is, you follow the design guidelines given earlier in this chapter on page
761. We can clarify the second guideline so that it accounts for returned values
by adding the italicized words in the following:
One or more of the branches should include a recursive invocation of the
method that leads to the returned value. These recursive invocations must,
in some sense, use “smaller” arguments or solve “smaller” versions of the
task performed by the method.
Facts that can
be used to solve
this problem
recursively

The recursive method getNumberOfZeros defined in Listing 11.4 returns
a value. It returns the number of zeros in the integer given as an argument.
For example, getNumberOfZeros(2030) returns 2, because 2030 contains two
zero digits. Let’s look at how this method works.

LISTING 11.4 A Recursive Method That Returns a Value
(part 1 of 2)
import java.util.Scanner;
public class RecursionDemo2
{
public static void main(String[] args)
{
System.out.println("Enter a nonnegative number:");
Scanner keyboard = new Scanner(System.in);
int number = keyboard.nextInt();
System.out.println(number + " contains " +
getNumberOfZeros(number) + " zeros.");
}

(continued)
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LISTING 11.4 A Recursive Method That Returns a Value
(part 2 of 2)
/**
Precondition: n >=0
Returns the number of zero digits in n.
*/
public static int getNumberOfZeros(int n)
{
int result;
if (n == 0)
result = 1;
else if (n < 10)
result = 0; //n has one digit that is not 0
else if (n % 10 == 0)
result = getNumberOfZeros(n / 10) + 1;
else //n % 10 !=0
result = getNumberOfZeros(n / 10);
return result;
}
}

Sample Screen Output
Enter a nonnegative number:
2008
2008 contains 2 zeros.

The definition of the method uses the following simple facts:
t *Gn contains only one digit, the number of zero digits in n is 1 if n is zero
and 0 if n is not zero.
t *Gn contains two or more digits, let d be its last digit and m be the integer
left after removing the last digit from n. The number of zero digits in n is
the number of zeros in m plus 1 if d is zero.
For example, the number of zeros in 20030 is the number of zeros in 2003
plus 1 for the last zero. The number of zeros in 20035 is the number of
zeros in 2003 without adding anything, because the extra digit is not zero.
With this definition in mind, let’s go through a simple computation using
getNumberOfZeros.
First, consider the simple expression
getNumberOfZeros(0)

which might occur as the right-hand side of some assignment statement.
When the method is called, the value of the parameter n is set equal to 0, and
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the code in the body of the method definition is executed. Because the value
of n is equal to 0, the first case of the multiway if-else statement applies, and
the value returned is 1.
Next, consider another simple expression:
getNumberOfZeros(5)

When the method is called, the value of the parameter n is set equal to 5, and
the code in the body of the method definition is executed. Since the value of
n is not equal to 0, the first case of the multiway if-else statement does not
apply. The value of n is, however, less than 10, so the second branch of the
multiway if-else statement applies, and the value returned is 0. As you can
see, these two simple cases work out correctly.
Now let’s look at an example that involves a recursive call. Consider the
expression
getNumberOfZeros(50)

When the method is called, the value of n is set equal to 50, and the code
in the body of the method definition is executed. Since this value of n is
not equal to 0 and is not less than 10, neither of the first two branches of
the multiway if-else statement applies. 50 % 10 is 0, so the third branch
applies. Thus, the value returned is
getNumberOfZeros(n / 10) + 1

which in this case is equivalent to
getNumberOfZeros(50 / 10) + 1

which, in turn, is equivalent to
getNumberOfZeros(5) + 1

We saw earlier that getNumberOfZeros(5) returns 0, so the value returned by
getNumberOfZeros(50) is 0 + 1, or 1, which is the correct value.
Larger numbers will produce longer chains of recursive calls. For example,
consider the expression
getNumberOfZeros(2008)
A trace of
recursive calls

The value of this expression is calculated as follows:
getNumberOfZeros(2008) is getNumberOfZeros(200) + 0
getNumberOfZeros(200) is getNumberOfZeros(20) + 1
getNumberOfZeros(20) is getNumberOfZeros(2) + 1
getNumberOfZeros(2) is 0 (a base case)
getNumberOfZeros(20) is getNumberOfZeros(2) + 1, which is 0 + 1, or 1
getNumberOfZeros(200) is getNumberOfZeros(20) + 1, which is 1 + 1, or 2
getNumberOfZeros(2008) is getNumberOfZeros(200) + 0, which is 2 + 0,

or 2
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Note that when Java reaches the base case, getNumberOfZeros(2), three
computations have been suspended. After calculating the value returned for
the base case, the most recently suspended computation resumes, yielding
the value of getNumberOfZeros(20). After that, each of the other suspended
computations resumes and completes in turn. Each computed value is used
in another suspended computation, until the computation for the original
invocation, getNumberOfZeros(2008), completes. The suspended computations
are completed in an order opposite to the order in which they were suspended.
The final value returned is 2, which is correct, because 2008 has two zero digits.
REMEMBER Do Not Confuse Recursion and Overloading
Do not confuse recursion and overloading. When you overload a method
name, you are giving two different methods the same name. If the
definition of one of these two methods includes a call to the other, that
is not recursion. In a recursive method definition, the definition of the
method includes a call to the exact same method with the exact same
definition, including the same number and types of parameters.

S E L F-TE S T QU E S TIO N S
4. What is the output of the following code?
public class Question4
{
public static void main(String[] args)
{
System.out.println(getMysteryValue(3));
}
public static int getMysteryValue(int n)
{
if (n <= 1)
return 1;
else
return getMysteryValue(n - 1) + n;
}
}

5. Complete the definition of the following method. Your definition should
be recursive. (Hint: 10n is 10n–1 * 10 for n >1.)
/**
Precondition: n >= 0.
Returns 10 to the power n.
*/
public static int computeTenToThe(int n)
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6. Complete the definition of the following method. Your definition should
CF SFDVSTJWF 6OMJLF UIF NFUIPE JO 2VFTUJPO   UIJT NFUIPE EPFT OPU
restrict the sign or value of its argument. You can use the same technique
ZPVVTFEGPS2VFTUJPO CVUZPVTIPVMEIBWFPOFNPSFSFDVSTJWFDBTFGPS
negative exponents. (Hints: 10n is 1/10–n for negative values of n. Also, if n
is negative, –n is positive.)
/**
Precondition: n can be any int.
Returns 10 to the power n.
*/
public static int computeTenToThe(int n)

11.2 PROGRAMMING WITH RECURSION
All short statements about programming techniques are false.
—ANONYMOUS

In this section, we present some programs that illustrate ways to use recursion.

PROGRAMMING EXAMPLE

Insisting That User Input Be
Correct

The program in Listing 11.5 simply requests a positive integer and then counts
down from that integer to zero. The method getCount reads the integer
from the user. Notice that if the user enters a number that is not positive, the
method getCount calls itself. This call starts the input process all over again
from the beginning. If the user enters another incorrect number, another
recursive call occurs, and the input process will start yet again. This procedure
is repeated until the user enters a positive integer. Of course, in practice, not
many recursive calls would be necessary, but they would take place as often
as the user entered bad data. In general, this technique is not recommended
because every invalid entry results in a recursive call. If the user kept making
invalid entries, this would be similar to infinite recursion and could eventually
result in a stack overflow.
LISTING 11.5 Recursion for Starting Over (part 1 of 2)
import java.util.Scanner;
public class CountDown
{
private int count;
public static void main(String[] args)

(continued)
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LISTING 11.5 Recursion for Starting Over (part 2 of 2)
{
CountDown countDowner = new CountDown();
countDowner.getCount();
countDowner.showCountDown();
}
public void getCount()
{
System.out.println("Enter a positive integer:");
Scanner keyboard = new Scanner(System.in);
count = keyboard.nextInt();
if (count <= 0)
{
System.out.println("Input must be positive.");
System.out.println("Try again.");
getCount();//start over
}
}
public void showCountDown()
{
System.out.println("Counting down:");
for (int left = count; left >= 0; left--)
System.out.print(left + ", ");
System.out.println("Blast Off!");
}
}

Sample Screen Output
Enter a positive integer:
0
Input must be positive.
Try again.
Enter a positive integer:
3
Counting down:
3, 2, 1, 0, Blast Off!

S E L F-TE S T QU E S TIO N
7. Revise the method getCount in Listing 11.5 so that it is iterative instead of
recursive.
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CASE STUDY Binary Search
VideoNote
Using recursion to search
and sort an array

Assume a sorted
array

This case study assumes that you have already covered the basics about arrays
given in Chapter 7. We will design a recursive method that tells whether a given
number is or is not in an array of integers. If the sought-after number is in the
array, the method will also give the index of the number’s position in the array.
For example, suppose that the array contains a list of winning lottery
tickets and you want to search the list to see whether you are a winner.
Suppose another array contains the prize amounts for these tickets in an order
that corresponds to the order of the tickets in the first array. Thus, if you know
the index of a winning number, you can use this index to locate the amount of
your winnings in the second array.
In Chapter 7, the section “Searching an Array” discussed a method for
searching an array simply by checking every array position. The method we
develop in this case study will be much faster than that simple sequential
search. However, for this faster method to work, the array must be sorted.
We will assume that the array is already sorted into ascending order and is
completely filled. So if the array is named a, we know that
a[0] ≤ a[1] ≤ a[2] ≤...≤ a[a.length–1]

Specify the
method’s
behavior

Recall that the sequential search does not have this requirement.
Let’s design our method to return an integer that gives the index of the
sought-after number. If the number is not in the array, the method will return
–1. Before we worry about the exact setup of the class and methods and about
connecting the method to an array, we first design some pseudocode to solve
the search problem.
Because the array is sorted, we can rule out whole sections of the array
that could not possibly contain the number we seek. For example, if we are
looking for the number 7 and we know that a[5] contains 9, we know, of
course, that 7 is not equal to a[5]. But we also know much more: Because the
array is sorted, we know that
7 < a[5] ≤ a[i] for i ≥ 5

First-draft
algorithm

So we know that 7 is not equal to a[i] for any value of i that is greater than or
equal to 5. Thus, all the elements a[i] for i≥5 need not be searched. We know
that the sought-after value 7 is not among them without needing to check them.
Similarly, if the sought-after number, 7, were greater than a[5]—for example, if
a[5] were 3 instead of 9—we could rule out all the elements a[i] for i ≤5.
Let’s express these observations as a first-draft algorithm, after replacing
the index 5 in the preceding examples with m:
Algorithm to search a sorted array for the element target (draft 1)

1. m = an index between 0 and (a.length - 1)
2. if (target == a[m])
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3.

return m;

4. else if (target < a[m])
5.

return the result of searching a[0] through a[m - 1]

6. else if (target > a[m])
7.

return the result of searching a[m + 1] through a[a.length - 1]

If a[m] is not the element we seek, we can ignore one part of the array and
search only the other part. Our choice of m affects the size of these two parts. Since
we do not know which part contains a[m], we might as well make the two parts
as equal in size as we can. To do so, we choose m so that a[m] would be at or near
the middle of the array. Thus, we replace step 1 of the previous pseudocode with
1. m = approximate midpoint between 0 and (a.length - 1)
To clarify our algorithm, we can rename the index m as mid.
Notice that each of the two else-if cases searches a segment of the
array. This search is a smaller version of the very task we are designing.
This observation suggests recursion. In fact, the segments of the array can be
searched by using recursive calls to the algorithm itself. Although we need
to write two recursive calls in our algorithm, only one of them will execute
during a given search, because we will be searching only one half of the array.
Thus, if a[mid] is not the element we seek, we would search either
a[0] through a[mid - 1], or
a[mid + 1] through a[a.length - 1]

There is, however, one complication. (Isn’t there always?) To implement
these recursive calls, we need more parameters. These recursive calls specify
that a subrange of the array is to be searched. In the first case, it is the elements
indexed by 0 through mid – 1. In the second case, it is the elements indexed
by mid + 1 through a.length – 1. Thus, we need two extra parameters to
specify the first and last indices of the subrange of the array to be searched.
Let’s call these extra parameters first and last, respectively. We now can
express the pseudocode more precisely as follows:
Algorithm to search a [first] through a [last] of a sorted array for
the element target (draft 2)

1. mid = approximate midpoint between first and last
2. if (target == a[mid])
3.

return mid

4. else if (target < a[mid])
5.

return the result of searching a[first] through a[mid - 1]

Second-draft
algorithm
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6. else if (target > a[mid])
7.

return the result of searching a[mid + 1] through a[last]

If we want to search the entire array, we would set first equal to 0 and
last equal to a.length - 1 initially. But each recursive call will use some
other values for first and last. For example, if the first recursive call made is
the one in step 5, it will set first equal to 0 and last equal to mid – 1.

Final algorithm
for a binary
search

You should always ensure that any recursive algorithm you write will
not produce an infinite recursion by checking whether every possible
invocation of the algorithm will lead to a base case. Consider the three
possibilities in the nested if-else statement. In the first case, the soughtafter number is found in a[mid], and there is no recursive call, so the
process terminates. We have reached the base case. In each of the other
two possibilities, a smaller subrange of the array is searched by a recursive
call. If the sought-after number is in the array, the algorithm will narrow
the range down more and more until it finds the number. But what if the
number is not anywhere in the array? Will the resulting series of recursive
calls eventually lead to a base case if the number is not in the array?
6OGPSUVOBUFMZOPU
The problem is not hard to fix, however. Note that in each recursive call,
either the value of first is increased or the value of last is decreased. If these
two indices ever pass each other in value and first actually becomes larger
than last, we will know that there are no more indices left to check and that
the number target is not in the array. If we add this test to our pseudocode,
we get the following, more complete, pseudocode:
Algorithm to search a [first] through a [last] of a sorted array for
the element target (final version)

1. mid = approximate midpoint between first and last
2. if (first > last)
3.

return -1

4. else if (target == a[mid])
5.

return mid

6. else if(target < a[mid])
7.

return the result of searching a[first] through a[mid - 1]

8. else if(target > a[mid])
9.

return the result of searching a[mid + 1] through a[last]

This way of searching an array is called a binary search. While searching, the
algorithm eliminates one half of the array, then half of what’s left, and so on.
Figure 11.3 provides an example of how this algorithm works.
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FIGURE 11.3 A Binary Search Example
target is 33

Eliminate half of the array elements:
mid

0

1

2

3

4

5

6

7

8

9

5

7

9

13

32

33

42

54

56

88

1. mid = (0 + 9)/2 (which is 4).
2. 33 > a[mid] (that is, 33 > a[4]).
3. So if 33 is in the array, 33 is one of
a[5],a[6],a[7],a[8],a[9].

Eliminate half of the remaining array elements:
mid

5

6

7

8

9

33

42

54

56

88

1. mid = (5 + 9)/2 (which is 7).
2. 33 < a[mid] (that is, 33 < a[7]).
3. So if 33 is in the array, 33 is one of
a[5], a[6].

Eliminate half of the remaining array elements:
mid

5

6

33

42

1. mid = (5 + 6)/2 (which is 5).
2. 33 equals a[mid], so we found 33 at index 5.
33 found in a[5].

Now we need to translate this pseudocode algorithm into Java code. Let’s
name the method binarySearch and place it in a class called ArraySearcher.
The class will have an instance variable to name the array, and the array to
be searched will be given that name by the constructor. Since the method
binarySearch has extra parameters, the user would always have to set them
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The public
method find
calls the
private method
binarySearch
A binary search
is fast

equal to 0 and a.length — 1 in order to specify that the entire array be
searched. To avoid the need to worry about this detail, we add the method
find, which simply calls the method binarySearch. It allows the user simply
to specify the target value and not be concerned about indices. Since the
method binarySearch is now just a helping method, we make it a private
method.
The final code for the class ArraySearcher is shown in Listing 11.6.
A simple program that demonstrates how this class works is given in
Listing 11.7.

LISTING 11.6 A Binary Search Class (part 1 of 2)
/**
Class for searching an already sorted array of integers.
*/
public class ArraySearcher
{
private int[] a;
/**
Precondition: theArray is full and is sorted
from lowest to highest.
*/
public ArraySearcher(int[] theArray)
{
a = theArray;//a is now another name for theArray.
}
/**
If target is in the array, returns the index of an occurrence
of target. Returns -1 if target is not in the array.
*/
public int find(int target)
{
return binarySearch(target, 0, a.length - 1);
}
//Uses binary search to search for target in a[first] through
//a[last] inclusive. Returns the index of target if target
//is found. Returns -1 if target is not found.
private int binarySearch(int target, int first, int last)
{
int result:
if (first > last)
result = -1;
else
{

(continued)
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LISTING 11.6 A Binary Search Class (part 2 of 2)
int mid = (first + last)/2;
if (target == a[mid])
result = mid;
else if (target < a[mid])
result = binarySearch(target, first, mid - 1);
else //(target > a[mid])
result = binarySearch(target, mid + 1, last);
}
return result;
}
}

LISTING 11.7

A Binary Search Demonstration (part 1 of 3)

import java.util.Scanner;
public class ArraySearcherDemo
{
public static void main(String[] args)
{
int[] anArray = new int[10];
Scanner keyboard = new Scanner(System.in);
System.out.println("Enter 10 integers in increasing " +
"order,");
System.out.println("one per line.");
for (int i = 0; i < 10; i++)
anArray[i] = keyboard.nextInt();
System.out.println();
for (int i = 0; i < 10; i++)
System.out.print("a[" + i + "]=" + anArray[i] + " ");
System.out.println();
System.out.println();
ArraySearcher finder = new ArraySearcher(anArray);
String ans;
do
{
System.out.println("Enter a value to search for:");
int target = keyboard.nextInt();
int result = finder.find(target);
if (result < 0)
System.out.println(target + "is not in the array.");
else
System.out.println(target + "is at index" + result);
System.out.println("Again?");
ans = keyboard.next();

(continued)
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LISTING 11.7 A Binary Search Demonstration (part 2 of 3)
} while (ans.equalsIgnoreCase("yes"));
System.out.println(
"May you find what you're searching for.");
}
}

Sample Screen Output
Enter 10 integers in increasing order,
one per line.
0
2
4
6
8
10
12
14
16
18
a[0]=0
a[1]=2 a[2]=4 a[3]=6 a[4]=8 a[5]=10 a[6]=12 a[7]=14
a[8]=16 a[9]=18
Enter a value to search for:
14
14 is at index 7
Again?
yes
Enter a value to search for:
0
0 is at index 0
Again?
yes
Enter a value to search for:
2
2 is at index 1
Again?
yes

(continued)
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LISTING 11.7

A Binary Search Demonstration (part 3 of 3)

Enter a value to search for:
13
13 is not in the arrray.
Again?
no
May you find what you’re searching for.

The binary search algorithm is extremely fast. It eliminates about half the
array from consideration right at the start. It then eliminates another quarter
of the array, then another eighth, and so forth. This process of elimination
means that most of the array need not be searched at all, saving a lot of time.
For example, for an array with 1000 elements, the binary search will need to
compare only about 10 array elements with the target value. By comparison,
a simple serial search could possibly compare all 1000 array elements with
the target value; on average, it will make about 500 comparisons. Searching
an array of 1 million items provides an even more impressive example. A
binary search of 1 million items requires at most 20 comparisons, whereas
a sequential search of the same array would take, on average, 500,000
comparisons and might even need 1 million comparisons.

■ PROGRAMMING TIP

Generalize the Problem

When designing a recursive algorithm, you often need to solve a more general
problem than the one you set out to solve. For example, consider the method
binarySearch in the previous case study. We designed it to search not only
the entire array but also any subrange of the array. This design was necessary
to be able to express the recursive subcases. It is often true that, when you
are designing a recursive algorithm, you must make the problem a bit more
general so that you can easily express the recursive subcases.
■

S E L F-TE S T QU E S TIO N S
8. Will the binary search algorithm work if the array is not sorted?
9. Will the binary search work for an array that has repeated values, or do all
the values need to be different?
10. Suppose you want the class ArraySearcher to work for arrays whose
values are sorted in descending order instead of ascending order. How
would you change the definition of ArraySearcher?
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PROGRAMMING EXAMPLE

Merge Sort—A Recursive
Sorting Method

Some of the most efficient sorting algorithms are easiest to state as recursive
algorithms. One such example is the merge sort algorithm for sorting an array.
In this example, we present a method that implements the merge sort algorithm
to sort an array of int values from smallest to largest. With minor changes, you
can obtain a method to sort an array of items of any type that can be ordered.
Some examples of these changes are discussed in the self-test questions.
Merge sort is an example of a divide-and-conquer algorithm. The array
to be sorted is divided in half, and the two halves of the array are sorted by
recursive calls. That process produces two smaller sorted arrays. The two sorted
arrays are then merged to form a single sorted array with all the elements from
the two smaller arrays. In outline form, the algorithm is as follows:
Merge sort algorithm to sort the array a

1. If the array a has only one element, do nothing (base case). Otherwise,
do the following (recursive case):
2. Copy the first half of the elements in a to a smaller array named firstHalf.
3. Copy the rest of the elements in the array a to another smaller array
named lastHalf.
4. Sort the array firstHalf using a recursive call.
5. Sort the array lastHalf using a recursive call.
6. Merge the elements in the arrays firstHalf and lastHalf into the
array a.

Merging two
sorted arrays into
one sorted array

It is straightforward to implement most of the details of this algorithm as
Java code. However, the merging of the two arrays firstHalf and lastHalf
into a single sorted array a does require some explanation.
The basic idea of the merging algorithm is as follows: The arrays firstHalf
and lastHalf are both sorted from smallest to largest. So the smallest element
in the array firstHalf is firstHalf[0], and the smallest element in the array
lastHalf is lastHalf[0]. Therefore, the smallest of all the elements in both
arrays is the smaller of firstHalf[0] and lastHalf[0]. Move that smallest
element to a[0].
For example, let’s say that the smaller element is lastHalf[0], so that
element gets moved to a[0]. The smallest of the elements left to move to a is
the smaller of firstHalf[0] and lastHalf[1]. Move that element to a[1],
and continue with this process.
The Java code for the merging process will look something like the following:
int firstHalfIndex = 0, lastHalfIndex = 0, aIndex = 0;
while (Some_Condition)
{
if (firstHalf[firstHalfIndex] < lastHalf[lastHalfIndex])
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{
a[aIndex] = firstHalf[firstHalfIndex];
aIndex++;
firstHalfIndex++;
}
else
{
a[aIndex] = lastHalf[lastHalfIndex];
aIndex++;
lastHalfIndex++;
}
}

Now, what is the condition for the while loop? Note that the loop does
not make sense unless both of the arrays firstHalf and lastHalf have
elements left to move. So rather than looping until the array a is full, we must
loop until all the elements in one of the arrays firstHalf or lastHalf have
been completely moved to a. Hence, the while loop condition can be
while ((firstHalfIndex < firstHalf.length) &&
(lastHalfIndex < lastHalf.length))

When this while loop ends, one of the arrays firstHalf or lastHalf has
had all of its elements moved to the array a, and the other might have—in
fact, probably will have—elements left to move to a. These elements are sorted
and are all larger than the elements already moved to a. So all we need to do is
move the elements remaining in the array firstHalf or lastHalf to a.
Listing 11.8 gives the complete Java implementation of the merge sort
algorithm, including the method merge. Listing 11.9 contains a demonstration
program that uses the MergeSort class from Listing 11.8.
LISTING 11.8 The MergeSort Class (part 1 of 3)
/**
Class for sorting an array of integers from smallest to largest
using the merge sort algorithm.
*/
public class MergeSort
{
/**
Precondition: Every indexed variable of the array a has a value.
Postcondition: a[0] <= a[1] <= . . . <= a[a. length - 1].
*/
public static void sort(int[] a)
{
if (a.length >= 2)

(continued)

After the loop,
one array will be
entirely moved
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LISTING 11.8 The MergeSort Class (part 2 of 3)
{
int halfLength = a.length / 2;
int[] firstHalf = new int[halfLength];
int[] lastHalf = new int[a.length - halfLength];
divide(a, firstHalf, lastHalf);
sort(firstHalf);
sort(lastHalf);
merge(a, firstHalf, lastHalf);
}
//else do nothing. a.length == 1, so a is sorted.
}
//Precondition: a.length = firstHalf.length + lastHalf.length.
//Postcondition: All the elements of a are divided
//between the arrays firstHalf and lastHalf.
private static void divide(int[] a, int[] firstHalf,
int[] lastHalf)
{
for (int i = 0); i < firstHalf.length; i++)
firstHalf[i] = a[i];
for (int i = 0; i < lastHalf.length; i++)
lastHalf[i] = a[firstHalf.length + i];
}
//Precondition: Arrays firstHalf and lastHalf are sorted from
//smallest to largest; a. length = firstHalf.length +
//lastHalf.length.
//Postcondition: Array a contains all the values from firstHalf
//and lastHalf and is sorted from smallest to largest.
private static void merge(int[] a, int[] firstHalf,
int[] lastHalf)
{
int firstHalfIndex = 0, lastHalfIndex = 0, aIndex = 0;
while ((firstHalfIndex < firstHalf.length) &&
(lastHalfIndex < lastHalf.length))
{
if (firstHalf[firstHalfIndex] < lastHalf[lastHalfIndex])
{
a[aIndex] = firstHalf[firstHalfIndex];
firstHalfIndex++;
}
else
{
a[aIndex] = lastHalf[firstHalfIndex];
lastHalfIndex++;
}
aIndex++;
}

(continued)
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LISTING 11.8 The MergeSort Class (part 3 of 3)
//At least one of firstHalf and lastHalf has been
//completely copied to a.
//Copy rest of firstHalf, if any.
while (firstHalfIndex < firstHalf.length)
{
a[aIndex] = firstHalf[firstHalfIndex];
aIndex++;
firstHalfIndex++;
}
//Copy rest of lastHalf, if any.
while (lastHalfIndex < lastHalf.length)
{
a[aIndex] = lastHalf[lastHalfIndex];
aIndex++;
lastHalfIndex++;
}
}
}

LISTING 11.9 Demonstration of the MergeSort Class
public class MergeSortDemo
{
public static void main(String[] args)
{
int[] anArray = {7, 5, 11, 2, 16, 4, 18, 14, 12, 30};
System.out.println("Array values before sorting:");
for (int i = 0; i < anArray.length; i++)
System.out.print(anArray[i] + " ");
System.out.println();
MergeSort.sort(anArray);
System.out.println("Array values after sorting:");
for (int i = 0; i < anArray.length; i++)
System.out.print(anArray[i] + " ");
System.out.println();
}
}

Screen Output
Array values before sorting:
7 5 11 2 1 4 18 14 12 30
Array values after sorting:
2 4 5 7 11 12 14 16 18 30
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A merge sort is
fast

The merge sort algorithm is much more efficient than the selection sort
algorithm we presented in Chapter 7. In fact, there is no sorting algorithm
that is “orders of magnitude” more efficient than the merge sort algorithm.
The details of what is meant by “orders of magnitude” are beyond the scope of
this book, but we can hint at its meaning.
There are algorithms that, in practice, are more efficient than the merge
sort algorithm. However, for very large arrays, any of these algorithms
(including the merge sort algorithm) are so much faster than the selection sort
algorithm that the improvement over selection sort is more dramatic than the
differences between these various faster algorithms.

S E L F -TE S T QU ESTI ONS
11. What Java statement will sort the following array, using the class
MergeSort?
int[] myArray = {9, 22, 3, 2, 87, -17, 12, 14, 33, -2};

12. How would you change the class MergeSort so that it can sort an array of
values of type double instead of type int?
13. How would you change the class MergeSort so that it can sort an array of
values of type int into decreasing order, instead of increasing order?
14. If a value in an array of base type int occurs twice—for example, both b[0]
and b[5] are 7—and you sort the array by using the method MergeSort.
sort, will there be one or two copies of the repeated value after the array
is sorted?

CHAPTER SUMMARY
■

If a method definition includes an invocation of the method itself, that
invocation is known as a recursive call. Recursive calls are legal in Java and
can sometimes make a method definition clearer.

■

Whenever an algorithm has one subtask that is a smaller version of the entire
algorithm’s task, you can realize the algorithm as a Java recursive method.

■

To avoid infinite recursion, a recursive method definition should contain
two kinds of cases: one or more cases that include a recursive call and one
or more base (stopping) cases that do not involve any recursive calls.

■

Two good examples of recursive algorithms are the binary search algorithm
and the merge sort algorithm.
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Exercises
1. What output will be produced by the following code?
public class Demo
{
public static void main(String[] args)
{
System.out.println("The output is:");
foo(23);
System.out.println();
}
public static void foo(int number)
{
if (number > 0)
{
foo(number / 2);
System.out.print(number % 2);
}
}
}

2. What output will be produced by the following code?
public class Demo
{
public static void main(String[] args)
{
System.out.println("The output is:");
bar(11156);
System.out.println();
}
public static void bar(int number)
{
if (number > 0)
{
int d = number % 10;
boolean odd = (number / 10) % 2 == 1;
bar(number / 10);
if (odd)
System.out.print(d / 2 + 5);
else
System.out.print(d / 2);
}
}
}

3. Write a recursive method that will compute the number of odd digits in a
number.
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4. Write a recursive method that will compute the sum of the digits in a positive number.
5. Complete a recursive definition of the following method:
/**
Precondition: n >= 0.
Returns 10 to the power n.
*/
public static int computeTenToThe(int n)

6TFUIFGPMMPXJOHGBDUTBCPVUxn:
xn = (xn/2)2 when n is even and positive
xn = x(x(n−1)/2)2 when n is odd and positive
x0 = 1
6. Write a recursive method that will compute the sum of all the values in an
array.
7. Write a recursive method that will find and return the largest value in an
array of integers. (Hint: Split the array in half and recursively find the largest value in each half. Return the larger of those two values.)
8. Write a recursive ternary search algorithm that splits the array into three
parts instead of the two parts used by a binary search.
9. Write a recursive method that will compute cumulative sums in an array.
To find the cumulative sums, add to each value in the array the sum of the
values that precede it in the array. For example, if the values in the array
are [2, 3, 1, 5, 6, 2, 7], the result will be [2, (2) + 3, (2 + 3) + 1, (2 + 3 + 1)
+ 5, (2 + 3 + 1 + 5) + 6, (2 + 3 +1 + 5 + 6) + 2, (2 + 3 + 1 + 5 + 6 + 2) + 7]
or [2, 5, 6, 11, 17, 19, 26]. (Hint: The parenthesized sums in the previous
example are the results of a recursive call.)
10. Suppose we want to compute the amount of money in a bank account
with compound interest. If the amount of money in the account is m, the
amount in the account at the end of the month will be 1.005m. Write a
recursive method that will compute the amount of money in an account
after t months with a starting amount of m.
11. Suppose we have a satellite in orbit. To communicate to the satellite, we
DBOTFOENFTTBHFTDPNQPTFEPGUXPTJHOBMTEPUBOEEBTI%PUUBLFTNJcroseconds to send, and dash takes 3 microseconds to send. Imagine that
we want to know the number of different messages, M(k), that can be sent
in k microseconds.
t *Gk is 0 or 1, we can send 1 message (the empty message)
t *Gk is 2 or 3, we can send 1 message (dot or dash, respectively)
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t * G k is larger than 3, we know that the message can start with either
dot or dash. If the message starts with dot, the number of possible
messages is M(k – 2). If the message starts with dash, the number of
possible messages is M(k – 3). Therefore the number of messages that
can be sent in k microseconds is M(k – 2) + M(k – 3).
Write a program that reads a value of k from the keyboard and displays
the value of M(k), which is computed by a recursive method.
12. Write a recursive method that will count the number of vowels in a string.
(Hint: Each time you make a recursive call, use the String method substring to construct a new string consisting of the second through last characters. The final call will be when the string contains no characters.)
13. Write a recursive method that will remove all the vowels from a given string
and return what is left as a new string. (Hint6TFUIF PQFSBUPSUPQFSGPSN
string concatenation to construct the string that is returned.)
14. Write a recursive method that will duplicate each character in a string and
return the result as a new string. For example, if "book" is the argument,
the result would be "bbooookk".
15. Write a recursive method that will reverse the order of the characters in a
given string and return the result as a new string. For example, if "book" is
the argument, the result would be "koob".
PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
1. Write a static recursive method that returns the number of digits in the
integer passed to it as an argument of type int. Allow for both positive
BOEOFHBUJWFBSHVNFOUT'PSFYBNQMF oIBTUISFFEJHJUT%POPUDPVOU
leading zeros. Embed the method in a program, and test it.
2. Write a static recursive method that returns the sum of the integers in the
array of int values passed to it as a single argument. You can assume that
every indexed variable of the array has a value. Embed the method in a test
program.
3. One of the most common examples of recursion is an algorithm to calculate the factorial of an integer. The notation n! is used for the factorial of
the integer n and is defined as follows:
0! is equal to 1
1! is equal to 1
2! is equal to 2 × 1 = 2
3! is equal to 3 × 2 × 1 = 6

837

838

CHAPTER 11 / Recursion

4! is equal to 4 × 3 × 2 × 1 = 24
...
n! is equal to n × (n – 1) × (n – 2) × … × 3 × 2 × 1
An alternative way to describe the calculation of n! is the recursive formula
n × (n – 1)!, plus a base case of 0!, which is 1. Write a static method that
implements this recursive formula for factorials. Place the method in a
test program that allows the user to enter values for n until signaling an
end to execution.
4. A common example of a recursive formula is one to compute the sum
of the first n integers, 1 + 2 + 3 + … + n. The recursive formula can be expressed as
1 + 2 + 3 + … + n = n + (1 + 2 + 3 + … + (n – 1))

Write a static method that implements this recursive formula to compute
the sum of the first n integers. Place the method in a test program that
allows the user to enter the values of n until signaling an end to execution.
Your method definition should not use a loop to add the first n integers.
5. A palindrome is a string that reads the same forward and backward, such
as "radar". Write a static recursive method that has one parameter of type
String and returns true if the argument is a palindrome and false otherXJTF%JTSFHBSETQBDFTBOEQVODUVBUJPONBSLTJOUIFTUSJOH BOEDPOTJEFS
upper- and lowercase versions of the same letter to be equal. For example,
the following strings should be considered palindromes by your method:
"Straw? No, too stupid a fad, I put soot on warts."
"xyzcZYx?"

VideoNote
Solution to Project 5

Your method need not check that the string is a correct English phrase
or word. Embed the method in a program, and test it. For an additional
challenge, use your palindrome-checking method with the file of English
words described in Programming Project 11 in Chapter 10 to find the
word with the longest palindrome.
6. A geometric progression is defined as the product of the first n integers
and is denoted as
n

geometric(n) =

∏i
i=1

where this notation means to multiply the integers from 1 to n. A
harmonic progression is defined as the product of the inverses of the first
n integers and is denoted as
n

harmonic(n) =

∏ 1i
i-1
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Both types of progression have an equivalent recursive definition:
n-1

∏i
1
1
× ∏i
harmonic(n) =
n
geometric(n) = n ×

i=1

n-1

i=1

Write static methods that implement these recursive formulas to compute
geometric(n) and harmonic(n) %P OPU GPSHFU UP JODMVEF B CBTF DBTF 
which is not given in these formulas, but which you must determine.
Place the methods in a test program that allows the user to compute
both geometric(n) and harmonic(n) for an input integer n. Your
program should allow the user to enter another value for n and repeat
the calculation until signaling an end to the program. Neither of your
methods should use a loop to multiply n numbers.
7. The Fibonacci sequence occurs frequently in nature as the growth rate
for certain idealized animal populations. The sequence begins with 0
and 1, and each successive Fibonacci number is the sum of the two previous Fibonacci numbers. Hence, the first ten Fibonacci numbers are 0, 1, 1,
2, 3, 5, 8, 13, 21, and 34. The third number in the series is 0 + 1, which is
1; the fourth number is 1 + 1, which is 2; the fifth number is 1 + 2, which
is 3; and so on.
Besides describing population growth, the sequence can be used to define
the form of a spiral. In addition, the ratios of successive Fibonacci numbers
in the sequence approach a constant, approximately 1.618, called the
“golden mean.” Humans find this ratio so aesthetically pleasing that it is
often used to select the length and width ratios of rooms and postcards.
6TF B SFDVSTJWF GPSNVMB UP EFGJOF B TUBUJD NFUIPE UP DPNQVUF UIF nth
Fibonacci number, given n as an argument. Your method should not use
a loop to compute all the Fibonacci numbers up to the desired one, but
should be a simple recursive method. Place this static recursive method
in a program that demonstrates how the ratio of Fibonacci numbers
converges. Your program will ask the user to specify how many Fibonacci
numbers it should calculate. It will then display the Fibonacci numbers,
one per line. After the first two lines, it will also display the ratio of the
current and previous Fibonacci numbers on each line. (The initial ratios
do not make sense.) The output should look something like the following
if the user enters 5:
Fibonacci
Fibonacci
Fibonacci
Fibonacci
Fibonacci

#1
#2
#3
#4
#5

=
=
=
=
=

0
1
1; 1/1 = 1
2; 2/1 = 2
3; 3/2 = 1.5
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8. Imagine a candy bar that has k places where it can be cut. You would like
to know how many different sequences of cuts are possible to divide the
bar into pieces. For example, if k is 3, you could cut the bar at location 1,
then location 2, and finally at location 3. We indicate this sequence of cuts
by 123. So if k is 3, we have six ways to divide the bar: 123, 132, 213, 231,
312, or 321. Notice that we have k possibilities for making the first cut.
Once we make the first cut we have k – 1 places where a cut must be made.
Recursively, this can be expressed as
C(k) = kC(k − 1)

Let’s make this a bit more interesting by adding a restriction. You must
always cut the leftmost pieces that can be cut. Now if k is 3, we can cut
the bar at locations 123, 132, 213, 312, or 321. A cutting sequence of
231 would not be allowed, because after the cut at 2 we would have to
make the cut at location 1, since it is the leftmost piece. We still have
k possibilities for making the first cut, but now we have to count the
number of ways to cut two pieces and multiply. Recursively, this can be
expressed as
k

D(k) =

Σ

D(i - 1)D(k - i)

i=1

When k is 3, we would compute
3

D(3) =

Σ

D(i - 1)D(3 - i) = D(0)D(2) + D(1)D(1) + D(2)D(0)

Σ

D(i - 1)D(2 - i) = D(0)D(1) + D(1)D(0)

Σ

D(i - 1)D(1 - i) = D(0)D(0)

i=1
2

D(2) =

i=1
1

D(1) =

i=1

For both recursive formulas, if k = 0, there is exactly one way to divide the bar.
%FWFMPQBQSPHSBNUIBUXJMMSFBEBWBMVFPGk from the keyboard and then
display C(k)and D(k). (D(k)is interesting because it turns out to be the
number of ways that we can parenthesize an arithmetic expression that
has k binary operators.)
9. Once upon a time in a kingdom far away, the king hoarded food and the
people starved. His adviser recommended that the food stores be used to
help the people, but the king refused. One day a small group of rebels attempted to kill the king but were stopped by the adviser. As a reward, the
adviser was granted a gift by the king. The adviser asked for a few grains of
wheat from the king’s stores to be distributed to the people. The number of
grains was to be determined by placing them on a chessboard. On the first
square of the chessboard, he placed one grain of wheat. He then placed two
grains on the second square, four grains on the third square, eight grains
on the fourth square, and so forth.
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Compute the total number of grains of wheat that were placed on k
squares by writing a recursive method getTotalGrains(k, grains).
Each time getTotalGrains is called, it “places” grains on a single square;
grains is the number of grains of wheat to place on that square. If k is 1,
return grains. Otherwise, make a recursive call, where k is reduced by 1
and grains is doubled. The recursive call computes the total number of
grains placed in the remaining k – 1 squares. To find the total number of
grains for all k squares, add the result of the recursive call to grains and
return that sum.
10. There are n people in a room, where n is an integer greater than or equal
to 2. Each person shakes hands once with every other person. What is the
total number of handshakes in the room? Write a recursive method to
solve this problem with the following header:
public static int handshake(int n)

where handshake(n) returns the total number of handshakes for n people
in the room. To get you started, if there are only one or two people in the
room, then:
handshake(1) = 0
handshake(2) = 1

 (JWFOUIFEFGJOJUJPOPGB%BSSBZTVDIBTUIFGPMMPXJOH
String[][] data = {
{"A","B"},
{"1","2"},
{"XX","YY","ZZ"}
};

write a recursive program that outputs all combinations of each subarray
in order. In the above example, the desired output (although it doesn’t
have to be in this order) is:
A
A
A
A
A
A
B
B
B
B
B
B

1
1
1
2
2
2
1
1
1
2
2
2

XX
YY
ZZ
XX
YY
ZZ
XX
YY
ZZ
XX
YY
ZZ
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Your program should work with arbitrarily sized arrays in either
dimension. For example, the following data:
String[][] data = {
{"A"},
{"1"},
{"2"},
{"XX","YY"}
};

should output:
A 1 2 XX
A 1 2 YY

Graphics

12. Create an application in a JFrame(6*UIBUXJMMESBXBGSBDUBMDVSWFVTJOH
line segments. Fractals are recursively defined curves. The curve you will
draw is based on a line segment between points p1 and p2:
p1

VideoNote
Drawing recursively

p2

To draw the curve from p1 to p2, you first split the segment into thirds.
Then add two segments and offset the middle segment to form part of a
square, as shown in the following picture:

p1

p2

Note that you would not draw the arrowheads, but we use them here to
indicate the direction of drawing. If the order of p1 and p2 were reversed,
the square would be below the original line segment.
This process is recursive and is applied to each of the five new line
segments, resulting in the following curve:

11.2 Programming with Recursion

The fractal is given by repeating this recursive process an infinite number
of times. Of course, we will not want to do that and will stop the process
after a certain number of times.
To draw this curve, use a recursive method drawFractal(p1x, p1y, p2x,
p2y, k). If k is zero, just draw a line from p1 to p2. Otherwise, split the
line segment into five segments, as described previously, and recursively
call drawFractal GPS FBDI PG UIFTF GJWF TFHNFOUT 6TF k − 1 for the last
argument in the recursive calls. For convenience, you may assume that the
segments are either vertical or horizontal.
The initial call should be drawFractal(50, 800, 779, 800, 5). Set the
size of the window to 1000 by 1000.

Answers to Self-Test Questions
1. B
R
R
R

Note that the 'B' is the first output, not the last output.
2. R
R
R
B

Note that the 'B' is the last output.
3. /**
Precondition: n >= 1.
Displays the symbol ‘#’ n times on one line
and then advances to the next line.
*/
public static void displaySharps(int n)
{
if (n <= 1)
System.out.println('#');
else
{
System.out.print('#');
displaySharps(n - 1);
}
}

4. 6
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5. /**
Precondition: n >= 0
Returns 10 to the power n.
*/
public static int computeTenToThe(int n)
{
if (n <= 0)
return 1;
else
return computeTenToThe(n - 1) * 10;
}

6. /**
Precondition: n can be any int.
Returns 10 to the power n.
*/
public static int computeTenToThe(int n)
{
if (n == 0)
return 1;
else if (n > 0)
return computeTenToThe(n - 1) * 10;
else//n < 0
return 1 / computeTenToThe(-n);
}

7. public void getCount()
{
System.out.println("Enter a positive integer:");
Scanner keyboard = new Scanner(System.in);
int count = keyboard.nextInt();
while (count <= 0)
{
System.out.println("Input must be positive.");
System.out.println("Try again.");
count = keyboard.nextInt();
}
}

8. No.
9. The array can have repeated values, as long as the array is sorted.
10. The multiway if-else statement in the method binarySearch needs to
have two comparison operators changed so that it reads as follows:
if (target == a[mid])
result = mid;
else if (target > a[mid])//Changed from <to>
result = search(target, first, mid - 1);

11.2 Programming with Recursion
else if (target < a[mid])//Changed from > to <
result = search(target, mid + 1, last);

No other changes are needed, but the comments should be revised to
reflect the fact that the array is sorted from largest to smallest.
11. MergeSort.sort(myArray);
12. Change the types for the array elements to double. For example, you would
replace
private static void divide(int[] a, int[] firstHalf,
int[] lastHalf)

with
private static void divide(double[] a,
double[] firstHalf,double[] lastHalf)

13. Replace the < with > in the following line of the definition of merge:
if (firstHalf[firstHalfIndex] < lastHalf[lastHalfIndex])

14. If an array of base type int has a value that occurs twice, and you sort the
array by using the method MergeSort.sort, the repeated value will occur
twice in the sorted array.
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All is in flux, nothing stays still.
)&3"$-*564

As Chapter 5 noted, an abstract data type, or ADT, specifies a set of data
and the operations on that data. It describes what the operations do but
not how to implement them or store the data. Basically, an ADT specifies a
particular data organization. You can express the specifications of an ADT
by writing a Java interface, as described in Chapter 8. You know that a class
can implement an interface in various ways. Thus, you implement an ADT
by defining a Java class. In doing so, you use various data structures. A data
structure is a construct, such as a class or an array, within a programming
language.
This chapter focuses on data structures. In particular, we discuss two
kinds of data structures whose size can grow or shrink while your program
is running. Such structures are said to be dynamic. One kind of dynamic
structure is based on an array. As an example, we will introduce the class
ArrayList, which is available in the Java Class Library. The other kind
links its data items to one another, so that one data item “knows” where
the next one is. Although there are many different kinds of linked data
structures, we will emphasize one simple but useful linked data structure
known as a linked list. In the process of covering linked lists, we will
introduce inner classes, which are a kind of class definition within another
class definition.
Starting with version 5.0, Java allows class definitions to have parameters
for the data types they use. These parameters are known as generic types. In
Section 12.1 we show you how to use one such definition—ArrayList—
which is in the Java Class Library. Section 12.3 shows you how to write class
definitions that have generic data types.

OBJECTIVES
After studying this chapter, you should be able to
t %FGJOFBOEVTFBOJOTUBODFPGArrayList
t %FTDSJCFUIFHFOFSBMJEFBPGMJOLFEEBUBTUSVDUVSFTBOEIPXUPJNQMFNFOU
them in Java
t .BOJQVMBUFMJOLFEMJTUT
t 6TFJOOFSDMBTTFTJOEFGJOJOHMJOLFEEBUBTUSVDUVSFT
t %FTDSJCF DSFBUF BOEVTFJUFSBUPST
t %FGJOFBOEVTFDMBTTFTUIBUIBWFHFOFSJDUZQFT
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PREREQUISITES
You should read Section 12.1 before Section 12.2. Section 12.3 stands on its
own but you should read Sections 12.1 through 12.3 before Section 12.4.
Chapters 1 through 7 are needed to fully understand this chapter. Some
familiarity with basic inheritance and basic exception handling will be helpful.
The details are as follows:
Section

Prerequisite

12.1 Array-Based Data Structures

Chapters 1 through 7 and
Section 9.1

12.2 The Java Collections Framework

Section 12.1

12.3 Linked Data Structures (excluding
"Exception Handling with Linked Lists")

Chapters 1 through 7

The subsection of Section 12.3 entitled
"Exception Handling with Linked lists"

Chapters 1 through 7 and
Chapter 9

12.4 Generics

Sections 12.1 through 12.3
up to, but not including, "Exception Handling with Linked
Lists"

12.1 ARRAY-BASED DATA STRUCTURES
“Well, I’ll eat it,” said Alice, “and if it makes me grow larger, I can reach the
key; and if it makes me grow smaller, I can creep under the door; so either
way I’ll get into the garden.”
—LEWIS CARROLL, ALICE’S ADVENTURES IN WONDERLAND

In Java, you can read the length of an array as data when the program is running,
but once your program creates an array of that length, it cannot change the length
of the array. For example, suppose you write a program to record customer orders
for a mail-order house, and suppose you store all the items ordered by one
customer in an array order of objects of a class called OrderItem. You could ask
the user for the number of items in an order, store the number in a variable called
numberOfItems, and then create the array order, using the following statement:
OrderItem[] order = new OrderItem[numberOfItems];

But suppose the customer enters numberOfItems items and then decides
to order another item? There is no way to actually increase the size of the
array order. However, we can simulate increasing its size: We create a new
and larger array, copy the elements from the original array to the new array,

An array of a
certain size
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and then rename the new array order. For example, the following statements
effectively double the size of our array:

Doubling the size
of an array

OrderItem[] largerArray = new OrderItem[2 * numberOfItems];
for (int index = 0; index <numberOfItems; index++)
largerArray[index] = order[index];
order = largerArray;

The Class ArrayList

ArrayList
versus an array

Instead of worrying about changing the size of the array order, we can use an
instance of the class ArrayList, which is in the package java.util of the Java
Class Library. Such an instance can serve the same purpose as an array, except
that it can change in length while the program is running. An ArrayList
object could handle the customer’s extra order without any problems.
If we can simply use ArrayList to overcome the main disadvantage of
using an array, why did we study arrays? Why don’t we always use ArrayList?
It often seems that every silver lining has a cloud, and that is true here as well.
There are two main drawbacks when using ArrayList:
t 6TJOHBOJOTUBODFPGArrayList is less efficient than using an array.
t "OJOTUBODFPG ArrayList can store only objects; it cannot contain values
of a primitive type, such as int, double, or char.

The ADT list

The implementation of ArrayList uses arrays. In fact, to expand the capacity
of its underlying array, it uses the same technique we used to expand our
array order6TJOHArrayList instead of an array in your program will require
more computer time, but that might or might not be significant. You would
need to analyze your situation before making a choice. The second drawback
can be addressed as follows: Instead of storing int values, for example,
you could store Integer values, where Integer is the wrapper class whose
objects simulate int values. Automatic boxing and unboxing—as discussed in
Chapter 6—makes using a wrapper class convenient. But using one does add
to the time overhead of a program.
Note that ArrayList is an implementation of an ADT called a list. The ADT
list organizes data in the same way that you do when you write a list in everyday
life. Lists of tasks, address lists, gift lists, and grocery lists are all examples of
familiar lists. In each case, you can add entries to the list—at the beginning, at
the end, or between items—delete entries, look at entries, and count entries.
These are the same kinds of operations that an object of ArrayList can perform.

Creating an Instance of ArrayList
6TJOHBOJOTUBODFPGArrayList has similarities to using an array, but there are some
important differences. First, the definition of the class ArrayList is not provided
automatically. The definition is in the package java.util, and any code that uses
the class ArrayList must contain the following statement at the start of the file:

12.1 Array-Based Data Structures
import java.util.ArrayList;

You create and name an instance of ArrayList in the same way that you
create and name objects of any class, except that you specify the base type
using a different notation. For example,

851

ArrayList is
in the package
java.util

ArrayList<String>list = new ArrayList<String>(20);

This statement makes list the name of an object that stores instances of the
class String. The type String is the base type. An object of the class ArrayList
stores objects of its base type, just as an array stores items of its base type. The
difference here is that the base type of ArrayList must be a class type; you
cannot use a primitive type, such as int or double, as the base type.
Our object list has an initial capacity of 20 items. When we say that an
ArrayList object has an initial capacity, we mean that it has been allocated
memory for that many items, but if it needs to hold more items, the system
will automatically allocate more memory. By carefully choosing the initial
capacity, you can often make your code more efficient. If you choose an initial
capacity that is large enough, the system will not need to reallocate memory
too often, and as a result, your program should run faster. On the other hand,
if you make your initial capacity too large, you will waste storage space. No
matter what capacity you choose, it has no effect on how many items an
ArrayList object can hold. Note that if you omit the initial capacity, you will
invoke ArrayList’s default constructor, which assumes a capacity of ten.

RECAP Creating and Naming an Instance of ArrayList
An object of the class ArrayList is created and named in the same way
as any other object, except that you specify a base type.
SYNTAX
ArrayList<Base_Type> Variable =
new ArrayList<Base_Type>();
ArrayList<Base_Type> Variable =
new ArrayList<Base_Type>(Capacity);

The Base_Type must be a class type; it cannot be a primitive type such
as int or double. When a number Capacity is given as an argument to
the constructor, that number determines the initial capacity of the list.
Omitting an argument results in an initial capacity of ten.
EXAMPLES
ArrayList<String>aList = new ArrayList<String>();
ArrayList<Double>bList = new ArrayList<Double>(30);

An object of
ArrayList
stores objects of
a specified base
type

An object of
ArrayList
can increase its
capacity
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■ PROGRAMMING TIP

Newer Versions of Java Require the
Base Type Only Once

Prior to JDK version 7, the syntax to create an object of the class ArrayList
required the base type to be repeated in the constructor.
ArrayList<Base_Type> Variable

= new ArrayList<Base_Type>();

For example:
ArrayList<String> aList = new ArrayList<String>();

Starting with JDK version 7 the format does not require the base type to be
repeated in the constructor. The syntax is:
ArrayList<Base_Type> Variable = new ArrayList<>();

For example:
ArrayList<String> aList = new ArrayList<>();

This saves a bit of typing over the old version and can make code more
readable for more complex base types. The base type is no longer required in
the constructor due to a feature called type inference. The compiler is able
to infer the base type from the variable declaration. Programmers have been
using the earlier format for many years, so you are likely to see it in existing
code. For greater compatibility the examples in this book do not use the
syntax supported in JDK 7.
■

Using the Methods of ArrayList
An object of ArrayList can be used like an array, but you must use methods
instead of an array’s square-bracket notation. Let’s define an array and an
object of ArrayList and give them the same capacity:
Creating an array
and an object of
ArrayList

String[] anArray = new String[20];
ArrayList<String> aList = new ArrayList<String>(20);

Objects of ArrayList are indexed in the same way as an array: The index of
the first item is 0. So if you would use
anArray[index] = "Hi Mom!";

for the array anArray, the analogous statement for the object aList would be
An array and
an object of
ArrayList
use the same
indexing

aList.set(index, "Hi Mom!");

If you would use
String temp = anArray[index];

to retrieve an element from the array anArray, the analogous statement for
aList would be
String temp = aList.get(index);

12.1 Array-Based Data Structures

The two methods set and get give objects of ArrayList approximately the
same functionality that square brackets give to arrays. However, you need to
be aware of one important point: The method invocation

853

The methods set
and get

aList.set(index, "Hi Mom!");

is not always completely analogous to
anArray[index] = "Hi Mom!";

The method set can replace any existing element, but you cannot use set to
put an element at just any index, as you would with an array. The method set
is used to change the value of existing elements, not to set them for the first
time.
To set an element for the first time, you use the method add. This method
adds elements at index positions 0, 1, 2, and so forth, in that order. An
ArrayList object must always be filled in this order. The method add has
two forms; that is, it is overloaded. When given one argument, add adds an
element immediately after the last currently occupied position. Given two
arguments, the method adds the element at the indicated position, assuming
that the indicated position is not after an unoccupied position. For example, if
aList contains five elements, either
aList.add("Caboose");

or
aList.add(5, "Caboose");

adds "Caboose" as the sixth—and last—element. But notice that for a list of
five items, the statement
aList.add(6, "Caboose");

would cause an IndexOutOfBoundsException exception. Because the list
contains five items, the index of the last item is 4. Attempting to add an item
at index 6 before placing one at index 5 is illegal.
After adding elements to aList, you also can use add to insert an element
before or between existing elements. The statement
aList.add(0, "Engine");

adds (inserts) a string before all other elements in aList. Existing elements are
shifted to make room for the new element. So the original string at index 0 is
not replaced, but rather is shifted to index position 1. Likewise,
aList.add(4, "BoxCar");

inserts "BoxCar" as the element at index 4. Elements at indices before 4
remain in place, while those originally after it are shifted to the next higher
index position. When you use the method add to insert a new element at an
index position, all the elements that were at that index position or higher

The method add
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The method size

have their index increased by 1 so that there is room to insert the new element
XJUIPVUMPTJOHBOZPGUIFPMEFSFMFNFOUT6OMJLFUIFQSPDFEVSFGPSJOTFSUJOH
into an array, this process happens automatically, and you need not write any
extra code to move elements. Clearly, using ArrayList is much easier than
using an array.
You can find out how many elements have already been added to aList
by using the method size. The expression aList.size() returns the number
of elements stored in aList. The indices of these elements range from 0 to
aList.size() minus 1.
Figure 12.1 describes a selection of the methods in the class ArrayList.

FAQ Why are some parameters of type Base_Type and others
of type Object?
Look at the table of methods in Figure 12.1. In some cases, when a
parameter is naturally an object of the base type, the parameter type is
the base type, but in other cases it is the type Object. For example, the
method add has a parameter of the base type, but the method contains
has a parameter of type Object. Why the difference in parameter types?
For ArrayList, it makes sense to add only an element of the base type,
so add does not accommodate objects of other types. However, contains
is more general. Since its parameter’s type is Object, it can test whether
an object of any type is on the list. An object whose type is not the base
type cannot possibly be on the list, so if it is passed to contains, the
method will return false.

RECAP Arrays Versus Objects of the Class ArrayList
With arrays, the square brackets and the instance variable length are the
only tools automatically provided for a programmer. If you want to use
arrays for other things, you must write code to manipulate the arrays.
ArrayList, on the other hand, comes with a large selection of powerful
methods that can do many of the things that you must do for yourself
when using an array. For example, the class ArrayList has a method—
add—that inserts a new element between two existing elements.

S E L F -TE S T QU ESTI ONS
1. Suppose aList is an object of the class ArrayList<String>. How do you
add the string "Hello" to the end of aList?

12.1 Array-Based Data Structures

FIGURE 12.1 Some Methods in the Class ArrayList
public ArrayList<Base_Type>(int initialCapacity)

Creates an empty list with the specified Base_Type and initial capacity. The Base_Type
must be a class type; it cannot be a primitive type such as int or double. When the
list needs to increase its capacity, the capacity doubles.
public ArrayList<Base_Type>()

Behaves like the previous constructor, but the initial capacity is ten.
public boolean add(Base_Type newElement)

Adds the specified element to the end of this list and increases the list’s size by 1. The
capacity of the list is increased if that is required. Returns true if the addition is successful.
public void add(int index, Base_Type newElement)

Inserts the specified element at the specified index position of this list. Shifts elements
at subsequent positions to make room for the new entry by increasing their indices by
1. Increases the list’s size by 1. The capacity of the list is increased if that is required.
Throws IndexOutOfBoundsException if index < 0 or index > size().
public Base_Type get(int index)
Returns the element at the position specified by index. Throws
IndexOutOfBoundsException if index < 0 or index ≥ size().
public Base_Type set(int index, Base_Type element)

Replaces the element at the position specified by index with the given element. Returns the element that was replaced. Throws IndexOutOfBoundsException if
index < 0 or index ≥ size().
public Base_Type remove(int index)

Removes and returns the element at the specified index. Shifts elements at subsequent
positions toward position index by decreasing their indices by 1. Decreases the list’s
size by 1. Throws IndexOutOfBoundsException if index < 0 or index ≥ size().
public boolean remove(Object element)
Removes the first occurrence of element in this list, and shifts elements at subsequent

positions toward the removed element by decreasing their indices by 1. Decreases the
list’s size by 1. Returns true if element was removed; otherwise returns false and does
not alter the list.
public void clear()

Removes all elements from this list.
public int size()

Returns the number of elements in this list.
public boolean contains(Object element)
Returns true if element is in this list; otherwise, returns false.
public int indexOf(Object element)
Returns the index of the first occurrence of element in this list. Returns -1 if element

is not on the list.
public boolean isEmpty()

Returns true if this list is empty; otherwise, returns false.

855

856

CHAPTER 12 / Dynamic Data Structures and Generics

2. Suppose instruction is an object of the class ArrayList<String> that
contains the string "Stop" at index position 5. How do you change the
string at index position 5 to "Go"?
3. Can you use the method set to place an element in a list at any index you
want?
4. Can you use the method add to place an element in a list at any index you
want?
5. Can you use the method add to insert an element at a position for which
you cannot use set?
6. If aList is an object of the class ArrayList<String> that contains seven
elements, why does aList.add(7, "Red truck") place a new string as
the eighth element of aList?
7. Suppose aList is an object of the class ArrayList<String> that contains
the four strings: "red", "blue", "green", and "yellow". What strings
are on the list after aList.add(2, "orange") executes?
8. If you create a list using the statement
ArrayList<Double> aList = new ArrayList<Double>(20);

can the list contain more than 20 elements?
9. Suppose aList is an object of the class ArrayList<String>. Write Java
statements that will display all the elements in aList on the screen.

PROGRAMMING EXAMPLE

A To-Do List

Listing 12.1 contains an example of using ArrayList to maintain a list of
everyday tasks. The user can enter as many tasks as desired, and then the
program will display the list.
LISTING 12.1 Using ArrayList to Maintain a List (part 1 of 2)
import java.util.ArrayList;
import java.util.Scanner;
public class ArrayListDemo
{
public static void main(String[] args)

(continued)

12.1 Array-Based Data Structures

LISTING 12.1 Using ArrayList to Maintain a List (part 2 of 2)
{
ArrayList<String> toDoList = new ArrayList<String>();
System.out.println("Enter items for the list, when "+
"prompted.");
boolean done = false;
Scanner keyboard = new Scanner(System.in);
while (!done)
{
System.out.println("Type an entry:");
String entry = keyboard.nextLine( );
toDoList.add(entry);
System.out.print("More items for the list? ");
String ans = keyboard.nextLine( );
if (!ans.equalsIgnoreCase("yes"))
done = true;
}
System.out.println("The list contains:");
int listSize = toDoList.size( );
for (int position = 0; position < listSize;
position++)
System.out.println(toDoList.get(position));
}
}

Sample Screen Output
Enter items for the list, when prompted.
Type an entry:
Buy milk
More items for the list? yes
Type an entry:
Wash car
More items for the list? yes
Type an entry:
Do assignment
More items for the list? no
The list contains:
Buy milk
Wash car
Do assignment
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■ PROGRAMMING TIP

Use a For-Each Loop to Access All
Elements in an Instance of ArrayList

The last loop in Listing 12.1, which displays all the elements in an instance of
ArrayList, can be replaced by the following for-each loop:
for (String element : toDoList)
System.out.println(element);

This loop is much simpler to write than the original one when you want to
access all of the elements in a collection such as an ArrayList object.
■

■ PROGRAMMING TIP

Use trimToSize to Save Memory

ArrayList objects automatically double their capacity when your program

needs them to have additional capacity. However, the new capacity may
be more than your program requires. In such cases, the capacity does not
automatically shrink. If the capacity of your expanded list is much larger
than you need, you can save memory by using
ASIDE Early Versions of ArrayList
the method trimToSize. For example, if aList is
an instance of ArrayList, the invocation aList.
Versions of Java before version 5.0 had
trimToSize() will shrink the capacity of aList
a class named ArrayList that was not
parameterized and was used just like any
down to its actual size, leaving it with no unused
other class. For example,
capacity. Normally, you should use trimToSize
only when you know that you will not soon need
ArrayList aList = new
the extra capacity.
■
ArrayList(10);
This older class is still available in recent
versions of Java and is approximately
equivalent to the class ArrayList<Object>.
So the previous line of code is approximately
equivalent to
ArrayList<Object>aList = new
ArrayList<Object>(10);
The class ArrayList<Object> and the
older class ArrayList are not completely
equivalent, but for simple applications they
can be considered equivalent. The differences
between these classes become relevant only
when you are dealing with issues related to
type casting or subtyping. This older class is
in the package java.util, as is the newer
parameterized ArrayList. Knowing about
the older class is relevant if you have a
program written in earlier versions of Java.

GOTCHA

Using an Assignment
Statement to Copy a List

As was true for objects of other classes, as well as
for arrays, you cannot make a copy of an instance
of ArrayList by using an assignment statement.
For example, consider the following code:
ArrayList<String>aList = new
ArrayList<String>();
<Some code to fill aList>
ArrayList<String>anotherName = aList;
//Defines an alias

This code simply makes anotherName another
name for aList so that you have two names but
only one list. If you want to make an identical
copy of aList so that you have two separate

12.2 The Java Collections Framework

copies, you use the method clone. So instead of the previous assignment
statement, you would write
ArrayList<String> duplicateList =
(ArrayList<String>)aList.clone();

For lists of objects other than strings, using the method clone can be more
complicated and can lead to a few pitfalls. Appendix 9, which is on the book’s
Web site, explains more about this method.
■

Parameterized Classes and Generic Data Types
The class ArrayList is a parameterized class. That is, it has a parameter,
which we have been denoting Base_Type, that can be replaced with any class
type to obtain a class that stores objects having the specified base type. Base_
Type is called a generic data type. You already know how to use parameterized
classes, since you know how to use ArrayList. Section 12.3 will outline how
to define such a class yourself.

S E L F-TE S T QU E S TIO N S
10. Can you have a list of ints?
11. Suppose list is an instance of ArrayList. What is the difference between
the capacity of list and the value of list.size()?
12. Suppose list is an instance of ArrayList that was defined with an initial
capacity of 20. Imagine that we add 10 entries to list. What will be
the values of the elements at indices 10 through 19? Garbage values? A
default value? Something else?

12.2 THE JAVA COLLECTIONS FRAMEWORK
What we become depends on what we read after all of the professors have
finished with us. The greatest university of all is a collection of books.
—THOMAS CARLYLE

The Java Collections Framework is a collection of interfaces and classes that
may be used to manipulate groups of objects. The classes implemented in
the Java Collections Framework serve as reusable data structures and include
algorithms for common tasks such as sorting or searching. The framework
uses parameterized classes so you can use them with the classes of your
DIPJDF 6UJMJ[JOH UIF GSBNFXPSL DBO GSFF UIF QSPHSBNNFS GSPN MPUT PG MPX
level details if they aren’t the focus of the program. This section is just enough
for you to use a few common components of the Java Collections Framework.
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The Collection Interface
The Collection interface is the highest level of Java’s framework for collection
classes and it describes the basic operations that all collection classes should
implement. Selected methods for the Collection interface are given in Figure
12.2. The methods support basic operations such as adding, removing, or
checking to see if an object exists in the collection. The Collection interface
takes a base type that allows you to create a collection of objects of your
choice. Note that the toArray method returns an array of type Object. You
may need to type cast elements of the array to the appropriate class or abstract
data type.
You may have noticed that many of the methods from Figure 12.2 look
the same as those in Figure 12.1, the listing of methods for the ArrayList
class. This is no coincidence. The ArrayList class implements the Collection
interface, so it must have the same methods. Other classes that implement
the Collection interface must also have the same methods, but of course the
implementation of the methods may differ. Additionally, classes can add their
own methods not specified by the interface. For example, the get and set
methods for the ArrayList class are specified not in the Collection interface
but by a derived interface, List, that in turn is implemented by ArrayList.
While these methods provide specialized functionality, an understanding of
the Collection interface is enough to give you a basic understanding of how
to use any class that implements it.
FIGURE 12.2 Selected Methods in the Collection Interface
public boolean add(Base_Type newElement)
Adds the specified element to the collection. Returns true if the collection is changed

as a result of the call.
public void clear()

Removes all of the elements from the collection.
public boolean remove(Object o)

Removes a single instance of the specified element from the collection if it is present.
Returns true if the collection is changed as a result of the call.
public boolean contains(Object o)
Returns true if the specified element is a member of the collection.
public boolean isEmpty()
Returns true if the collection is empty.
public int size()

Returns the number of elements in the collection.
public Object[] to Array()

Returns an array containing all of the elements in the collection. The array is of a type
Object so each element may need to be typecast back into the original base type.
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The Class HashSet
The HashSet class is used to store a set of objects. Like the ArrayList, the
HashSet class also implements the Collection interface. However, the
HashSet stores a set rather than a list of items. This means that there can be
no duplicate elements, unlike an ArrayList, which can have many duplicates.
The class is named HashSet because the algorithm used to implement the set
is called a hash table. A description of how the hash table algorithm works is
beyond the scope of this text, but in summary it provides a fast and efficient
way to look up items. Listing 12.2 demonstrates how to use the HashSet
class to store and manage a set of integers. The base type is the wrapper class
Integer (described in Section 6.2) rather than int because primitive types are
not allowed as a base type. Only objects may be stored in any collection. The
example uses only the methods specified in the Collection interface.

LISTING 12.2 A HashSet Demonstration (part 1 of 2)
import java.util.HashSet;
public class HashSetDemo
{
public static void main(String[] args)
{
HashSet<Integer> intSet = new HashSet<Integer>();
intSet.add(2);
intSet.add(7);
Ignored since 7 is already in the set
intSet.add(7);
intSet.add(3);
printSet(intSet);
intSet.remove(3);
printSet(intSet);
System.out.println("Set contains 2: " +
intSet.contains(2));
System.out.println("Set contains 3: " +
intSet.contains(3));
}
public static void printSet(HashSet<Integer> intSet)
{
System.out.println("The set contains:");
for (Object obj : intSet.toArray())
{
Integer num = (Integer) obj;
System.out.println(num.intValue());
}
}
}

(continued)

The HashSet class
stores a set of
objects
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LISTING 12.2 A HashSet Demonstration (part 2 of 2)
Sample Screen Output
The set contains:
2
3
7
The set contains:
2
7
Set contains 2: true
Set contains 3: false

The Map Interface
The Map
interface
describes a
mapping from a
key object to a
value object

The Map interface is also a top-level interface in the Java Collection
Framework. The Map interface is similar in character to the Collection
interface, except that it deals with collections of ordered pairs. Think of the
pair as consisting of a key K (to search for) and an associated value V. For
example, the key might be a student ID number and the value might be
an object storing information about the student (such as the name, major,
address, or phone number) associated with that ID number. Selected methods
for the Map interface are given in Figure 12.3. The Map interface takes a base
UZQFGPSUIFLFZBOEBCBTFUZQFGPSUIFWBMVF6TFUIF put method to add a
key/value pair to the collection and the get method to retrieve the value for
a given key. Just like the Collection interface, the base types must be objects
and cannot be primitive data types.

The Class HashMap
The HashMap
class implements
the Map interface

VideoNote
Walkthrough of the
HashMap demonstration

The HashMap class implements the Map interface and is used to store a map
from a key object to a value object. Like the HashSet, the class is called
HashMap because it also uses the hash table algorithm. It can be used like a
small database and is able to quickly retrieve the value object when given the
key object. Listing 12.3 demonstrates how to use the HashMap class to map
from the names of mountain peaks to their height in feet. The name of the
mountain is the key and the height is the mapped value. The base type of
the key is String and the base type of the value is Integer. We must use the
wrapper class Integer rather than int because primitive data types are not
allowed as a base type. The example uses only the methods specified in the
Map interface to add several mappings, look up a mapping, modify a mapping,
and remove a mapping.
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FIGURE 12.3 Selected Methods in the Map Interface
public Base_Type_Value put(Base_Type_Key k, Base_Type_Value v)
Associates the value v with the key k. Returns the previous value for k or null if

there was no previous mapping
public Base_Type_Value get(Object k)
Returns the value mapped to the key k or null if no mapping exists.
public void clear()

Removes a single instance of the specified element from the collection if it is present.
Returns true if the collection is changed as a result of the call.
public Base_Type_Value remove(Object k)
Removes the mapping of key k from the map if present. Returns the previous value for
the key k or null if there was no previous mapping.
public boolean containsKey(Object k)
Returns true if the key k is a key in the map.
public boolean containsValue(Object v)
Returns true if the value v is a value in the map.
public boolean isEmpty()
Returns true if the map contains no mappings.
public int size()

Returns the number of mappings in the map.
public Set <Base_Type_Key> keySet()

Returns a set containing all of the keys in the map.
public Collection <Base_Type_Values> values()

Returns a collection containing all of the values in the map.

LISTING 12.3 A HashMap Demonstration (part 1 of 2)
import java.util.HashMap;
public class HashMapDemo
{
public static void main(String[] args)
{
HashMap<String, Integer> mountains =
new HashMap<String, Integer>();
mountains.put("Everest", 29029);
mountains.put("K2", 28251);
mountains.put("Kangchenjunga", 28169);
mountains.put("Denali", 20335);
printMap(mountains);
System.out.println("Denali in the map: " +
mountains.containsKey("Denali"));
System.out.println();

(continued)
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LISTING 12.3 A HashMap Demonstration (part 2 of 2)
System.out.println("Changing height of Denali.");
mountains.put("Denali", 20320);
Overwrites the old
printMap(mountains);

value for Denali

System.out.println("Removing Kangchenjunga.");
mountains.remove("Kangchenjunga");
printMap(mountains);
}
public static void printMap(HashMap<String, Integer> map)
{
System.out.println("Map contains:");
for (String keyMountainName : map.keySet())
{
Integer height = map.get(keyMountainName);
System.out.println(keyMountainName + " --> " +
height.intValue() + " feet.");
}
System.out.println();
}
}

Sample Screen Output
Map contains:
K2 --> 28251 feet.
Denali --> 20355 feet.
Kangchenjunga --> 28169 feet.
Everest --> 29029 feet.
Denali in the map: true
Changing height of Denali.
Map contains:
K2 --> 28251 feet.
Denali --> 20320 feet.
Kangchenjunga --> 28169 feet.
Everest --> 29029 feet.
Removing Kangchenjunga.
Map contains:
K2 --> 28251 feet.
Denali --> 20320 feet.
Everest --> 29029 feet.
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Other Classes in the Java Collections
Framework

There are many other methods, classes, and interfaces in the Java Collections
Framework. You will be happy to know that the methods specified in either
the Collection or Map interfaces provide a uniform interface for all classes in
the framework. For example, there is a TreeSet class that stores data in a tree
instead of a hash table like the HashSet class. The program in Listing 12.2 will
produce identical output if the data type is changed to TreeSet. However,
many classes have additional methods specific to the type of data structure or
algorithm being implemented.
■

S E L F-TE S T QU E S TIO N S
13. Define and invoke the constructor for a HashSet variable named colors
capable of holding strings.
14. Given the variable colors defined in Question 13, write the code to
add "red" and "blue" to the set, output if the set contains "blue", then
remove "blue" from the set.
15. Define and invoke the constructor for a HashMap named studentIDs that
holds a mapping of integers to strings.
16. Given the variable studentIDs defined in Question 15, write the code to
map 5531 to "George", 9102 to "John", and print the name associated
with ID 9102.

12.3 LINKED DATA STRUCTURES
Do not mistake the pointing finger for the moon.
—ZEN SAYING

A linked data structure is a collection of objects, each of which contains data
and a reference to another object in the collection. We will confine most of
our discussion of linked data structures to a simple but widely used kind
known as a linked list.

The Class LinkedList
Instead of using the class ArrayList and worrying about allocating too much
memory, we can use an instance of the class LinkedList, which is also in the
package java.util of the Java Class Library. Like ArrayList, LinkedList is
another implementation of the ADT list. Although the two classes do not have the
same methods, both have the same basic list operations described in Figure 12.1,

A collection of
linked objects
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The class
LinkedList
implements a list

with the exception of the constructors and the last method, trimToSize. As you
will see, LinkedList—as a linked data structure—allocates memory only as needed
to accommodate new entries and deallocates memory when an entry is removed.
After importing LinkedList from the package java.util, you create a
new instance of LinkedList by invoking its default constructor. For example,
the following statement creates myList as a list of strings:
LinkedList<String> myList = new LinkedList<String>();

You then can go on to use the methods of LinkedList—such as add, set,
get, remove, and size—just as you did when using the class ArrayList.
It makes sense to use predefined classes such as LinkedList and ArrayList,
since they were written by experts, are well tested, and will save you a lot of
work. However, using LinkedList will not teach you how to implement linked
data structures in Java. To do that, you need to see a simple example of building
at least one linked data structure. A linked list is both a simple and a typical
linked data structure. We will construct our own simplified example of a linked
list so you can see how linked data structures work.

■ PROGRAMMING TIP
VideoNote
Using List, ArrayList,
and LinkedList

The Interface List

The Java Collections Framework contains the interface List, which specifies
the operations for an ADT list. The methods listed in Figure 12.1 are a part
of this interface. Both of the classes ArrayList and LinkedList implement
the interface List.
■

S E L F -TE S T QU ESTI ON
17. What changes would you make to the program in Listing 12.1 to use
LinkedList instead of ArrayList?

Linked Lists
A linked list links
nodes

A linked list is a dynamic data structure that links the items in a list to one
another. Figure 12.4 shows a linked list in diagrammatic form. Like all linked
data structures, a linked list consists of objects known as nodes. In the figure,
the nodes are the boxes that are divided in half by a horizontal line. Each
node has a place for some data and a place to hold a link to another node.
The links are shown as arrows that point to the node they “link” to. In Java,
the links are implemented as references to a node, and in practice they are
instance variables of the node type. However, for your first look at a linked
list, you can simply think of the links as arrows. In a linked list, each node
contains only one link, and the nodes are arranged one after the other so as to
form a list, as in Figure 12.4. In an intuitive sense, you or, more properly, your
code moves from node to node, following the links.
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FIGURE 12.4 A Linked List
head

"Duey"

"Cheatem"

"and"

"Howe"
null

The link marked head is not on the list of nodes; in fact, it is not even a
node, but is a link that gets you to the first node. In implementations, head
will contain a reference to a node, so head is a variable of the node type. Your
program can easily move through the list in order, from the first node to the
last node, by following the “arrows.”

RECAP Linked List
A linked list is a data structure consisting of objects known as nodes. Each
node can contain both data and a reference to one other node so that
the nodes link together to form a list, as illustrated in Figure 12.4.

Now let’s see exactly how we can implement a linked list in Java. Each
node is an object of a class that has two instance variables, one for the data
and one for the link. Listing 12.4 gives the definition of a Java class that can
serve as the node class for linked lists like the one shown in Figure 12.4. In
this case, the data in each node consists of a single String value.1 As noted in
Listing 12.4, we will later make this node class private.
Technically speaking, the node does not contain the string, but only a reference to the string,
as would be true of any variable of type String. However, for our purposes, we can think of
the node as containing the string, since we never use this string reference as an “arrow.”
1
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LISTING 12.4 A Node Class
public class ListNode
{
private String data;
private ListNode link;

Later in this chapter, we will hide
this class by making it private.

public ListNode()
{
link = null;
data = null;
}
public ListNode(String newData, ListNode linkValue)
{
data = newData;
link = linkValue;
}
public void setData(String newData)
{
data = newData;
}
public String getData()
{
return data;
}
public void setLink(ListNode newLink)
{
link = newLink;
}
public ListNode getLink()
{
return link;
}
}

The class
ListNode

Notice that the link instance variable of the class ListNode in Listing
12.4 is of type ListNode. This relationship sounds circular, and in a sense, it
is. However, this kind of class definition is perfectly legal in Java. Recall that a
variable of a class type holds a reference to an object of that class. So the link
instance variable of an object of the ListNode class will contain a reference
to another object of the class ListNode. Thus, as the arrows in the diagram
in Figure 12.4 show, each node object of a linked list contains in its link
instance variable a reference to another object of the class ListNode; this other
object contains a reference to another object of the class ListNode, and so on,
until the end of the linked list.
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When dealing with a linked list, your code needs to be able to “get to” the
first node, and you need some way to detect when the last node is reached.
To get to the first node, you use a variable of type ListNode that contains a
reference to the first node. As we noted earlier, this variable is not a node on
the list. In Figure 12.4, the variable containing a reference to the first node is
represented by the box labeled head. The first node in a linked list is called
the head node, and it is common to use the name head for a variable that
contains a reference to this first node. In fact, we call head a head reference.
In Java, you indicate the end of a linked list by setting the link instance
variable of the last node object to null, as shown in Figure 12.4. That way
your code can test whether a node is the last node in a linked list by testing
whether the node’s link instance variable contains null. Recall that you
check whether a variable contains null by using the operator ==. In contrast,
the data instance variable in Listing 12.4 is of type String, and you normally
check two String variables for equality by using the equals method.
Linked lists usually start out empty. Since the variable head is supposed
to contain a reference to the first node in a linked list, what value do you give
head when there is no first node? You give head the value null in order to
indicate an empty list. This technique is traditional and works out nicely for
many algorithms that manipulate a linked list.
REMEMBER Use null for the Empty List and to Indicate Its End
The head reference of an empty linked list contains null, as does the link
portion of the last node of a nonempty linked list.

Implementing the Operations of a Linked List
Listing 12.5 contains a definition of a linked-list class that uses the node
class definition given in Listing 12.4. Note that this new class has only one
instance variable, and it is named head. This head instance variable contains a
reference to the first node in the linked list, or it contains null if the linked list
is empty—that is, when the linked list contains no nodes. The one constructor
sets this head instance variable to null, indicating an empty list.
Before we go on to discuss how nodes are added and removed from a
linked list, let’s suppose that a linked list already has a few nodes and that you
want to display the contents of all the nodes to the screen. You can do so by
writing the following statements:
ListNode position = head;
while (position != null)
{
System.out.println(position.getData());
position = position.getLink();
}
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LISTING 12.5 A Linked-List Class (part 1 of 2)
public class StringLinkedList
We will give another definition of
{
this class later in this chapter.
private ListNode head;
public StringLinkedList()
{
head = null;
}
/**
Displays the data on the list.
*/
public void showList()
{
ListNode position = head;
while (position != null)
{
System.out.println(position.getData());
position = position.getLink();
}
}
/**
Returns the number of nodes on the list.
*/
public int length()
{
int count = 0.
ListNode position = head;
while (position != null)
{
count++;
position = position.getLink();
}
return count;
}
/**
Adds a node containing the data addData at the
start of the list.
*/
public void addANodeToStart(String addData)
{
head = new ListNode(addData, head);
}

(continued)
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LISTING 12.5 A Linked-List Class (part 2 of 2)
/**
Deletes the first node on the list.
*/
public void deleteHeadNode()
{
if (head != null)
head = head.getLink();
else
{
System.out.println("Deleting from an empty list.");
System.exit(0);
}
}
/**
Sees whether target is on the list.
*/
public boolean onList(String target)
{
return find(target) != null;
}
//Returns a reference to the first node containing the
//target data. If target is not on the list, returns null.
private ListNode find(String target)
{
boolean found = false;
ListNode position = head;
while ((position != null) && !found)
{
String dataAtPosition = position.getData();
if (dataAtPosition.equals(target))
found = true;
else
position = position.getLink();
}
return position
}
}

The variable named position contains a reference to one node. Initially,
position contains the same reference as the head instance variable; thus, it
starts out positioned at the first node. After we display the data in that node, the
reference in position changes from one node to the next via the assignment
position = position.getLink();

This process is illustrated in Figure 12.5.

Stepping through
a list
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FIGURE 12.5 Moving Down a Linked List
head

position

"Duey"

"Cheatem"

This reference is
position.getLink( )

"and"

"Howe"
null

When position is at this last node,
position.getLink( ) == null.

To see that this assignment “moves” the position variable to the next
node, note that position contains a reference to the node pointed to by the
position arrow in Figure 12.5. So position is a name for that node, and
position.link is a name for the link portion of that node. Thus, position.
link references the next node. The value of link is produced by calling the
accessor method getLink. Therefore, a reference to the next node in the linked
list is position.getLink(). You “move” the position variable by giving it the
value of position.getLink().
The previous loop continues to move the position variable down the
linked list, displaying the data in each node as it goes along. When position
reaches the last node, it displays the data in that node and again executes
position = position.getLink();

If you study Figure 12.5, you will see that position’s value is set to null at
this point. When this occurs, we want to stop the loop, so we iterate the loop
while position is not null.
The method showList contains the loop that we just discussed. The
method length uses a similar loop, but instead of displaying the data in each
node, length just counts the nodes as the loop moves from node to node.
When the loop ends, length returns the number of entries on the list. By the
way, a process that moves from node to node in a linked list is said to traverse
the list. Both showList and length traverse our list.
Next, let’s consider how the method addANodeToStart adds a node to the
start of the linked list so that the new node becomes the first node of the list.
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This operation is performed by the single statement

Adding a node at
the beginning of
the list

head = new ListNode(addData, head);

In other words, the variable head is set equal to a reference to a new node,
making the new node the first node in the linked list. To link this new node
to the rest of the list, we need only set the link instance variable of the new
node equal to a reference to the old first node. But we have already done that:
The new node produced by newListNode(addData, head) references the old
first node, because head contains a reference to the old first node before it is
assigned a reference to the new node. Therefore, everything works out as it
should. This process is illustrated in Figure 12.6.
So far, we have added a node only at the start of the linked list. Later, we
will discuss adding nodes at other places in a linked list, but the easiest place to
add a node is at the start of the list. This is also the easiest place to delete a node.
The method deleteHeadNode removes the first node from the linked list
and leaves the head variable referencing the old second node—which is now
the first node—in the linked list. We will leave it to you to figure out that the
following assignment correctly accomplishes this deletion:
head = head.getLink();

FIGURE 12.6 Adding a Node at the Start of a Linked List
new ListNode("New Data", head)

creates this node and positions it as shown.

The next step will change head
so it references the new node.

head
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Listing 12.6 contains a simple program that demonstrates the behavior of
some of the methods we just discussed.
LISTING 12.6 A Linked-List Demonstration
public class StringLinkedListDemo
{
public static void main(String[] args)
{
StringLinkedList list = new StringLinkedList();
list.addANodeToStart("One");
list.addANodeToStart("Two");
list.addANodeToStart("Three");
System.out.println("List has " + list.length() +
" entries.");
list.showList();
if (list.onList("Three"));
System.out.println("Three is on list.");
else
System.out.println("Three is NOT on list.");
list.deleteHeadNode();
if (list.onList("Three"));
System.out.println("Three is on list.");
else
System.out.println("Three is NOT on list.");
list.deleteHeadNode();
list.deleteHeadNode();
System.out.println("Start of list:");
list.showList();
System.out.println("End of list");
}
}

Screen Output
List has 3 entries.
Three
Two
One
Three is on list.
Three is NOT on list.
Start of list:
End of list.
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FAQ What happens to a deleted node?
When your code deletes a node from a linked list, it removes the linked
list’s reference to that node. So as far as the linked list is concerned,
the node is no longer in the linked list. But you gave no command to
destroy the node, so it must be someplace in the computer’s memory.
If there is no other reference to the deleted node, the storage that it
occupies should be made available for other uses. In many programming
languages, you, the programmer, must keep track of deleted nodes and
give explicit commands to return their memory for recycling to other
uses. This process is called garbage collecting. In Java, this task is done
for you automatically, or, as it is ordinarily phrased, Java has automatic
garbage collection.

GOTCHA

NullPointerException

You have undoubtedly received the message NullPointerException at
some time when you have run a program. (If you have not received the
message, congratulations! You are an exceptionally careful programmer.)
The message NullPointerException indicates that your code tried to use
a variable of a class type to reference an object, but the variable contains
null. That is, the variable does not contain a reference to any object. This
message may make more sense to you now. In our nodes, we used null to
indicate that a link instance variable contains no reference. So a value of
null indicates no object reference, and that is why the exception is called
NullPointerException.
A NullPointerException is one of the exceptions that you do not need to
catch in a catch block or declare in a throws clause. Instead, it indicates that
you need to fix your code.
■

REMEMBER Most Nodes Have No Name
The variable head contains a reference to the first node in a linked
list. So head can be used as a name for the first node. However, the
other nodes in the linked list have no named variable that contains
a reference to any of them, so the rest of the nodes in the linked list
are nameless. The only way to name one of them is via some indirect
reference, like head.getLink(), or by using another variable of
type ListNode, such as the local variable position in the method
showList (Listing 12.5).
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S E L F -TE S T QU ESTI ONS
18. How do you mark the end of a linked list?
19. Assume that the variable head is supposed to contain a reference to the
first node in a linked list and that the linked list is empty. What value
should head have?
20. Write a definition of a method isEmpty for the class StringLinkedList
that returns true if the list is empty, that is, if it has no nodes.
21. What output is produced by the following code?
StringLinkedList list = new StringLinkedList();
list.addANodeToStart("A");
list.addANodeToStart("B");
list.addANodeToStart("C");
list.showList();

A Privacy Leak
The point made in this section is important but a bit subtle. It will help you
to understand this section if you first review Section 6.5 in Chapter 6. There
we said that a privacy problem can arise in any situation in which a method
returns a reference to a private instance variable of a class type. The private
restriction on the instance variable could be defeated easily if it names an
object that has a set method. Getting a reference to such an object could allow
a programmer to change the private instance variables of the object.
Consider the method getLink in the class ListNode (Listing 12.4). It
returns a value of type ListNode. That is, it returns a reference to a ListNode
PCKFDU UIBUJT BOPEF.PSFPWFS  ListNode has public set methods that can
damage the contents of a node. Thus, getLink can cause a privacy leak.
On the other hand, the method getData in the class ListNode causes no
privacy leak, but only because the class String has no set methods. The class
String is a special case. If the data were of another class type, getData could
produce a privacy leak.
If the class ListNode is used only in the definition of the class
StringLinkedList and classes like it, there is no privacy leak. This is the
because no public method in the class StringLinkedList returns a reference
to a node. Although the return type of the method find is ListNode, it is a
private method. If the method find were public, a privacy leak would result.
Therefore, note that making find private is not simply a minor stylistic point.
Although there is no problem with the class definition of ListNode when
it is used in a class definition like StringLinkedList, we cannot guarantee
that the class ListNode will be used only in this way. You can fix this privacy-

12.3 Linked Data Structures

877

leak problem in a number of ways. The most straightforward way is to make
the class ListNode a private inner class in the class StringLinkedList, as
discussed in the next two sections, “Inner classes” and “Node Inner Classes.”
Another, and similar, solution is to place both of the classes ListNode and
StringLinkedList into a package; change the private instance variable
restriction to the package restriction, as discussed in Appendix 3; and omit the
accessor method getLink.

Inner Classes
Inner classes are classes defined within other classes. Although a full
description of inner classes is beyond the scope of this book, some simple
uses of inner classes can be both easy to understand and helpful. In this
section, we describe inner classes in general and show how we will use them.
In the next section, we give an example of an inner class defined within the
linked-list class. That node inner class will be a solution to the privacy leak we
just described.
Defining an inner class is straightforward; simply include the definition of
the inner class within another class—the outer class—as follows:
public class OuterClass
{
Declarations_of_OuterClass_Instance_Variables
Definitions_of_OuterClass_Methods
private class InnerClass
{
Declarations_of_InnerClass_Instance_Variables
Definitions_of_InnerClass_Methods
}
}

The definition of the inner class need not be the last item of the outer class, but
it is good to place it either last or first so that it is easy to find. The inner class
need not be private, but that is the only case we will consider in this book.
An inner-class definition is local to the outer-class definition. So you may
reuse the name of the inner class for something else outside the definition of
the outer class. If the inner class is private, as ours will always be, the inner
class cannot be used outside the definition of the outer class.
The inner-class definition can be used anywhere within the definition
of the outer class, and it has a special property that facilitates this use: The
methods of the inner and outer classes have access to each other’s methods
and instance variables, even if they are private. Within the definitions of
the inner or outer classes, the modifiers public and private are equivalent.
Although some details of inner-class usage can be tricky, we will consider only
simple cases similar to the one in the next section.
We will revisit inner classes in Chapter 15, which is on the book’s Web
site.

Define an inner
class entirely
within an outer
class
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Node Inner Classes
ListNode as an
inner class

You can make classes like StringLinkedList self-contained by making node
classes such as ListNode inner classes, as follows:
public class StringLinkedList
{
private ListNode head;

<The methods in Listing 12.5 are inserted here.>
private class ListNode
{

<The rest of the definition of ListNode is the same as in Listing 12.4.>
}
}

Extra code on the
Web

VideoNote
Adding a node anywhere
in a linked list

Note that we’ve made the class ListNode a private inner class. If an inner class is
OPUJOUFOEFEUPCFVTFEFMTFXIFSF JUTIPVMECFNBEFQSJWBUF.BLJOHListNode
a private inner class is also safer, because it hides the method getLink from
the world outside the StringLinkedList definition. As we noted earlier, in the
section entitled “A Privacy Leak,” it can be dangerous for a publicly available
method to return a reference to an instance variable of a class type.
If you are going to make the class ListNode a private inner class in the
definition of StringLinkedList, you can safely simplify the definition of
ListNode by eliminating the accessor and mutator methods (the set and
get methods) and just use direct access to the instance variables data and
link. In Listing 12.7, we have rewritten the class StringLinkedList in this
way. This version, named StringLinkedListSelf-Contained, is equivalent
to the class StringLinkedList in Listing 12.5 in that it has the same
methods that perform the same actions. In fact, if you run the program
StringLinkedListDemo in Listing 12.6, replacing the class StringLinkedList
with StringLinkedListSelfContained, the sample output will not change.
(The program StringLinkedListSelfContainedDemo is included with the
book’s source code and does just that.)
REMEMBER Node Inner Class
You can make a linked data structure, such as a linked list, self-contained
by making the node class an inner class of the linked-list class.

Iterators

An iterator
steps through a
collection

When you have a collection of objects, such as the nodes of a linked list, you
often need to step through all the objects in the collection and perform some
action on each object, such as displaying it on the screen or in some way
editing its data. An iterator is any variable that allows you to step through the
list in this way.

12.3 Linked Data Structures

LISTING 12.7 A Linked List with a Node Class as an
Inner Class (part 1 of 2)
public class StringLinkedListSelfContained
{
private ListNode head;
public StringLinkedListSelfContained()
{
head = null;
}
/**
Displays the data on the list.
*/
Note that the outer class has direct
public void showList()
access to the inner-class instance
{
variables data and link.
ListNode position = head;
while (position != null)
{
System.out.println(position.data);
position = position.link;
}
}
/**
Returns the number of nodes on the list.
*/
public int length()
{
int count = 0;
ListNode position = head;
while (position != null)
{
count++;
position = position.link;
}
return count
}
/**
Adds a node containing the data addData at the
start of the list.
*/
public void addANodeToStart(String addData)
{
head = new ListNode(addData, head);
}
/**
Deletes the first node on the list.
*/
public void deleteHeadNode()
{

(continued)
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LISTING 12.7 A Linked List with a Node Class as an
Inner Class (part 2 of 2)
if (head != null)
head = head.link;
else
{
System.out.println("Deleting from an empty list.");
System.exit(0);
}
}
/**
Sees whether target is on the list.
*/
public boolean onList(String target)
{
return (find(target) != null);
}
//Returns a reference to the first node containing the
//target data. If target is not on the list, returns null.
private ListNode find(String target)
{
boolean found = false;
ListNode position = head;
while ((position != null) && !found)
{
String dataAtPosition = position.data;
if (dataAtPosition.equals(target))
found = true;
else
position = position.link;
}
return position;
An inner class
}
private class ListNode
{
private String data;
private ListNode link;
public ListNode()
{
link = null;
data = null;
}
public ListNode(String newData, ListNode linkValue)
{
data = newData;
link = linkValue;
}
}
}

End of outer-class definition

12.3 Linked Data Structures

We will begin by looking at an iterator for an array, as it is easier to
program than an iterator for a linked list. An array is a collection of elements
having the same data type. An iterator for an array is an int variable. If the
array is named anArray and the int variable is named index, you can step
through all the elements in the array as follows:
for (index = 0; index < anArray.length; index++)
Process anArray[index]

The int variable index is the iterator. You can iterate—that is, go from
element to element—with the action index++.
If you create an array of all the data objects in a linked list, you can iterate
through the array. That process is equivalent to iterating through the linked
list, provided that you do not want to change the data in the linked list but
want only to look at it. For this reason, it is common to have a method in a
list class that places all the data in the linked list into an array. Such a method
is shown in Listing 12.8. This method, named toArray, can be added to
the linked list in Listing 12.7. (The class StringLinkedListSelfContained,
included in the source code available on the Web, contains this method.)
LISTING 12.8 Placing the Linked-List Data into an Array
This method can be added to the
linked-list class in Listing 12.7.

/**
Returns an array of the elements on the list.
*/
public String[] toArray()
{
String[] anArray = new String[length()];
ListNode position = head;
int i = 0;
while (position != null)
{
anArray[i] = position.data;
i++;
position = position.link;
}
return anArray;
}

RECAP Iterators
Any variable that allows you to step through a collection of data items, such
as an array or a linked list, one item at a time in a reasonable way is called
an iterator. By “a reasonable way,” we mean that each item is visited exactly
once in one full cycle of iterations and that each item can have its data read
and, if the data items allow it, can have the data changed.

Extra code on
Web
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If you want an iterator that will move through a linked list and allow
you to perform operations, such as change the data at a node or even insert
or delete a node, having an array of the linked-list data will not suffice.
However, an iterator for an array hints at how to proceed. Just as an index
specifies an array element, a reference for a node specifies a node. Thus, if
you add an instance variable, perhaps named current, to the linked-list
class StringLinkedListSelfContained given in Listing 12.7, you can use
this instance variable as an iterator. We have done so in Listing 12.9 and
have renamed the class StringLinkedListWithIterator. As you can see,
we have added a number of methods to manipulate the instance variable
current. This instance variable is the iterator, but because it is marked
private, we need methods to manipulate it. We have also added methods
for adding and deleting a node at any place in the linked list. The iterator
makes it easier to express these methods for adding and deleting nodes,
because it gives us a way to name an arbitrary node. Let’s go over the
details.

LISTING 12.9 A Linked List with an Iterator (part 1 of 4)
/**
Linked list with an iterator. One node is the "current node."
Initially, the current node is the first node. It can be changed
to the next node until the iteration has moved beyond the end
of the list.
*/
public class StringLinkedListWithIterator
{
private ListNode head;
private ListNode current;
private ListNode previous;
public StringLinkedListWithIterator()
{
head = null;
current = null;
previous = null;
}
public void addANodeToStart(String addData)
{
head = new ListNode(addData, head);
if ((current == head.link) && (current != null))
//if current is at old start node
previous = head;
}

(continued)
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LISTING 12.9

A Linked List with an Iterator (part 2 of 4)

/**
Sets iterator to beginning of list.
*/
public void resetIteration()
{
current = head;
previous = null;
}
/**
Returns true if iteration is not finished.
*/
public boolean moreToIterate()
{
return current != null;
}
/**
Advances iterator to next node.
*/
public void goToNext()
{
if (current != null)
{
previous = current;
current = current.link;
}
else if (head != null)
{
System.out.println(
"Iterated too many times or uninitialized
iteration.");
System.exit(0);
}
else
{
System.out.println("Iterating with an empty list.");
System.exit(0);
}
}
/**
Returns the data at the current node.
*/
public String getDataAtCurrent()
{
String result = null;
if (current != null)
result = current.data;

(continued)
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LISTING 12.9 A Linked List with an Iterator (part 3 of 4)
else
{
System.out.println(
"Getting data when current is not at any node.");
System.exit(0);
}
return result;
}
/**
Replaces the data at the current node.
/*
public void setDataAtCurrent(String newData)
{
if (current != null)
{
current.data = newData;
}
else
{
System.out.println(
"Setting data when current is not at any node.");
System.exit(0);
}
}
/**
Inserts a new node containing newData after the current node.
The current node is the same after invocation as it is before.
Precondition: List is not empty; current node is not
beyond the entire list.
*/
public void insertNodeAfterCurrent(String newData)
{
ListNode newNode = new LisNode();
newNode.data = newData;
if (current != null)
{
newNode.link = current.link;
current.link = newNode;
}
else if (head != null)
{
System.out.println(
"Inserting when iterator is past all " +
"nodes or is not initialized.");
System.exit(0);
}

(continued)
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LISTING 12.9

A Linked List with an Iterator (part 4 of 4)

else
{
System.out.println(
"Using insertNodeAfterCurrent with empty list.";
System.exit(0);
}
}
/**
Deletes the current node. After the invocation,
the current node is either the node after the
deleted node or null if there is no next node.
*/
public void deleteCurrentNode()
{
if ((current != null) && (previous == null))
{
previous.link = current.link;
current = current.link;
}
else if ((current != null) && (previous == null))
{//At head node
head = current.link;
current = head;
}
else //current==null
{
System.out.println(
"Deleting with uninitialized current or an empty " +
"list.");
System.exit(0);
}
}
<The methods length, onList, find, and showList, as well as the

private inner class ListNode are the same as in Listing 12.7.>
<The method toArray is the same as in Listing 12.8.>
}
deleteHeadNode is no longer needed, since
you have deleteCurrentNode, but if you
want to retain deleteHeadNode, it must
be redefined to account for current and
previous.
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Instance variables
current and
previous
The method
goToNext
An internal
iterator
An external
iterator

In addition to the instance variables head and current, we have added an
instance variable named previous. The idea is that, as the reference current
moves down the linked list, the reference previous follows behind by one node.
This setup gives us a way to reference the node before the one named by current.
Since the links in the linked list all move in one direction, we need the node
previous so that we can do something equivalent to backing up one node.
The method resetIteration starts current at the beginning of the linked
list by giving it a reference to the first (head) node, as follows:
current = head;

ASIDE Internal and External Iterators
The class StringLinkedListWithIterator
(Listing 12.9) uses the instance variable
current of type ListNode as an iterator to
step through the nodes of the linked list one
after the other. An iterator defined within
the linked-list class in this way is known as an
internal iterator.
If you copy the values in a linked list to an
array via the method toArray, you can use a
variable of type int as an iterator on the array.
The int variable holds one index of the array
and thus specifies one element of the array
and one data item of the linked list. If the int
variable is named position and the array is
named a, the iterator position specifies the
element a[position]. To move to the next
item, simply increase the value of position
by 1. An iterator that is defined outside the
linked list, such as the int variable position,
is known as an external iterator. Note that
the important thing is not that the array is
outside the linked list, but that the int variable
position, which is the iterator, is outside the
linked list. To better understand this point,
note that the int variable position is also an
external iterator for the array.
You can have several external iterators at
one time, each at a different position within
the same list. This is not possible with internal
iterators, which is a distinct disadvantage.
It is possible to define an external
iterator that works directly with the linked
list, rather than with an array of the linkedlist data. However, that technique is a bit
more complicated, and we will not go into it
in this text.

Because the instance variable previous has no
previous node to reference, it is simply given the
value null by the resetIteration method.
The method goToNext moves the iterator to
the next node, as follows:
previous = current;
current = current.link;

This process is illustrated in Figure 12.7. In the
goToNext method, the last two clauses of the
multibranch if-else statement simply produce
an error message when the method goToNext is
used in a situation where using it does not make
sense.
The method moreToIterate returns true as
long as current is not equal to null, that is, as
long as current contains a reference to some
node. This result makes sense most of the time,
but why does the method return true when
current contains a reference to the last node?
When current references the last node, your
program cannot tell that it is at the last node until
it invokes goToNext one more time, at which
point current is set to null. Study Figure 12.7
or the definition of goToNext to see how this
process works. When current is equal to null,
moreToIterate returns false, indicating that the
entire list has been traversed.
Now that our linked list has an iterator, our
code has a way to reference any node in the linked
list. The current instance variable can hold
a reference to any one node; that one node is
known as the node at the iterator. The method
insertAfterIterator inserts a new node after
the node at the iterator (at current). This process
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887

FIGURE 12.7 The Effect of goToNext on a Linked List
Before
head

previous

current

After
"Duey"

head

"Cheatem"

"and"

"Duey"

"Cheatem"

previous

"and"

current.link
"Howe"

current

"Howe"

null

null

current = current.link
gives current a reference

to this last node.

is illustrated in Figure 12.8. The method deleteCurrentNode deletes the node
at the iterator. This process is illustrated in Figure 12.9.
The other methods in the class StringLinkedListWithIterator
(Listing 12.9) are fairly straightforward, and we will leave it up to you to read
their definitions and see how they work.

S E L F-TE S T QU E S TIO N S
22. What is an inner class?
23. Why does the definition of the inner class ListNode in Listing 12.7 not
have the accessor and mutator methods getLink, setLink, getData, and
setData, as the class definition ListNode in Listing 12.4 does?
24. What is an iterator for a collection of items, such as an array or a linked
list?

The method
moreToIterate
Inserting and
deleting items
within a list
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FIGURE 12.8 Adding a Node to a Linked List, Using insertAfterIterator
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FIGURE 12.9 Deleting a Node
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The Java Iterator Interface
The standard
interface
Iterator

Our introduction to iterators defined them as variables that enable you to step
through a collection of items. However, Java formally considers an iterator
to be an object, not simply a variable. The interface named Iterator in the
package java.util stipulates how Java would like an iterator to behave. The
interface specifies the following three methods:
t hasNext—returns true if the iteration has another element to return.
t next—returns the next element in the iteration.
t remove—removes from the collection the element returned most recently
by the invocation next().
Our iterators do not satisfy this interface, but it is easy to define classes
that use our iterators and that do satisfy this interface. The Iterator interface
also uses exception handling, but that use is not difficult to understand.
Appendix 8, which is on the book’s Web site, briefly describes the Iterator
interface. Exercise 16 at the end of this chapter asks you to define a linked-list
class that satisfies this interface.

Exception Handling with Linked Lists
As you may have guessed, you need to have read Chapter 9, on exception
handling, before reading this section.
Consider the class StringLinkedListWithIterator in Listing 12.9. We
defined the methods for that class such that whenever something went wrong,
the method sent an error message to the screen and ended the program.
However, it may not always be necessary to end the program when something
unusual happens. To allow the programmer to provide an action in these
unusual situations, it would make more sense to throw an exception and let
the programmer decide how to handle the situation. The programmer can still
decide to end the program but instead could do something else. For example,
you could rewrite the method goToNext as follows:
public void goToNext() throws LinkedListException
{
if (current != null)
{
previous = current;
current = current.link;
}
else if (head != null)
throw new LinkedListException("Iterated too many times"
+ " or uninitialized iteration.");
else
throw new LinkedListException("Iterating an empty "+
"list.");
}

12.3 Linked Data Structures

LISTING 12.10 The LinkedListException Class
public class LinkedListException extends Exception
{
public LinkedListException()
{
super("Linked List Exception");
}
public LinkedListException(String message)
{
super(message);
}
}

In this version, we have replaced each of the branches that end the program with
a branch that throws an exception. The exception class LinkedListException
can be a routine exception class, as shown in Listing 12.10.
You can use an exception thrown during an iteration for a number of
different purposes. One possibility is to check for the end of a linked list. For
example, suppose that the version of StringLinkedListWithIterator that
throws exceptions is named StringLinkedListWithIterator2. The following
code removes all nodes that contain a given string (badString) from a linked
list, throwing an exception if it attempts to read past the end of the list:
StringLinkedListWithIterator2 list =
new StringLinkedListWithIterator2();
String badString;
<Some code to fill the linked list and set the variable badString.>
list.resetIteration();
try
{
while (list.length() >= 0)
{
if (badString.equals(list.getDataAtCurrent()))
list.deleteCurrentNode();
else
list.goToNext();
}
}
catch(LinkedListException e)
{
if (e.getMessage().equals("Iterating an empty list."))
{//This should never happen, but
//the catch block is compulsory.
System.out.println("Fatal Error.");
System.exit(0);
}
}
System.out.println("List cleaned of bad strings.");
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This use of an exception to test for the end of a list may seem a bit strange
at first, but similar uses of exceptions do occur in Java programming. For
example, Java requires something like this when checking for the end of a
binary file. Of course, there are many other uses for the LinkedListException
class.
The self-test questions that follow ask you to rewrite more of the methods
in StringLinkedListWithIterator so that they throw exceptions in unusual
or error situations.

S E L F -TE S T QU ESTI ONS
25. Redefine the method getDataAtCurrent in StringLinkedListWith
Iterator (Listing 12.9) so that it throws an exception instead of ending the
program when something unusual happens.
26. Repeat Question 25 for the method setDataAtCurrent.
27. Repeat Question 25 for the method insertNodeAfterCurrent.
28. Repeat Question 25 for the method deleteCurrentNode.

Variations on a Linked List

A list node having
Object data

The study of data structures is a large topic, with many good books on the
subject. In this book, we want to introduce you to all aspects of programming,
and therefore we cannot go into the topic of linked data structures in
exhaustive detail. Instead, we will give you an informal introduction to a few
important linked data structures, beginning with some other kinds of linked
lists that link their nodes in different ways.
You can have a linked list of any kind of data. Just replace the type String
in the definition of the node class (and other corresponding places) with
the data type you want to use. You can even have a linked list of objects of
different kinds by replacing the type String in the node definition (and other
corresponding places) with the type Object, as shown in the following code:
private class ListNode
{
private Object data;
private ListNode link;
public ListNode()
{
link = null;
data = null;
}
public ListNode(Object newData, ListNode linkValue)
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{
data = newData;
link = linkValue;
}
}

Because an object of any class type is also of type Object, you can store any
kinds of objects in a linked list with nodes of this kind.
Instead of using Object as the data type of the list items, you can use a
generic data type. Section 12.3 of this chapter will show you how. By using a
generic data type, you restrict the objects in the linked list to having the same
data type.
Sometimes it is handy to have a reference to the last node in a linked
list. This last node is often called the tail node of the list, so the linked-list
definition might begin as follows:

The last node in
a linked list is its
tail node

public class StringLinkedListWithTail
{
private ListNode head;
private ListNode tail;
. . .

The constructors and methods must be modified to accommodate the new
reference, tail, but the details of doing so are routine.
You have seen that the link portion of the last node in a linked list
contains null. In a circular linked list, this link is instead a reference to the
first node. Thus, no link in a circular linked list is null. Such a linked list still
has a beginning and an end, as well as an external reference to either its first
node or its last node. Figure 12.10 illustrates a circular linked list that has
an external reference, tail, to its last node. Note that tail.link is then a
reference to the list’s first node.
An ordinary linked list allows you to follow its links and move down the
list in only one direction. A doubly linked list has two links in each node:
one link is a reference to the next node and one is a reference to the previous
node. Figure 12.11 illustrates a doubly linked list.
FIGURE 12.10 A Circular Linked List

tail

A linked list can
be circular

A linked list can
be doubly linked
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FIGURE 12.11 A Doubly Linked List
null

null

The node class for a doubly linked list can begin as follows:
private class ListNode
{
private Object data;
private ListNode next;
private ListNode previous;
. . .

The constructors and some of the methods in the doubly linked list class will
have somewhat different definitions than those in the singly linked case in
order to accommodate the extra link.
A circular doubly linked list is also possible. In this structure, the
previous link of the first node references the last node and the next link of
the last node references the first node.

Other Linked Data Structures

The ADT stack

A binary tree

We have discussed a few kinds of linked lists as examples of linked data
structures. Here are several more linked data structures that you will surely
encounter in later studies.
A stack is an ADT whose implementation is not necessarily a linked data
structure, but it can be implemented as one. A stack organizes its data so that
items are removed in the reverse of the order in which they were inserted.
So if you insert "one", then "two", and then "three" into a stack and then
remove them, they will come out in the order "three", then "two", and
finally "one". A linked list that inserts and deletes only at the beginning of the
list—such as the one in Listing 12.5—behaves like a stack, and so can be an
implementation of a stack.
Another common and powerful data structure is a tree. In a tree, each
node leads to several other nodes. The most common form of a tree is a
binary tree, in which each node has links to at most two other nodes. This
tree has the same kind of nodes as a doubly linked list, but they are used in a
very different way. A binary tree can be represented diagramatically as shown
in Figure 12.12.
It is not an accident that we have no references leading back up the tree in our
diagram of a binary tree. In a tree, the nodes must be arranged without any loops.
The top node in a binary tree is known as the root node, and there
is normally a reference to this root node, just as there is a reference to the
head node of a linked list. Every node can be reached from the root node by
following suitable links.
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FIGURE 12.12 A Binary Tree
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12.4 GENERICS
generic adj. 1. Relating to or descriptive of an entire group or class; general.
—THE AMERICAN HERITAGE DICTIONARY OF THE ENGLISH LANGUAGE, FOURTH EDITION*

As we mentioned earlier, beginning with version 5.0, Java allows class
definitions to include parameters for data types. These parameters are called
generics. This section gives a brief introduction to this topic. Programming
with generics can be subtle and requires care. To do serious programming
with generics, you may want to consult a more advanced text.

The Basics
Classes and methods can use a type parameter instead of a specific data type.
When Generics allows you to parameterize a data type using such a class
or method, a programmer plugs in any class type for the type parameter to
produce a specific class type or method for that particular instance. For example,
Listing 12.11 shows a very simple class definition that uses a type parameter T.
Notice the angle bracket notation around T in the class heading. You can use
any nonkeyword identifier for the type parameter; you need not use T. However,
by convention, type parameters start with an uppercase letter, and there seems
to be a tradition of using a single letter for these parameters. Starting with an
uppercase letter makes sense, since only a class type may be plugged in for the
type parameter. The tradition of using a single letter is not as compelling.
When writing a class or method that uses a type parameter, you can use
the parameter almost anywhere that you can use a class type. For example, the
class Sample in Listing 12.11 uses T as the data type of the instance variable
data, the method parameter newValue, and the return type of the method
getData. You cannot, however, use a type parameter to create a new object. So
even though data is of type T in the class Sample, you cannot write
data = new T(); //Illegal!

'VMMBOEQBSUJBMEJDUJPOBSZFOUSJFTGSPN5)&".&3*$"/)&3*5"(&%*$5*0/"3:0'
5)&&/(-*4)-"/(6"(&$PQZSJHIUªCZ)PVHIUPO.JGGMJO)BSDPVSU1VCMJTIJOH
$PNQBOZ"EBQUFEBOESFQSPEVDFECZQFSNJTTJPOGSPN5)&".&3*$"/)&3*5"(&
%*$5*0/"3:0'5)&&/(-*4)-"/(6"(& 'PVSUI&EJUJPO
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LISTING 12.11 A Class Definition That Uses a Type
Parameter
public class Sample<T>
{
private T data;
public void setData(T newValue)
{
data = newValue;
}
public T getData()
{
return data;
}
}

.PSFPWFS ZPVDBOOPUVTFBUZQFQBSBNFUFSXIFOBMMPDBUJOHNFNPSZGPSBO
array. Although you can declare an array by writing a statement such as
T[] anArray; //Valid declaration of an array

you cannot write
anArray = new T[20]; //Illegal!

GOTCHA

You Cannot Use a Type Parameter Everywhere You Can
Use a Type Name

Within the definition of a parameterized class definition, there are places
where a type name is allowed but a type parameter is not. You cannot use a
type parameter in simple expressions that use new to create a new object or
to allocate memory for an array. For example, the following expressions are
illegal within the definition of a parameterized class definition whose type
parameter is T:
new T(); //Illegal!
new T[20]; //Illegal!

■

A class definition that uses a type parameter is stored in a file and
compiled just like any other class. For example, the parameterized class shown
in Listing 12.11 would be stored in a file named Sample.java.
Once the parameterized class is compiled, it can be used like any other
class, except that when using it in your code, you must specify a class type to
replace the type parameter. For example, the class Sample from Listing 12.11
could be used as follows:

12.4 Generics
Sample<String> sample1 = new Sample<String>();
sample1.setData("Hello");
Sample<Species> sample2 = new Sample<Species>();
Species creature = new Species();
... <Some code to set the data for the object creature>
sample1.setData(creature);

Notice the angle bracket notation for the actual class type that replaces the
type parameter. The class Species could be as defined in Chapter 5, but the
details do not matter; it could be any class you define.
You should now realize that the class ArrayList, which we discussed at
the beginning of this chapter, is a parameterized class. Recall that we created
an instance of ArrayList by writing, for example,
ArrayList<String> list = new ArrayList<String>(20);

Here String replaces the type parameter in the definition of the class.

RECAP Class Definitions Having a Type Parameter
You can define classes that use a parameter instead of an actual class
type. You write the type parameter within angle brackets right after
the class name in the heading of the class definition. You can use any
nonkeyword identifier for the type parameter, but by convention, the
type parameter starts with an uppercase letter.
You use the type parameter within the class definition in the same
way that you would use an actual class type, except that you cannot use
it in conjunction with new.
EXAMPLE
See Listing 12.11.

RECAP Using a Class Whose Definition Has a Type Parameter
You create an object of a parameterized class in the same way that you create
an object of any other class, except that you specify an actual class type, rather
than the type parameter, within angle brackets after the class name.
EXAMPLE
Sample<String> anObject = new Sample<String>();
anObject.setData("Hello");
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GOTCHA

You Cannot Plug in a Primitive Type for a Type
Parameter

When you create an object of a class that has a type parameter, you cannot
plug in a primitive type, such as int, double, or char. For example, the
following statement will cause a syntax error:
ArrayList<int> aList = new ArrayList<int>(20); //Illegal!

The type plugged in for a type parameter must be a class type.

■ PROGRAMMING TIP

■

Compile with the -Xlint Option

There are many pitfalls that you can encounter when using type parameters.
If you compile with the -Xlint option, you will receive more informative
diagnostics of any problems or potential problems in your code. For example,
the class Sample in Listing 12.11 should be compiled as follows:
javac -Xlint Sample.java

If you are using an integrated development environment, or IDE, to compile
your programs, check your documentation to see how to set a compiler
option.
When compiling with the -Xlint option, you will get more warnings
than you would otherwise get. A warning is not an error, and if the compiler
gives only warnings and no error message, the class has compiled and can be
used. However, in most cases be sure you understand the warning and feel
confident that it does not indicate a problem, or else change your code to
eliminate the warning.
■

PROGRAMMING EXAMPLE

A Generic Linked List

Let’s revise the definition of the linked-list class that appears in Listing 12.7 to
use a type parameter, E, instead of the type String as the type of data stored
on the list. Listing 12.12 shows the result of this revision.
Notice that the constructor heading looks just as it would in a nonparameterized class. It does not include <E>, the type parameter within angle
brackets, after the constructor’s name. This is counterintuitive to many people.
While a constructor—like any other method in the class—can use the type
parameter within its body, its heading does not include the type parameter.
Likewise, the inner class ListNode does not have <E> after its name in its
heading, but ListNode does uses the type parameter E within its definition.
These are correct as shown, however, because ListNode is an inner class and
can access the type parameter of its outer class.

12.4 Generics

LISTING 12.12 A Generic Linked-List Class (part 1 of 2)
import java.util.ArrayList;
public class LinkedList2<E>
{
private ListNode head;
Constructor headings do not
public LinkedList2( )
include the type parameter.
{
head = null;
}
public void showList( )
{
ListNode position = head;
while (position != null)
{
System.out.println(position.getData( ));
position = position.getLink( );
}
}
public int length( )
{
int count = 0;
ListNode position = head;
while (position != null)
{
count++;
position = position.getLink( );
}
return count;
}
public void addANodeToStart(E addData)
{
head = new ListNode(addData, head);
}
public void deleteHeadNode( )
{
if (head != null)
{
head = head.getLink( );
}
else
{
System.out.println("Deleting from an empty list.");
System.exit(0);
}
}
public boolean onList(E target)
{
return find(target) != null;
}

(continued)

899

900

CHAPTER 12 / Dynamic Data Structures and Generics

LISTING 12.12 A Generic Linked-List Class (part 2 of 2)
private ListNode find(E target)
{
boolean found = false;
ListNode position = head;
while (position != null)
{
E dataAtPosition = position.getData();
if (dataAtPosition.equals(target))
found = true;
else
position = position.getLink();
}
return position;
}
private ArrayList<E> toArrayList()
{
ArrayList<E> list = new ArrayList<E>(length());
ListNode position = head;
while (position != null)
{
list.add(position.data);
position = position.link;
}
return list;
}
The inner class heading
private class ListNode
has no type parameter.
{
private E data;
private ListNode link;
public ListNode()
{
link = null;
data = null;
}
public ListNode(E newData, ListNode linkValue)
{
However, the type parameter
data = newData;
is used within the definition of
link = linkValue;
the inner class.
}
public E getData()
{
return data;
}
public ListNode getLink()
{
return link;
}
}
}

12.4 Generics
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The linked-list class in Listing 12.7 can have a method named toArray—
shown in Listing 12.8—that returns an array containing the same data as the
linked list. However, our generic version of a linked list cannot implement this
same method. If we were to translate toArray in Listing 12.8 so that we could
include it in our generic linked list in Listing 12.12, it would begin as follows:
public E[] toArray()
{
E[] anArray = new E[length()]; //Illegal
...

As the comment indicates, the expression new E[length()] is not allowed.
You cannot include the type parameter in certain situations, and this,
unfortunately, is one of them. Thus, you simply cannot have the method
toArray in the generic linked list. Instead, Listing 12.12 defines the method
toArrayList, which returns an instance of the class ArrayList. Note that its
definition contains a loop like the one in toArray.
Listing 12.13 contains a simple example of using our parameterized
linked list.
LISTING 12.13 Using the Generic Linked list
public class LinkedList2Demo
{
public static void main(String[] args)
{
LinkedList2<String> stringList = new LinkedList2<String>( );
stringList.addANodeToStart("Hello");
stringList.addANodeToStart("Good-bye");
stringList.showList( );
LinkedList2<Integer> numberList = new LinkedList2<Integer>( );
for (int i = 0; i < 5; i++)
numberList.addANodeToStart(i);
numberList.deleteHeadNode();
numberList.showList( );
}
}

Screen Output
Good-bye
Hello
3
2
1
0

VideoNote
Creating classes that use
generics
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GOTCHA

A Constructor Name in a Generic Class Has No
Type Parameter

The class name in a parameterized class definition has a type parameter
attached—for example, LinkedList<E> in Listing 12.12. This can mislead
you into thinking you need to use the type parameter in the heading of the
constructor definition, but that is not the case. For example, you use
public LinkedList()

instead of
public LinkedList<E>() //Illegal

However, you can use a type parameter, such as E, within the body of the
constructor’s definition.
■

FAQ Can a class definition have more than one type parameter?
Yes, you can define a class with more than one type parameter. To do so, you
write the type parameters one after the other, separated by commas, with
one pair of angle brackets. For example, the class Pair could begin as follows:
public class Pair<S, T>

You would use S and T within the definition of Pair as you would actual
data types. This class allows you to create pairs of objects that have
different data types.

REMEMBER An Inner Class Has Access to the Type Parameter
of Its Outer Class
An inner class can access the type parameter of its outer class. In Listing
12.12, for example, the definition of the inner class ListNode uses
the type parameter E, which is the type parameter of its outer class
LinkedList, even though ListNode does not have <E> after its name in
its heading.

■ PROGRAMMING TIP

Defining Type Parameters in an Inner
Class

An inner class can define its own type parameters, but they must be distinct
from any defined in the outer class. For example, we could define the outer
and inner classes in Listing 12.12 as follows:

12.4 Generics
public class LinkedList<E>
{
private ListNode<E> head;
...
private class ListNode<T>
{
private T data;
private ListNode<T> link;
...
public ListNode (T newData, ListNode<T> linkValue)
{...
}
}
}

Notice how the inner class ListNode uses T consistently as its type parameter
and the outer class LinkedList has E as its type parameter. When ListNode
is used as a data type within this outer class, it is written as ListNode<E>, not
ListNode<T>. Also, note that we have no reason to give ListNode its own type
parameter in this example, other than to show the syntax you would use if
you wanted to do so.
■

S E L F-TE S T QU E S TIO N S
29. Revise the definition of the class ListNode in Listing 12.4 so that it uses
a type parameter instead of the type String. Note that the class is, and
should remain, public. Rename the class to ListNode2.
 6TJOHUIFEFGJOJUJPOPGUIF ListNode2 class from the previous question,
how would you create a ListNode2 object named node that stores a value
of type Integer?

CHAPTER SUMMARY
is a class in the Java Class Library. Instances of ArrayList can
be thought of as arrays that can grow in length. You create and name such
instances in the same way as any other object except that you specify their
base type.

■ ArrayList

has powerful methods that can do many of the things you must
do for yourself when using an array.

■ ArrayList

■

The Java Collections Framework is a collection of interfaces and classes that
may be used to manipulate collections of objects in a consistent way.

■

The HashSet class is part of the Java Collections Framework and may be used
to efficiently implement a set.
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■

5IF)BTI.BQDMBTTJTQBSUPGUIF+BWB$PMMFDUJPOT'SBNFXPSLBOENBZCF
used to map from one value to another.

■

A linked list is a data structure consisting of objects known as nodes, such
that each node contains both data and a reference to one other node. In this
way, the nodes link together to form a list.

■

You can make a linked data structure, such as a linked list, self-contained by
making the node class an inner class of the linked-list class.

■

A variable or object that allows you to step through a collection of data
items, such as an array or a linked list, one item at a time is called an iterator.

■

You can define a class that uses a parameter instead of an actual class type.
You write the type parameter within angle brackets right after the class name
in the heading of the class definition.

■

The code that creates an object of a parameterized class replaces the type
parameter with an actual class type, retaining the angle brackets.

■

The standard classes ArrayList and LinkedList are parameterized classes.
Exercises

1. Repeat Exercise 2 in Chapter 7, but use an instance of ArrayList instead
of an array. Do not read the number of values, but continue to read values
until the user enters a negative value.
2. Repeat Exercise 3 in Chapter 7, but use an instance of ArrayList instead
of an array. Do not read the number of families, but read data for families
until the user enters the word done.
3. Repeat Exercise 5 in Chapter 7, but use an instance of ArrayList instead
of an array.
4. Repeat Exercises 6 and 7 in Chapter 7, but use an instance of ArrayList
instead of an array. We will no longer need to know the maximum number
of sales, so the methods will change to reflect this.
5. Write a static method removeDuplicates(ArrayList<Character> data)
that will remove any duplicates of characters in the object data. Always
keep the first copy of a character and remove subsequent ones.
6. Write a static method
getCommonStrings(ArrayList<String> list1,
ArrayList<String> list2)

that returns a new instance of ArrayList containing all of the strings
common to both list1 and list2.
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7. Write a program that will read sentences from a text file, placing each sentence in its own instance of ArrayList. (You will create a sentence object
by adding words to it one at a time as they are read.) When a sentence has
been completely read, add the sentence to another instance of ArrayList.
Once you have read the entire file, you will have an instance of ArrayList
that contains several instances of ArrayList, one for each sentence read.
Now ask the user to enter a sentence number and a word number. Display
the word that occurs in the given position. If the sentence number or word
number is not valid, provide an appropriate error message.
8. Repeat Exercise 12 in Chapter 7, but use an instance of ArrayList instead
PGBOBSSBZ.BLFUIFGPMMPXJOHTMJHIUDIBOHFTUPUIFNFUIPETUPSFGMFDU
that an ArrayList object can grow in size:
t $IBOHFUIFDPOTUSVDUPSTQBSBNFUFSGSPNUIFNBYJNVNEFHSFFUPUIF
desired degree.
t 5IF NFUIPE setConstant might need to add zero-valued coefficients
before ai. For example, if a0 = 3, a1 = 5 , a2 = 0, a3 = 2, a4 = 0, and a5 = 0,
the polynomial would be of degree 3, since the last nonzero constant
is a3 . The invocation setConstant(8, 15) would need to set a6 and a7
to 0 and a8 to 15.
9. Write a program that will read a text file that contains an unknown number
of movie review scores. Read the scores as Double values and put them in
an instance of ArrayList. Compute the average score.
10. Revise the class StringLinkedList in Listing 12.5 so that it can add and
remove items from the end of the list.
11. Suppose we would like to create a data structure for holding numbers that
can be accessed either in the order that they were added or in sorted order.
We need nodes having two references. If you follow one trail of references,
you get the items in the order they were added. If you follow the other trail
of references, you get the items in numeric order. Create a class DualNode
that would support such a data structure. Do not write the data structure
itself.
12. Draw a picture of an initially empty data structure, as described in the previous exercise, after adding the numbers 2, 8, 4, and 6, in this order.
13. Write some code that will use an iterator to duplicate every item in an instance of StringLinkedListWithIterator in Listing 12.9. For example, if
the list contains "a", "b", and "c", after the code runs, it will contain "a",
"a", "b", "b", "c", and "c".
14. Write some code that will use an iterator to move the first item in an instance of StringLinkedListWithIterator (Listing 12.9) to the end of the
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list. For example, if the list contains "a", "b", "c", and "d", after the code
runs, it will contain "b", "c", "d", and "a".
15. Write some code that will use an iterator to interchange the items in every
pair of items in an instance of StringLinkedListWithIterator in Listing
12.9. For example, if the list contains "a", "b", "c", "d", "e", and "f", after
the code runs, it will contain "b", "a", "d", "c", "f", and "e". You can assume that the list contains an even number of strings.
16. The class StringLinkedListWithIterator (Listing 12.9) is its own iterator, but it does not quite implement the Java Iterator interface. Redefine
the class StringLinkedListWithIterator so that it implements the Iterator interface. This interface declares the methods next, remove, and
hasNext as follows:
/**
Returns the next element on the list.
Throws a NoSuchElementException if there is
no next element to return.
*/
public E next() throws NoSuchElementException
/**
Removes the last element that was returned most recently
by the invocation next().
Throws an IllegalStateException if the method next has
not yet been called or if the method remove has already
been called after the last call to the method next.
*/
public void remove() throws IllegalStateException
/**
Returns true if there is at least one more element for
the method next to return. Otherwise, returns false.
*/
public boolean hasNext()

Notice the generic data type E in the specification of the method next.
If you follow the instructions in this question carefully, you do not need
to know what an interface is, although knowing what one is may make
you feel more comfortable. Interfaces are covered in Chapter 8.
Begin the class definition with
import java.util.Iterator;
public class StringLinkedListWithIterator2
implements Iterator<String>
{
private ListNode head;
private ListNode current;
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private ListNode previous; //follows current
private ListNodetwoBack; //follows previous
private booleanremoveSinceNext;//true if the method
//remove has been called since the last call of
//the method next. Also true if next has not
//been called at all.
public StringLinkedListWithIterator2()
{
head = null;
current = null;
previous = null;
twoBack = null;
removeSinceNext = true;
}

The rest of the definition is like the one in Listing 12.9, except that
you add the method definitions specified by Iterator, make a small
change to the method resetIteration so that the new instance variable
twoBack is reset, and omit the methods deleteCurrentNode, goToNext,
and moreToIterate, which become redundant.
(Hints:
t %FTQJUFJUTQSFUFOUJPVTTPVOEJOHEFUBJMT UIJTFYFSDJTFJTGBJSMZFBTZ5IF
three method definitions you need to add are easy to implement using
the methods we have.
t /PUF UIBU UIF NFUIPE hasNext and the method moreToIterate in
Listing 12.9 are not exactly the same.
t 5IF FYDFQUJPO DMBTTFT NFOUJPOFE BSF BMM QSFEFGJOFE  BOE ZPV TIPVME
not define them. These particular exceptions do not need to be caught
or declared in a throws clause. The Iterator interface says that the
method remove throws an UnsupportedOperationException if the
remove method is not supported. However, your method remove has
no need ever to throw this exception.)
17. Write a program that creates two instances of the generic class LinkedList
given in Listing 12.12. The first instance is stadiumNames and will hold
items of type String. The second instance is gameRevenue and will
hold items of type Double. Within a loop, read data for the ball games
played during a season. The data for a game consists of a stadium name
and the amount of money made for that game. Add the game data to
stadiumNames and gameRevenue. Since more than one game could be
played at a particular stadium, stadiumNames might have duplicate
entries. After reading the data for all of the games, read a stadium name
and display the total amount of money made for all the games at that
stadium.

907

908

CHAPTER 12 / Dynamic Data Structures and Generics

PROGRAMMING PROJECTS
Visit www.myprogramminglab.com to complete many of these Programming Projects
online and get instant feedback.
1. Revise the method selectionSort within the class ArraySorter, as shown
in Listing 7.10 of Chapter 7, so that it sorts the strings in an instance of
the class ArrayList<String> into lexicographic order instead of sorting the
integers in an array into ascending order. For words, lexicographic order reduces to alphabetic order if all the words are in either lowercase or uppercase
letters. You can compare two strings to see which is lexicographically first by
using the String method compareTo, as described in Figure 2.5 of Chapter 2.
2. Repeat the previous programming project, but instead write a method bubbleSort that performs a bubble sort, as described in Programming Project
4 of Chapter 7.
3. Repeat Programming Project 1, but instead write a method insertionSort
that performs an insertion sort, as described in Programming Project 5 of
Chapter 7.
4. Write a program that creates Pet objects from data read from the keyboard.
Store these objects into an instance of ArrayList. Then sort the Pet objects
into alphabetic order by pet name, and finally display the data in the sorted
Pet objects on the screen. The class Pet is given in Chapter 6, Listing 6.1.
5. Repeat the previous programming project, but sort the Pet objects by pet
weight instead of by name. After displaying the sorted data on the screen,
write the number and percentage of pets that are under 5 pounds, the
number and percentage of pets that are 5 to 10 pounds, and the number
and percentage of pets that are over 10 pounds.
6. Repeat the previous programming project, but read the input data from a
file and send the output to another file. If you have covered binary files,
use binary files; otherwise, use text files. Read the file names from the user.
  6TFUIFDMBTT ClassObjectIODemo shown in Listing 10.10 of Chapter 10
to create a file of Species objects. The class Species is given in Chapter
10, Listing 10.9. Then write a program that reads the Species objects from
the file you created into an instance of ArrayList, sorts these instances
alphabetically by Species name, and then writes the sorted data to both
the screen and a file. Read all file names from the user.
8. Define a variation on StringLinkedListSelfContained from Listing 12.7
that stores objects of type Species, rather than of type String. Write a
program that uses that linked-list class to create a linked list of Species
objects, asks the user to enter a Species name, and then searches the linked
list and displays one of the following messages, depending on whether the
name is or is not on the list:

12.4 Generics
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Species Species_Name is one of the
Number_Of_Species_Names_On_List species on the list.
The data for Species_Name is as follows:
Data_For_Species_Name

or
Species Species_Name is not a species on the list.

The user can enter more Species names until indicating an end to the
program. The class Species is given in Listing 5.19 of Chapter 5. (If you
prefer, you can use the serialized version of Species in Listing 10.9 of
Chapter 10.)
9. Repeat the previous programming project, but read the input data from
a file and send the output to another file. If you have covered binary
files, use binary files; otherwise, use text files. Read the file names from
the user.
10. Define a variation on StringLinkedListSelfContained from Listing 12.7
that stores objects of type Employee, rather than objects of type String.
Write a program that uses this linked-list class to create a linked list of
Employee objects, asks the user to enter an employee’s Social Security number, and then searches the linked list and displays the data for the corresponding employee. If no such employee exists, display a message that says
so. The user can enter more Social Security numbers until indicating an end
to the program. The class Employee is described in Programming Project
7 of Chapter 9. If you have not already done that project, you will need to
define the class Employee as described there.
11. Repeat the previous programming project, but read the input data from
a file and send the output to another file. If you have covered binary
files, use binary files; otherwise, use text files. Read the file names from
the user.
12. Write a parameterized class definition for a doubly linked list that has a
QBSBNFUFSGPSUIFUZQFPGEBUBTUPSFEJOBOPEF.BLFUIFOPEFDMBTTBO
inner class. Choosing which methods to define is part of this project. Also,
write a program to thoroughly test your class definition.
13. Create an application that will keep track of several groups of strings. Each
string will be a member of exactly one group. We would like to be able to
see whether two strings are in the same group as well as perform a union
of two groups.
6TF B MJOLFE TUSVDUVSF UP SFQSFTFOU B HSPVQ PG TUSJOHT &BDI OPEF JO
the structure contains a string and a reference to another node in the
group. For example, the group {"a", "b", "d", "e"} is represented by the
following structure:

VideoNote
Defining a circular linked
list
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a

d

b

e

One string in each group—"d" in our example—is in a node that has
a null reference. That is, it does not reference any other node in the
structure. This string is the representative string of the group.
Create the class GroupHolder to represent all of the groups and to perform
operations on them. It should have the private instance variable items to
hold the nodes that belong to all of the groups. The nodes within each
HSPVQBSFMJOLFEUPHFUIFSBTEFTDSJCFEQSFWJPVTMZ.BLFitems an instance
of ArrayList whose base type is GroupNode, where GroupNode is a private
inner class of GroupHolder. GroupNode has the following private instance
variables:
t data—a string
t link—a reference to another node in the group, or null
Define the following methods in the class GroupHolder:
t addItem(s)— adds a string s to an empty group. First search items
for s; if you find s, do nothing; if you do not find s, create a new
GroupNode object that has s as its string and null as its link and add it
to items. The new group will contain only the item s.
t getRepresentative(s)—returns the representative string for the group
containing s. To find the representative string, search items for s. If you
do not find s, return null. If you find s, follow links until you find a
null reference. The string in that node is the representative string for
the group.
t getAllRepresentatives—returns an instance of ArrayList that
contains the representative strings of all the groups in this instance of
GroupHolder. (A representative string is in an instance of GroupNode
that contains a null reference.)
t inSameGroup(s1, s2)—returns true if the representative string for s1
and the representative string for s2 are the same and not null, in which
case the strings s1 and s2 are in the same group.
t union(s1, s2)—forms the union of the groups to which s1 and s2
belong. (Hint: Find the representative strings for s1 and s2. If they are
different and neither is null, make the link of the node containing
s1’s representative string reference the node for s2’s representative
string.)
For example, suppose that we call addItem with each of the following
strings as an argument: "a","b","c","d","e","f","g", and "h". Next, let’s
form groups by using these union operations:
union("a", "d"), union("b", "d"), union("e", "b"),
union("h", "f")
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We will have four groups—{"a", "b", "d", "e"}, {"c"}, {"f", "h"},
and {"g"}—represented by the following structure:

a

b

c

d

e

f

g

h

The representative strings for these four groups are "d","c","f", and "g",
respectively. Now the operation inSameSet("a", "e") would return true
because both getRepresentative("a") and getRepresentative("e")
return d. Also, inSameSet("a", "f") would return false because
getRepresentative("a") returns d and getRepresentative("f") returns
f. The operation union("a", "f") would make the node containing the
representative string of the group to which "a" belongs—which is "d"—
reference the node containing the representative string of the group to
which "f" belongs, which is "f". This reference would be represented by
an arrow from "d" to "f" in the previous diagram.
Your application should create an instance of GroupHolder and allow
the user to add an arbitrary number of strings, each to its own group. It
should then perform an arbitrary number of union operations to form
several groups. Finally, it should demonstrate the other operations.
14. For this project, we will create a data structure known as a queue. A queue
can be thought of as a line. Items are added at the end of the line and are
taken from the front of the line. You will create a class LinkedQueue based
on one of the linked-list classes given in this chapter. It should have private
attributes for
t front—a reference to the first node in the linked list of queue items
t count—the number of items in the queue
and the following operations:
t addToQueue(item)—adds item to the end of the queue. (Add it at the
end of the linked list.)
t removeFromQueue()—removes the first item from the queue and
returns it. If the queue is empty, returns null
t isEmpty—returns true if the queue contains no items; otherwise,
returns false.
Create a program that demonstrates the methods of the LinkedQueue class.
15. Repeat the previous programming project, but use a circular linked list to
implement the queue. Recall from Figure 12.10 that a circular linked list
has one external reference, which is to the list’s last node.
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16. Suppose that we would like to perform a bird survey to count the number
of birds of each species in an area. Create a class BirdSurvey that is like one
of the linked-list classes given in this chapter. (The linked list you use will
affect what your new class can do, so give some thought to your choice.)
.PEJGZUIFJOOFSOPEFDMBTTUPBEESPPNGPSBDPVOU
BirdSurvey should have the following operations:

t add(bird)—adds the bird species bird to the end of the list, if it is not
already there, and sets its count to 1; otherwise, adds 1 to the count for
bird.
t getCount(bird)—returns the count associated with the species bird. If
bird is not on the list, returns zero.
t getReport—displays the name and count for each bird species on the list.
Write a program that uses BirdSurvey to record the data from a recent
CJSETVSWFZ6TFBMPPQUPSFBECJSEOBNFTVOUJMdone is entered. Display a
report when finished.
17. Consider a text file of names, with one name per line, that has been compiled from several different sources. A sample is shown below:
Brooke Trout
Dinah Soars
Jed Dye
Brooke Trout
Jed Dye
Paige Turner

VideoNote
Solution to Project 17

There are duplicate names in the file. We would like to generate an invitation
list but don’t want to send multiple invitations to the same person. Write a
program that eliminates the duplicate names by using a HashSet. Read each
name from the file, add it to the HashSet, and then output all names in the
HashSet to generate the invitation list without duplicates.
18. Write a program that uses a HashMap to compute a histogram of positive
numbers entered by the user. The HashMap’s key should be the number
that is entered, and the value should be a counter of the number of times
UIFLFZIBTCFFOFOUFSFETPGBS6TF¦BTBTFOUJOFMWBMVFUPTJHOBMUIF
end of user input. For example, if the user inputs:
5
12
3
5
5
3
21
-1

12.4 Generics

Then the program should output the following (not necessarily in this order):
The
The
The
The

number
number
number
number

3 occurs 2 times.
5 occurs 3 times.
12 occurs 1 times.
21 occurs 1 times.

Answers to Self-Test Questions
1. aList.add("Hello");
2. aList.set(5, "Go");
3. No. The index for set must be greater than or equal to 0 and less than the
size of the list. Thus, you can replace any existing element, but you cannot
place a new element at any higher index. That is, you cannot add an element beyond the last-used index. This situation is unlike that of an array.
If an array is partially filled to index 10, you can add an element at index
20, as long as the array is that large.
4. No. The index for add must be greater than or equal to 0 and less than or
equal to the size of the list. Thus, you can insert an element at any index that
is currently holding an element, and you can insert an element immediately
after the last element, but you cannot insert an element at any higher index.
5. Yes. The method add can add an element right after the last element on the
list, that is, at index size(). However, the index position for set must be
less than size().
6. The seven elements of aList are at indices 0 through 6. A new element
added at index 7 is the eighth element and is at the end of the list.
7. "red", "blue", "orange", "green", "yellow"
8. Yes. The list can contain more than 20 elements. The argument to the
DPOTUSVDUPSNFSFMZHJWFTUIFJOJUJBMNFNPSZBMMPDBUJPOGPSUIFMJTU.PSF
memory is automatically allocated when it is needed.
9. for (int index = 0; index < aList.size(); index++)
System.out.println(aList.get(index));

10. No, you cannot have an instance of ArrayList that has the base type int.
However, you can have one that has the base type Integer, and thanks to
automatic boxing and unboxing, it can be used as if it were a list of ints.
11. The method invocation list.size() returns the number of elements currently in list. The capacity of list, however, is the number of elements
for which memory has been allocated.
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12. The new elements at indices 10 through 19 will have null for their values.
13. HashSet<String> colors = new HashSet<String>();
14. colors.add("red");colors.add("blue");System.out.
println(colors.contains("blue"));colors.remove("blue");

15. HashMap<Integer, String> studentids =
new HashMap<Integer, String>();

16. studentIDs.put(5531, "George");
studentIDs.put(9102, "John");
System.out.println(studentIDs.get(9102));

17. Replace ArrayList with LinkedList in the import statement and twice in
the statement that invokes the constructor.
18. You indicate the end of a linked list by setting the link instance variable
of the last node to null.
19. head should have the value null.
20. public boolean isEmpty()
{
return length() == 0;
}

or
public boolean isEmpty()
{
return head == null;
}

Since the first version invokes another method and the second one does
not, the second method will execute faster.
21. C
B
A

22. An inner class is a class defined within the definition of another class.
23. They are not needed, because the methods in the linked-list class have access to the instance variables data and link of the nodes.
24. Any variable that allows you to step through the collection one item at a
time, such that each item is visited exactly once in one full iteration cycle.
Each item can have its data read and, if the data items allow it, can have the
data changed. For example, an int variable that holds an index value can
serve as an iterator for an array. To go to the next item in the array, your
code needs only to increase the value of the int variable by 1.

12.4 Generics

25. public String getDataAtCurrent() throws LinkedListException
{
if (current != null)
return current.data;
else
throw new LinkedListException("Attempted data " +
"access when current is not at any node.");
}

26. public void setDataAtCurrent(String newData)
throws LinkedListException
{
if (current != null)
current.data = newData;
else
throw new LinkedListException("Attempted data " +
"change when current is not at any node.");
}

27. public void insertNodeAfterCurrent(String newData)
throws LinkedListException
{
ListNode newNode = new ListNode();
newNode.data = newData;
if (current != null)
{
newNode.link = current.link;
current.link = newNode;
}
else if (head != null)
{
throw new LinkedListException("Inserting when " +
"iterator is past all nodes or " +
"is not initialized.");
}
else
{
throw new LinkedListException("Attempted insertion " +
"into an empty list.");
}
}

28. public void deleteCurrentNode()
throws LinkedListException
{
if ((current != null) && (previous != null))
{
previous.link = current.link;
current = current.link;
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}
else if ((current != null) && (previous == null))
{ //At head node
head = current.link;
current = head;
}
else//current == null
{
throw new LinkedListException("Attempted deletion " +
"from an empty list, or current is not initialized.");
}
}

29. The complete definition is given as the class ListNode2 in the source code
available on the Web.
public class ListNode2<E>
{
private E data;
private ListNode2<E> link;
public ListNode2()
{
link = null;
data = null;
}
public ListNode2(E newData, ListNode2<E>linkValue)
{
data = newData;
link = linkValue;
}
public void setData(E newData)
{
data = newData;
}
public E getData()
{
return data;
}
public void setLink(ListNode2<E>newLink)
{
link = newLink;
}
public ListNode2<E> getLink()
{
return link;
}
}

30. ListNode2<Integer> node = new ListNode2<Integer>();

1

APPENDIX

Getting Java

A number of Java compilers and integrated development environments (IDEs)
are available free of charge for various operating systems. The following list
provides links to a selection of these resources.
■

The Java SE Development Kit (JDK)
Available from Oracle, the JDK for Linux, Solaris, and Windows includes
the Java Runtime Environment (JRE) and command-line tools that you can
use to write applications and applets.
http://www.oracle.com/technetwork/java/index.html

■

BlueJ
BlueJ is an IDE developed at a university. It was created specifically for
beginning Java students and is available for MacOS, Windows, and other
systems at
www.bluej.org/download/download.html

BlueJ requires that you already have Java installed. Windows users should
download and install the JDK from Oracle, as described previously. MacOS
users will already have Java installed by default.
■ Eclipse
Eclipse is an open-source IDE for Linux, MacOS, and Windows that is available at
www.eclipse.org/downloads/

Eclipse requires that you already have Java installed. Linux and Windows
users should download and install the appropriate JDK from Sun, as described previously. MacOS users will already have Java installed by default.
■ NetBeans
NetBeans is an open-source IDE for Linux, MacOS, Solaris, and Windows
that is available at
www.netbeans.info/downloads/index.php

The website has a link to download the IDE by itself, in which case you must
already have Java installed. Alternately, there is a link to download the IDE
bundled with the JDK. MacOS users will already have Java installed by default.
Installation instructions for each of these resources are available at the given
URLs.
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Running Applets

As you know, applets are Java programs that are run from a Web page.
The document that defines any Web page is written in HTML, which is
a language designed for this purpose. Chapter 14, which is available on
the book’s Web site, provides some details about writing an HTML document. However, we can also use the Java tool appletviewer to run our applet. This tool requires a simple HTML document that we can write without
looking at the details given in Chapter 14. Note that if you are using an
IDE, you likely can run an applet without any reference to HTML. As we
mentioned in Chapter 1, a typical IDE has a menu command such as Run
Applet or something similar.
After you have written an applet, you should compile it. Recall from
Chapter 1 that if your applet code is in the file MyApplet.java, for example,
compiling this file produces another file—MyApplet.class—that contains the
bytecode for the applet.
Next, to run the applet using appletviewer, you need to create another file for a simple HTML document. Its contents have the following
form:
<applet code = "Applet_Name.class"
width = Applet_Width height = Applet_Height>
</applet>

So for our MyApplet example, our HTML file could contain
<applet code = "MyApplet.class" width = 400 height = 400>
</applet>

The number of lines we use for the HTML is irrelevant. The name of the HTML
file should be Applet_Name.html, in this case, MyApplet.html.
Now we are ready to run the applet using the command
appletviewer MyApplet.html
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RECAP Using appletviewer to Run an Applet
To run an applet that is in the file Applet_Name.java, you take the following
steps:
■

Create a file named Applet_Name.html that contains the following code:
applet code = "Applet_Name.class"
width = Applet_Width height = Applet_Height>
</applet>

■

Give the following commands at your computer’s command line:
javac Applet_Name.java
appletviewer Applet_Name.html
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Protected and
Package Modifiers

In this text, we always use the modifiers public and private before instance
variables and method definitions. Normally, these are the only modifiers you
need, but there are two other possibilities that fall between the two extremes
of public and private. In this appendix, we discuss the modifier protected as
well as the restriction that applies when you use no modifier at all.
If a method or instance variable is modified by protected rather than
public or private, it can be accessed directly by name within
t *UTPXODMBTTEFGJOJUJPO
t "OZEFTDFOEBOUDMBTT
t "OZNFUIPEEFGJOJUJPOGPSBOZDMBTTJOUIFTBNFQBDLBHF
That is the extent of the access; the protected method or instance variable
cannot be accessed by name within any other classes. Thus, if a method is
NBSLFE protected in class A, and class B is derived from class A, the method
can be called inside any method definition in class B. However, in a class that is
OPUJOUIFTBNFQBDLBHFBTDMBTTA and is not derived from class A, the protected
method behaves as if it were private.
The modifier protected imposes a peculiar sort of restriction, since it allows
EJSFDUBDDFTTUPBOZQSPHSBNNFSXIPJTXJMMJOHUPHPUISPVHIUIFCPUIFSPGEFGJOJOHBTVJUBCMFEFSJWFEDMBTT5IVT JUJTMJLFTBZJOH i*MMNBLFJUEJGGJDVMUGPSZPV
to use this item, but I will not forbid you to use it.” In practice, instance variables
TIPVMEOFWFSCFNBSLFE protected; they should be private. However, you can
have protected accessor and mutator methods for such instance variables.
If you want an access level that is not public but not as restrictive as private
access, an alternative is possible and often preferable. You may have noticed
UIBUJGZPVGPSHFUUPQMBDFPOFPGUIFNPEJGJFST public or private before an
instance variable or method definition, your class definition will still compile.
In such cases, the instance variable or method can be accessed by name within
UIFEFGJOJUJPOPGBOZDMBTTUIBUJTJOUIFTBNFQBDLBHF*UDBOOPU IPXFWFS CF
BDDFTTFECZOBNFPVUTJEFPGUIFQBDLBHF5IJTUZQFPGBDDFTTJTDBMMFEpackage
access, or default access.:PVVTFQBDLBHFBDDFTTXIFOZPVIBWFBQBDLBHFPG
DPPQFSBUJOHDMBTTFTUIBUBDUBTBTJOHMFFODBQTVMBUFEVOJU/PUFUIBUQBDLBHF
BDDFTTJTNPSFSFTUSJDUFEUIBOQSPUFDUFEBDDFTTBOEUIBUJUHJWFTNPSFDPOUSPMUP
UIFQSPHSBNNFSEFGJOJOHUIFDMBTTFT*GZPVDPOUSPMUIFQBDLBHFEJSFDUPSZ ZPV
DPOUSPMXIPJTBMMPXFEQBDLBHFBDDFTT
920

4
APPENDIX

The DecimalFormat Class

The class DecimalFormat is in the Java Class Library within the package java.
text. Thus, you make it available to a Java program by including the following
import statement at the beginning of a program:
import java.text.DecimalFormat;

You can use this class to convert decimal numbers to formatted strings
that can be displayed on the screen or written to a text file. Although the class
defines a number of different methods, this appendix describes only one of
them, namely, the method format. Complete documentation for the class
DecimalFormat is available on the Oracle Web site.
The general approach to using the method format requires you to
create a String pattern that describes the desired format for decimal numbers.
For example, the pattern "00.000" means that there will be two digits before the decimal point and three digits after the decimal point. If the value of
the number is not consistent with the specified format pattern, the format
will be violated so that no digits are lost on the left of the decimal point. For
example, the pattern "00.000" asks for only two digits before the decimal
point, but the value 123.456 will be formatted as 123.456. Note, however,
that the fractional portion is rounded when the pattern specifies fewer digits
than are available in the actual number. So, using the same pattern, the value
12.3456 will be formatted as 12.346.
Once you have a pattern, you then create an object of the class DecimalFormat by writing a statement of the following form:
SYNTAX:
DecimalFormat Decimal_Format_Object_Name =
DecimalFormat(Pattern);

EXAMPLE:
DecimalFormat formattingObject = new DecimalFormat("00.000");

You then can use the method format to convert a value of type double to a
corresponding numeral String, as follows:
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SYNTAX:
Decimal_Format_Object_Name.format(Double_Expression)

The method returns a string that corresponds to Double_Expression.
EXAMPLE:
System.out.println(formattingObject.format(12.3456));

If the object formattingObject is created with the pattern "00.000", as in our previous example, the output produced by the foregoing println statement is 12.346.
Note that the method format returns a string that is an object of the class
StringBuffer, not String. StringBuffer is similar to String but has methods that can modify the value of its instances.

Other Pattern Symbols
You can also create patterns such as "#0.##0", in which the character ‘0’ stands
for a compulsory digit and the character ‘#’ stands for an optional digit. If ‘#’
corresponds to a leading or trailing zero, the zero is omitted from the resulting
string. For example, the statements
DecimalFormat formattingObject = new DecimalFormat("#0.0#");
System.out.println(formattingObject.format(3.5));

display 3.5, whereas
DecimalFormat formattingObject = new DecimalFormat("00.00");
System.out.println(formattingObject.format(3.5));

display 03.50.
The character '%' placed at the end of a pattern indicates that the number
is to be expressed as a percentage. The '%' causes the number to be multiplied
by 100 and have a percent sign (%) appended to it. For example, the statements
DecimalFormat formattingObject = new DecimalFormat("##0.0%");
System.out.println(formattingObject.format(0.1234));

display 12.3%.
You can place a dollar sign and/or commas into a pattern to format currency or large values. These two characters appear unchanged in the locations
specified by the pattern. Figure A4.1 includes some examples of such patterns.
Figure A4.1 Some Results of Formatting Decimal Numbers
Value

3.5

3.5

1234.5678

123.45

12345.670

12345.678

Pattern

#0.0#

00.00

##.##

00000.000

###,###.###

$###,###.00

Result

3.5

03.50

1234.57

00123.450

12,345.67

$12,345.68
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Figure A4.2 Some Results of Formatting Decimal Numbers
Using the Same E-Notation Pattern
Value

0.12345

12345

123456

1234.567

Pattern

##0.##E0

##0.##E0

##0.##E0

##0.##E0

Result

123.45E-3

12.345E3

123.46E3

1.2346E3

You can specify that a value be displayed using E-notation by including
an 'E' in the pattern string. For example, the pattern "00.###E0" approximates the specification of two digits before the decimal point, three or fewer
digits after the decimal point, and at least one digit after the E, as in 12.346E1.
The exact details of what string is produced are a bit more involved. When
the number of digits before and after the decimal point satisfies certain constraints, the exponent is a multiple of 3, a notation used by engineers. To see
how E-notation patterns work, you should play with a few cases. In any event,
do not count on a very precisely specified number of significant digits. Figure
A4.2 shows the results of formatting some values using E-notation.
Listing A4.1 contains a program that demonstrates some patterns and their
effect.

LISTING A4.1

A Demonstration of the DecimalFormat Class (part 1 of 2)

import java.text.DecimalFormat;
public class DecimalFormatDemo
{
public static void main(String[] args)
{
DecimalFormat twoDigitsPastPoint = new DecimalFormat("0.00");
DecimalFormat threeDigitsPastPoint =
new DecimalFormat("00.000");
double d = 12.3456789;
System.out.println(twoDigitsPastPoint.format(d));
System.out.println(threeDigitsPastPoint.format(d));
double money = 12.8;
System.out.println("$" + twoDigitsPastPoint.format(money));
String numberString = twoDigitsPastPoint.format(money);
System.out.println(numberString);
DecimalFormat percent = new DecimalFormat("0.00%");
double fraction = 0.734;
System.out.println(percent.format(fraction));

(continued)
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LISTING A4.1 A Demonstration of the DecimalFormat Class (part 2 of 2)
//1 or 2 digits before decimal point:
DecimalFormat eNotation1 = new DecimalFormat("#0.###E0");
//2 digits before decimal point:
DecimalFormat eNotation2 = new DecimalFormat("00.###E0");
double number = 123.456;
System.out.println(eNotation1.format(number));
System.out.println(eNotation2.format(number));
double small = 0.0000123456;
System.out.println(eNotation1.format(small));
System.out.println(eNotation2.format(small));
}
}

Screen Output
12.35
12.346
$12.80
12.80
73.40%
1.2346E2
12.346E1
12.346E 6
12.346E 6

5
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Javadoc

The Java language comes with a program named javadoc that will automatically generate HTML documents that describe your classes. This documentation tells somebody who uses your program or class what she or he needs to
know in order to use it but omits all the implementation details, such as the
bodies of all method definitions (both public and private), all information
about private methods, and all private instance variables.
Javadoc is normally used on packages, although it can also be used on
single classes. Packages are discussed in Chapter 6. You need to have access
to an HTML browser (a Web browser) so that you can view the documents
produced by javadoc. However, you do not need to know very much HTML
in order to use javadoc.
In this appendix, we will first discuss how you should comment your
classes so that you can get the most value out of javadoc. We will then discuss
the details of how you run the javadoc program.

Commenting Classes for Use with javadoc
To get a useful javadoc document, you must write your comments in a particular way. javadoc extracts these comments, along with the heading for your
class and the headings for all public methods and public instance variables. No
method bodies and no private items are extracted.
For javadoc to extract a comment, the comment must
t *NNFEJBUFMZQSFDFEFBQVCMJDDMBTTEFGJOJUJPO QVCMJDNFUIPEEFGJOJUJPO 
or other public item
t #FHJOXJUI BOEFOEXJUI 
We will call such comments javadoc comments. Note that both comments
beginning with // and comments preceding any private items will not be
extracted.
Within a javadoc comment, you can use tags to identify and describe
such things as the method’s parameters and return values. The following
shows the syntax of some of the tags allowed:
@param Parameter_Name Parameter_Description
@return Description_Of_Value_Returned
@throws Exception_Type Explanation
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Each tag begins with the symbol @ and begins a new line within the
comment. When used, these three tags must appear in the order given here.
You can omit any tag that is not relevant, and you can also use a tag more
than once if needed.
For example, the following method has a valid javadoc comment:
/**
Computes the total cost of multiple identical items.
@param number number of items purchased
@param price cost of one item
@return total cost of all items at given price per item
*/
public static double computeCost(int number, double price)
{
return number * price;
}

The documentation that javadoc prepares from this comment appears as
follows:
ComputeCost
public static double computeCost(int number, double price)
Computes the total cost of multiple identical items.
Parameters:
number - number of items purchased
price - cost of one item
Returns:
total cost of all items at given price per item

You can also insert HTML commands in your comments so that you
gain more control over javadoc, but that is not necessary and may not
even be desirable. HTML commands can clutter the comments, making
them harder to read when you look at the source code. Chapter 14, which
is on the Web, contains more about HTML than you need to know for this
purpose.
To save space, the javadoc comments given in this book do not include
tags or HTML commands.

Running javadoc
You run javadoc on an entire package. However, if you want to run it on a
single class, you can make the class into a package simply by inserting the
following at the start of the file for the class:
package Package_Name;

Remember that the package name should describe a relative path name for the
directory or folder containing the files in the package.
To run javadoc, you must be in the folder (directory) that contains
the package folder for which you want to generate documentation, not

Appendix

in the package folder itself. Then all you need to do is give the following
command:
javadoc -d Document_Folder Package_Name
Document_Folder is the name of the folder in which you want javadoc to
place the HTML documents it produces.
The code on the book’s Web site contains a package named javadocsample,
which contains the two classes Person and Student from Chapter 8. It also
contains the result of running the following command:
javadoc -d javadocsampledocs javadocsample

You can include an option on the command line that tells javadoc to
include live links to standard classes and methods within the documentation.
The syntax is as follows:
javadoc -link Link_To -d Document_Directory Package_Name
Link_To is either a path to your local version of the Java documentation or the

URL of the standard Java documentation on the Oracle Web site.
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Differences Between
C++ and Java

This appendix is for readers who have had significant programming experience
with either C or C++. Other readers can ignore this appendix.
Java and C++ appear to be very similar, but they have more differences
than a casual examination of the two languages might lead you to believe. We
will not describe all of the differences in this appendix, but we will go over a
few similarities and differences in order to help you make the transition from
C++ (or C) to Java.

Primitive Types
Java has most of the same basic primitive types as C and C++ (int, short,
long, float, double, and char), but Java adds the types byte and boolean.
The Java type boolean corresponds to the C++ type bool. Java has no type
named long double. Unlike C and C++, in Java the size, in bytes, of a value
for some specific primitive type is fully specified and is not implementation
dependent. See Chapter 2 for details.

Strings
Unlike some versions of C and C++, in Java strings are not special kinds of
arrays of characters. Java has a class String that serves as a predefined type.
String is somewhat similar to the class String in recent versions of C++.
(Coverage of the String class starts in Chapter 2.)

Flow of Control
Control structures (if-else, switch, while, do-while, and for) are the same
in Java as in C and C++. However, there are some differences in Java that can
affect your use of control structures. Specifically, Java has no comma operator;
the type boolean in Java is not a numeric type, nor can its values be type cast
to a numeric type; and the assignment operator is better behaved in Java than
in C and C++. We discuss each of these differences briefly below.
Java does not have the comma operator. However, the for statement in
Java has been defined so as to allow the use of the comma, as in the following
code:
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for (int n = 1, product = 1; n < = 10; n++)
product = product * n;

This “comma operator” can be used only in a for statement.
In Java, the type boolean has the two values, true and false, which
cannot be interpreted as numeric values, even with a type cast.
A classic error in C and C++ is to use = in place of ==, as in the following
code:
if (n = 42)
...

In C and C++, the expression n = 42 returns the value 42, which either is or
will be converted to a boolean value, depending on what version of C or C++
you are using. In Java, n = 42 also returns the value 42, but in Java, 42 is not
of type boolean, nor will it convert to type boolean. So in Java, this mistake
will produce a compiler error message.

Testing for Equality
Testing objects of a class type for equality can be troublesome in Java. With
values of a primitive type, the == operator tests for equality, as you might
expect. However, when you use == to compare two objects of a class type, the
addresses of the objects are compared instead of their data. Java classes often
define a method called equals to test objects for our intuitive idea of equality.
You cannot overload the == operator (or any operator) in Java.

main Method (Function) and Other Methods
Functions are called methods in Java. The main method serves the same
purpose in Java as the main function in C and C++. In Java, the main method
heading is always as follows:
public static void main(String[] Parameter_Name)

In Java, all methods are defined inside of a class, as is code of any kind.

Files and Including Files
Java does not have an #include directive, but it does have an import statement
that allows you to import either a class or an entire package (library) for use
in a class.
The general layout of a Java program consists of a number of classes,
each in a file by itself. If all the classes are in the same folder (directory), Java
will automatically find the class (file) it needs when it needs it. The import
statement also makes it possible to combine classes (files) from different
folders. See Section 6.7 in Chapter 6 for more details.
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In Java, a class must be in a file that has the same name as the class, but
with the suffix .java. For example, a class named MyClass must be in a file
named MyClass.java. The compiled version of the class will be placed in a
file named MyClass.class.

Class and Method (Function) Definitions
In Java, all methods must be defined in some class. Additionally, a class
definition can be fully defined in one file. Java has no required header, or .h,
file, as do C and C++. In particular, all method definitions are given in their
entirety in their class definition. See Chapter 5 for more details. Java does
provide for an interface, which is similar in form to a header file in C and C++
but serves a different purpose. Chapter 8 introduces Java interfaces.

No Pointer Types in Java
There are no pointer types in Java. Java does have pointers; in fact, all objects
are named by means of pointers. However, the pointers are called references,
and they are handled automatically. For example, a variable of type String
will contain a reference (pointer) to a string, but there is no type for a pointer
to a String. See Section 5.3 in Chapter 5 for more details.

Method (Function) Parameters
Strictly speaking, Java has only one mechanism for parameter passing, namely,
call-by-value. In practice, however, Java’s parameter-passing mechanism behaves
one way for primitive types—such as int, double, and char—and another
way for class types.
For primitive types, the call-by-value parameter-passing mechanism
behaves as C and C++ programmers would expect. That is, the parameter
contains the value of its corresponding argument. But Java parameters of a
class type contain a reference to the class object that is passed. This allows
a method (function) to change the data in the object, and so some people
consider this mechanism to be a call-by-reference mechanism. It does not
satisfy the most common definition of call-by-reference, but when doing most
simple tasks, it behaves very much like call-by-reference. See Chapter 5 for
more details.

Arrays
Java arrays are very much like C or C++ arrays, but there are some differences,
and Java arrays are better behaved. An array in Java “knows” its range. If a is an
array, the instance variable a.length contains an integer equal to the number
of elements that the array can hold. Java ensures that the values of array
indices (subscripts) are valid, and an exception is thrown if your code attempts
to use an array index that is out of range. See Chapter 7 for more details.

Appendix

Garbage Collection
Memory management and garbage collection are automatic in Java. Java uses
the new operator to create and allocate memory for a new object of a class
type. This is the only way to explicitly allocate memory. Additionally, Java
provides automatic garbage collection, relieving the programmer from this
responsibility. Memory leaks, which can be a problem in C and C++, are not
an issue in Java.

Other Comparisons
t $PNNFOUTJO+BWBBOE$ BSFFTTFOUJBMMZUIFTBNF
t 5IFSFBSFOPHMPCBMWBSJBCMFTJO+BWB
t +BWBIBTOPtypedef.
t +BWBIBTOPTUSVDUVSFTPSVOJPOT
t :PVDBOPWFSMPBENFUIPE GVODUJPO OBNFTJO+BWB BTZPVDBOJO$ CVU
you cannot overload operators in Java.
t +BWB IBT OP NVMUJQMF JOIFSJUBODF  CVU JOUFSGBDFT QSPWJEF NVDI PG UIF
functionality of multiple inheritance. See Chapter 8 for more details on
interfaces.
t +BWB IBT OP UFNQMBUFT  CVU JU EPFT IBWF HFOFSJDT JO UIFJS QMBDF 4FF
Chapter 12 for an introduction to generics.
t *O+BWB BDMBTTDBOIBWFBDPOTUSVDUPSXJUIBQBSBNFUFSPGUIFTBNFUZQF
as the class, but this constructor has no special status, unlike a copy
constructor in C++.
t +BWBIBTOPEFTUSVDUPST
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APPENDIX

Unicode Character Codes

The printable characters shown are a subset of the Unicode character set known
as the ASCII character set. The numbering is the same whether the characters
are considered to be members of the Unicode character set or members of the
ASCII character set. (Character number 32 is the blank.)
32

932

56

8

80

P

104

h

33

!

57

9

81

Q

105

i

34

"

58

:

82

R

106

j

35

#

59

;

83

S

107

k

36

$

60

<

84

T

108

l

37

%

61

=

85

U

109

m

38

&

62

>

86

V

110

n

39

'

63

?

87

W

111

o

40

(

64

@

88

X

112

p

41

)

65

A

89

Y

113

q

42

*

66

B

90

Z

114

r

43

+

67

C

91

[

115

s

44

,

68

D

92

\

116

t

45

-

69

E

93

]

117

u

46

.

70

F

94

^

118

v

47

/

71

G

95

_

119

w

48

0

72

H

96

'

120

x

49

1

73

I

97

a

121

y

50

2

74

J

98

b

122

z

51

3

75

K

99

c

123

{

52

4

76

L

100

d

124

|

53

5

77

M

101

e

125

}

54

6

78

N

102

f

126

~

55

7

79

O

103

g

Index

SYMBOLS
' ', single quotes for characters,

52–53
!, not (logical) operator, 148–150
!=, not equal to operator, 145
" ", double quotes, 16, 82–83,

88
printed statements, 16
string value, 82–83, 88
"##" whitespace delimiter,
99–100
$, special symbol, 53
%, remainder (modulus) operator,
70
%c, character format specifier, 102
%d, decimal format specifier,
101–102
%e, exponential floating-point
format specifier, 102
%f, floating-point format specifier, 101–102
%s, string format specifier, 102
&&, and (logical) operator,
146–148
( ), parentheses, 16–18, 71–73,
84
arithmetic expressions, 71–73
arguments, 16–18, 84
*, multiplication operator, 56, 69
--, decrement operator, 79–80
–, minus (dash) symbol, 56,
69–71, 320–321
number sign (unary) operator,
70–71
subtraction (binary) operator,
56, 69, 71
UML private notation,
320–321

,, comma operator, 220
., dot notation, 16–18, 84–85,
282–283
instance variables, 282–283
invoking (calling) methods,
16–18, 84–85, 282
/* */, comments, 104, 106
/** */, comments, 104–106
/, division operator, 69–70
//, comments, 104, 106
;, semicolons, 17, 201, 218–219
end of instructions, 17
loop body, 201, 218–219
[ ], brackets for arrays, 482,
485–486, 535–536, 538
\", escape character, 88–89
\', escape character, 88–89
\\, double slash, 88–89,
743–744
escape character, 88–89
path names, 743–744
\, single slash for path names,
743–744
'\n', end of line character, 95,
98–99
\n, newline escape character,
88–89
\r, carriage return escape
character, 88–89
\t, tab escape character, 88–89
_ , underscore character, 53–54, 63
{ }, braces, 14–15, 50, 106–107,
140–142, 156–157, 199–201,
272, 286–287
blocks, 286–287
loop body, 199–201
if-else statements, 140–142,
156–157

indentation, programming
style, 106–107, 140,
156–157
methods, 14–15, 272
variable declaration, 50,
286–287
||, or (logical) operator, 147–
148
+, plus symbol, 56, 69, 70–71,
82–83, 320–321
addition (binary) operator,
56, 69, 71
concatenation operator,
82–83
number sign (unary) operator,
70–71
UML public notation,
320–321
++, increment operator, 79–80
<, less than operator, 145
<=, less than or equal to operator,
145
=, assignment operator, 55–56,
72–73, 146, 508–511
==, equality operator, 145–146,
150–152, 326–330, 508–511
>, greater than operator, 145
>=, greater than or equal to
operator, 139–140, 145
.class bytecode ending, 20
.java file ending, 19–20

A
Abstract classes, interfaces and,
636–638
Abstract data type (ADT), 319
Abstraction, see Information
hiding
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Accessor (get) methods,
302–305
Action event and listeners, 450
ActionListener interface, 644
actionPerformed method,
451–453, 711
Actual parameters, 288
Addition operator +, 56, 69, 71
Address, main memory, 3–4
ADT stack, 894
Algorithms, 25–26, 206–209,
230, 410–411, 526–527,
529–531, 624–626, 830–831
interchange sorting, 526–527
interfaces, 624–626
loops, 206–209, 230
merge sort, 830–831
programming use of, 25–26,
207
sorting arrays, 526–527,
529–531, 830–831
writing methods, 410–411
Alphabetical order, strings, 154
American Standard Code for
Information Interchange
(ASCII), 67, 89
Ancestor class, see Base class
Appending (adding) to text files,
736–737
Applets,13–14, 30–32, 37–38,
110–113, 241–247, 346–355,
447–467, 548–556,
918–919
buttons, 447–461
class methods and parameters,
346–356
content pane, 353–355
conversion to application,
110–113
event handlers, 449–453
Graphics class methods,
346–351, 553–556
init method, 352–353, 455
Internet use of, 13–14
Java programs, 13–14, 30–32,
37–38, 918–919
labels added to, 352–355
listener objects handlers,
449–453

multifaced (looping and
branching), 241–247,
348–351
named constants in, 110
paint method, 32, 352
polygons, drawing, 553–556
programming style rules, 110
running (executing), 37–38,
918–919
text areas, 548–552
Appletviewer, 37–38, 918–919
Applications, 13–19, 30,
110–126
conversion from applet to,
110–113
dialog windows, 113–126
graphical user interface (GUI),
110–126
Java computer programs,
13–19, 30
JFrame class, 110–114
JOptionPane class, 113–122
windowing, 110–126
Arcs drawn in graphics programs,
35–37
Arguments, 16–18, 287–292,
340–343, 503–505
array methods and, 503–505
braces ( ) for Java methods,
16–18
class type variables and,
340–343
indexed variables as, 503–505
methods and, 16–18, 84,
503–508
parameters, 287–292,
340–343, 505–507
primitive type variables and,
287–292
Arithmetic operators, 56–57,
68–81
addition operator +, 56, 69, 71
assignment operators combined with, 72–73
assignment statements and,
56–57, 68–81
binary, 70
decrement operator ––, 79–80
division operator /, 69–70

expressions and, 56–57,
68–81
increment operator ++, 79–80
multiplication operator *, 56,
69
number signs + –, 70–71
operands, 98
parentheses ( ) for, 71–73
precedence rules, 71–72
remainder (modulus) operator
%, 70
spacing, 71
subtraction operator -, 56,
69, 71
unary, 70
variable values and, 56–57, 80
Array-based data structures,
849–859
assignment statements for,
858–859
copying, 858–859
for-each loop (statement)
for, 858
instantiation, 850–852
list, 850
methods, 852–855
parameterized class, as a, 859
ArrayList class, 850–859
Arrays, 479–573, 776–779,
822–834
accessing, 482–484
arguments and, 503–508
assignment operator = and,
508–511
binary files and, 776–779
brackets [ ] for, 482, 485–
486, 535–536, 538
classes and, 495–503,
515–525
creating, 482–484, 533–536
declaring, 485–488, 533–536
elements, 482–488
equality operator == and,
508–511
graphic applications, 548–556
index (subscript), 482–483,
487
indexed variables, 482–488,
491–493, 503–505
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initializing, 494–495
length instance variable for,
488–490, 539
loops and, 490, 502, 535–536
methods and, 503–508,
511–515
multidimensional, 532–548
naming, 487–488
objects, 776–779
parameters, 505–507
partially filled, 523–524
programming with, 515–525
ragged, 540–542
recursion and, 822–834
returning, 511–513
searching, 531, 822–829
sorting, 525–531, 830–834
strings and, 516
subscript (index), 482–483,
487
ASCII characters, 67, 89, 729, 932
Assembly language, 7
Assertion checks, 239–240
Assignment operator =, 55–56,
72–73, 146, 508–511
Assignment statements, 55–81,
87, 508–511, 858–859
arithmetic operators and,
56–57, 68–81
array-based data structures,
858–859
arrays and, 508–511
assignment operator =, 55–56,
72–73, 508–511
constants (literals) and, 60–63
data type compatibilities,
63–64
decrement operator ––, 79–80
expression values, 55–56
floating-point numbers and,
60–62
increment operator ++, 79–80
input/output (I/O) using,
58–60
primitive data types and, 57
simple input using, 58–59
simple screen output using, 60
String variables and, 87
type casting, 65–67

variable declarations, 57–58
variable values, 55–81
Auxiliary (secondary) memory,
3, 5

B
Base (stopping) case, 801–802,
809, 811
Base class (superclass), 579,
584–585, 589–591
class definition, 579
constructors, 589–591
inheritance and, 579, 584–
585, 590
private instance variables and
methods of, 584–585
Binary files, 728–729, 751–779
array objects and, 776–779
class objects and, 771–776
end of file errors, 766
EOFException class, 764–765
exceptions in, 764–766,
769–770
ObjectInputStream class,
751–758
ObjectOuputStream class,
758–763
objects and, 771–779
primitive data values, 729,
753–756
reading from, 758–766
storage in, 728–729
strings, writing to, 756–757
writeInt method, 753–757
writeUTF method, 757–758
writing (creating), 751–758
Binary operators, 70. See also
Arithmetic operators
Binary search, 822–829
Binary trees, 894–895
BlueJ, 917
Body, Java methods, 16, 373
boolean data type, 52
Boolean expressions, 53,
139–142, 145–152,
166–172, 227–229
and (logical) operator, &&,
146–148
boolean operators, 145–151
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boolean variables, 167–168,
227–229
comparison operators,
145–146
data types, 53, 166–172
equality operator, ==,
145–146, 150–152
floating-point comparisons,
146
greater than operator, >, 145
greater than or equal to
operator, >=, 139–140, 145
if-else statements, 139–142,
145–152, 167–168
input/output (I/O) of values,
171–172
less than operator, <, 145
less than or equal to operator,
<=, 145
logical operators, 146–150
loop iteration and, 227–229
not (logical) operator, !,
148–150
not equal to operator, !=, 145
or (logical) operator, ||,
147–148
precedence rules, 168–171
short-circuit evaluation,
170–171
string comparisons, 150–152
true-false statements,
167–172
value, 53, 171–172
boolean-valued methods,
334–336
Bottom-up testing, 418
Boxing, wrapper classes, 404
Branching statements, 137–194
boolean expressions, 166–174
break, 173–177
dialog windows using,
184–186
graphics applications,
180–186
if-else, 138–166
indentation { }, 140–142,
156–157
operator precedence, 168–169
switch, 173–180
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break loop (statement), 232–234
break statement, 173–177

Buffering, 731
Buttons, 447–461, 639–644,
707–711
ActionListener interface,
644
actionPerformed method,
451–453, 711
applets for, 447–461
color, 707–711
event handlers, 449–453
exception handling
applications, 707–711
graphical user interface (GUI)
for, 449–461, 639–644,
707–711
icons, 456–458
interface applications,
640–642, 644
listener objects handlers,
449–453
visibility of, 458–461
window events and listeners,
642–644
byte data type, 52
Byte.parseByte method, 123
Bytecode, 9–11
Bytes, main memory, 3–5

C
C++ compared to Java, 928–931
Call-by-value parameters,
288–289
Calling methods, see Invoking
(calling) methods
Canvas, 37
Case labels, switch statements,
173, 175
catch block, 663–664, 687–688,
692–694
ceil (rounding up) method,
401–402
Central processing unit (CPU), 3
char data type, 50–52, 60, 64, 67
Character class, 406–407
Character set, 89
Characters, 50–53, 67, 102
char data type, 50–52, 64, 67

data types, 52–53
format specifier %c, 102
integer relations, 67
single quotes ' ' for, 52–53
type casting, 67
variable declaration, 50–51
Checked exceptions, 684–685
Child class, see Derived classes
Circles drawn in graphics programs, 34–35
Circular linked list, 893
Class data types, 51, 322–334,
338–346, 771–776
arguments and, 340–343
assignment statements for,
323
binary files and, 771–776
equality operator == with,
326–330
equals method for, 327–331
memory addresses in,
323–327
naming objects, 322–334,
338–346
objects, 322–334, 338–346,
771–776
parameters of, 338–345
primitive type variables compared to, 343–345
reference types and, 322–327
variables, 51, 322–334,
338–346
Class interfaces, 611–612
Class loader, 11
Class path base directories,
443–446
Class path variables, 443–446
Classes, 19–22, 81–90, 261–372,
389–408, 441–446, 495–503,
515–525, 576–606, 669–678,
877–878
.class bytecode ending, 20
.java file ending, 19–20
accessor (get) methods,
302–305
arrays in, 495–503, 515–525
base (superclass), 579,
584–585, 590
blocks, 286–287

boolean-valued methods,

334–336
class Object, 602–603
compiling, 19–20
definition, 576–584
derived (subclass), 578–582,
589–597
encapsulation, 316–321
equals method for,
327–331
exception, 669–678
file compilation, 265
graphic applications, 346–356
Graphics, 346–351
hierarchy, 578–579, 586–588
implementation, 265–266,
300–302, 306–310, 317
information hiding, 294–321
inheritance, 24–25, 576–606
inner, 877–878
instance variables, 266–268,
282–283, 297–300
instantiation of, 264–265
interface, 317
Java programs, 19–21
javadoc program
documentation, 319–320
linked structures, 877–878
local variables, 272, 284–286
main method for, 20, 268, 271
memory addresses and,
322–327
methods and, 261–372
methods calling methods,
310–315
mutator (set) methods,
302–305
objects and, 22–24, 263–265,
282–283, 321–348
overriding methods, 582–584
packages, 441–446
parameters, 287–293,
338–345
predefined exception,
669–671
private modifier, 296–299,
315, 320–321
programmer-defined
exception, 671–678
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programming and, 22–24,
515–525
public modifier, 296–299,
320–321
reference type variables,
322–334
regression testing, 336–338
return statements, 273–278
running (executing), 20–21
static methods, 389–408
static variables, 389–390
String, 80–91
this keyword, 282–283
unit testing, 336–338
Universal Modeling Language
(UML) class diagrams, 264,
320–321, 586–588, 594
variable declaration, 266–268,
272, 284–287, 298–300
variables, 287–293, 322–324,
343–346
void method for, 270–273,
276–277
well-encapsulated,317–319
wrapper, 403–408
writing, 19
clone method, 859
Code, 8
Collection interface, 860
Color, 180–186, 707–710
addition to graphics, 180–
186, 707–711
getColor method, 707–709
setColor method, 182–183
sample choices, 707–711
UnknownColorException

class, 709–710
Comma-separated values (CSV),
748–750
Comments, 104–106, 294–295
information hiding, 294–295
postcondition comments,
294–295
precondition comments,
294–295
programming style, 104–106
Comparable interface, 632–636
compareTo method, 152–154
Compiler checks, 416–417

Compilers, 8–10
Compiling Java programs,
19–20
Compound statements,
140–145
Computer systems, 2–12
class loader, 11
compilers, 8–10
hardware, 3–5
interpreter, 8–10
Java bytecode and, 9–11
languages for, 7–11
memory, 3–5
personal (PC), 3
processor (CPU), 3
programs, 6–7
software, 3, 6–7
Concatenation operator +, 82–83
Conditional operators, 165–166
Constants (literals), 60–63,
81–82, 107–110
char data type, 60
floating-point numbers,
60–62
graphics applet, 110
named, 62–63, 107–110
programming style and,
107–110
String class type, 81–82
Constructors, 375–389, 422–423,
584, 589–591
base class, 589–591
calling (invoking) methods
from, 384–387, 584
calling (invoking) other constructors from, 387–389
default, 380, 383–384
defining, 375–384
derived class, 589–591
inheritance and, 584, 589–
591
new operator for, 375,
380–383
overloading, 422–423
returning a reference, 380–381
set methods compared to,
375–379
super keyword, 589–591
this keyword, 387–389, 591
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UML class diagrams for, 376,
384
Content pane, 353–355
continue loop (statement), 234
Control-C forced ending,210
Coordinate system, graphics
programs, 33–34
Count-controlled loops, 225
Counting, positions in strings,
84
Crashing, computer programs,
118

D
Data storage, 3–5, 16–17,
48–80
data types, 16–17, 50–53
directories, 5
expressions, 17, 48–80
files, 5
folders, 5
Java application programs,
14–16
memory and, 3–5
variables, 16, 48–80
Data structures, 847–916
array-based, 849–859
dynamic, 847–916
generics, 895–903
Java Collections Framework,
859–865
linked, 865–895
parameterized classes, 859,
895–903
Data types, 16–17, 50–53, 63–64,
179–180, 423–425, 597–600,
859, 895–903
assignment statement compatibilities, 63–64
automatic type conversion,
423–425
boolean values, 53
boolean, 52
byte, 52, 64
char, 50–52, 64, 67
characters, 52–53, 67
class, 51
double, 50–52, 63–66
enumeration, 179–180
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Data types (continued)
expressions and, 17, 65–67
float, 52, 64
floating-point numbers, 52
generics, 859, 895–903
inheritance compatibility,
597–600
int, 16–17, 50–52, 63–67
integers, 50, 52, 65–67
long, 52, 64
overloading and, 423–425
parameters as, 895–903
primitive, 51–52
short, 52, 64
single quotes ' ' for, 52–53
type casting, 65–67
variables as, 16, 50–53
Debugging, 27–28, 235–241
assertion checks, 239–240
code correction, 235–236
DEBUG flag, 238
gotchas, 28
hidden error, 28
infinite loops, 235–236
logic error, 27
loop error, 235–241
off-by-one error, 236–237
syntax error, 27
tracing variables, 237–238
DecimalFormat class, 921–924
Declaration, 50–51, 57–58, 219–
220, 266–268, 272, 284–287,
298–300, 485–488, 533–536,
681–684
arrays, 485–488, 533–536
braces { } and, 50, 286–287
exceptions, 681–684
for loop (statement),
219–220
methods for, 266–268, 272,
284–287, 298–300
multidimensional arrays,
533–536
throws clause, 681–684
variables, 50–51, 57–58,
219–220, 266–268, 272,
284–287, 298–300
Decomposition of method code,
415–416

Decrement operator --, 79–80
Default access, 920
default case, 173, 176–177
Default constructors, 380,
383–384
Delimiters, input changes,
99–100
Derived classes (subclass),
578–582, 589–597
calling overridden methods,
591–592
class definition, 578–582
constructors, 589–591
derived classes of, 592–597
inheritance and, 578–582,
589–597
Dialog windows, 113–126,
184–186
branch statements for,
184–186
graphical user interface (GUI),
115–126, 184–186
Integer class, 117–118
integers, 117–120
JOptionPane classr, 113–122
multiple line output, 124–126
parseInt method, 123
reading input (data), 123–124
setSize method, 113–117
string conversion and storage,
117–120, 123–124
string input/output (I/O),
116–120, 123–124
Swing package, 116
yes-or-no buttons, 184–186
Directories, 5, 443–446
Division operator /, 69–70
double data type, 50–52, 63–66
Double.parseDouble method,
123
Doubly linked list, 893–894
do-while loop (statement),
200–205
drawArc method, 35–37
Drawing shapes, 34–37,
241–247, 553–556, 619–636
graphics programs, 34–37,
241–247, 553–556
interfaces, 619–636

drawOval method, 34–35
drawPolygon method, 553–556
drawPolyline method, 553–556
drawString method, 246

Driver programs, 411–414
Dynamic data structures, 847–
916. See also Data structures

E
e (exponent) notation, 61. See
also Floating-point numbers
Eclipse, 917
Empty statements, 218
Empty strings, 82
Encapsulation, 23, 316–321
information hiding, 316–321
javadoc program documentation, 319–320
programming use of, 23
End of line character '\n', 95,
98–99
Enumeration, 179–180, 439–
441, 542
EOFException class, 764–765
Equality operator ==, 145–146,
150–152, 326–330, 508–511
arrays and, 508–511
class type variables and,
326–330
if-else statements using,
145–146
strings and, 150–152
equals method, 150–152,
327–331, 603–606
class type variables and,
327–331
inheritance and, 603–606
strings and, 150–152
EqualsIgnoreCase method,
152–154
Error class, 686
Errors, 27–28, 218–219,
235–241, 686, 766,
813–814. See also Debugging
assertion checks for, 239–240
end of file, 766
exception handling, 686
hidden, 28
infinite loops, 219, 235–236
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infinite recursion, 813–814
logic, 27
loop, 218–219, 235–241
off-by-one, 236–237
semicolon ; placement,
218–219
stack overflow, 813–814
syntax, 27
tracing variables for, 237–238
Escape sequences (characters),
88–89
Event handlers, 449–453
Events, 449
Exception handling, 657–724,
764–766, 769–770, 890–892
binary files, 764–766,
769–770
catch block, 663–664,
687–688, 692–694
checked exceptions, 684–685
code (handling), 659,
667–668
declaring exceptions, 681–684
errors, 686
finally block, 693–694
graphic applications, 707–711
information hiding and, 690
Java, 659–669
linked structures, 890–892
multiple throws and catches,
687–690
nested try-catch blocks, 693
predefined classes, 669–671
programmer-defined classes,
671–678
rethrowing an exception, 694
separate methods for, 692–
693, 703
throw statement, 663,
665–666, 692–693
throwing exceptions, 659–669
throws clause, 681–684
try block, 664–666
try-throw-catch sequence,
666
unchecked (run-time)
exceptions, 685
exit method, 165–166
Expressions, 17, 55–81

arithmetic operators in,
56–57, 68–81
assignment statements and,
55–64
constants (literals) and, 60–63
data storage, 17
data types and, 17, 65–67
floating-point numbers and,
60–62
named constants, 62–63,
107–109
parentheses ( ) for, 71–72
spacing, 71
type casting, 65–67
values, 55–56
variables and, 48–81
Extending interfaces, 618–619

F
Field (number of spaces), 101
Figure size and position, 32–34
File class, 741–746
file names, 741–744
path names, 743–744
methods of, 744–746
File I/O, 725–798
binary files, 728–729,
751–779
comma-separated values
(CSV), 748–750
File class, 741–746
graphics application, 779–785
methods for, 744–747
overwriting, 736
path names, 743–744
reading data, 738–743,
758–766
silent programs, 734
streams and, 725–798
text files, 728–740
use of, 728
writeInt method, 753–757
writeUTF method, 757–758
writing data, 730–736,
743–744, 751–758
Files, 5, 265, 728–740, 751–779
auxiliary memory, 5
binary, 728–729, 751–779
class compilation, 265
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naming, 731, 734
text, 728–740
fillOval method, 34–35
fillPolygon method, 553–556
final modifier, 583–584
final statement, 62
finally block, 693–694
Firing and event, 449
float data type, 52
Float.parseFloat method, 123
Floating-point numbers, 52,
60–64, 68–70, 101–102, 146
arithmetic operators and,
68–70
assignment compatibility,
63–64
assignment operators and,
60–62
boolean expressions == and
!=, 146
comparison of, 146
constants, 60–62
data types, 52
double data type, 50–52,
63–64
e (exponent) notation, 61
exponential format specifier
%e, 102
float data type, 52
format specifier %f,101–102
imprecision of, 62
floor (rounding down) method,
401–402
Folders, auxiliary memory, 5
for-each loop (statement), 222,
858
for loop (statement), 213–221,
490, 502, 535–536
arrays and, 490, 502,
535–536
comma operator ,, 220
semantic, 217
semicolons ;, 218–219
syntax, 214–217
variables declared in,
219–220
Formal parameters, 287, 292.
See also Parameters
Format specifiers %, 101–102
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Formatted output, 101–102
Full path name, 743
Functions, see Methods

G
Garbage collection, 875
Generic data types, 859
Generics, parameter types,
895–903
get (accessor) methods,
302–305
getColor method, 707–709
getContentPane() method,
353–354
getText method, 551–552
Global variables, see Static
variables
Graphical user interface (GUI),
110–126, 449–461, 639–644,
707–711, 779–785
ActionListener interface,
644
buttons, 449–461, 639–644,
707–711
dialog windows (boxes),
115–126
event handlers, 449–453
exception handling, 707–711
file manipulation, 779–785
instance variables for, 785
interface applications,
640–642, 644
JFrame class, 110–114, 639–
644, 707–709, 779–785
JOptionPane class, 113–122
listener objects handlers,
449–453
string input/output (I/O),
116–120, 123–124
Swing package, 116
UnknownColorException

class, 709–710
window events and listeners,
642–644
Graphics, 30–38, 109–126,
180–186, 241–247, 346–356,
447–461, 548–556, 619–636,
638–644, 707–711, 779–785
arcs, 35–37

branch statements for,
180–186, 241–247
buttons, 447–461639–644,
707–711
canvas, 37
class methods and parameters,
346–356
color, 180–186, 707–710
conversion from applet to application, 110–113
coordinate system for, 33–34
dialog windows (boxes),
113–126, 184–186
drawArc method, 35–37
drawing shapes, 34–37, 241–
247, 553–556, 619–636
drawOval method, 34–35
drawPolygon method,
553–556
drawPolyline method,
553–556
drawString method, 246
exception handling for,
707–711
figure size and position,
32–34
file I/O for, 779–785
fillOval method, 34–35
fillPolygon method,
553–556
getText method, 551–552
graphical user interface (GUI),
110–126, 449, 639–644,
707–711, 779–785
Graphics class, 346–351,
553–556
icons, 456–458
init method, 352–353
interfaces for, 619–636,
639–642, 644
JApplet class, 639
Java programs for, 30–38
JFrame class, 110–114, 639–
644, 707–709, 779–785
JOptionPane class, 113–122,
184–186
JTextArea class, 551–552
JTextField class, 551–552
labels, 352–355, 461

looping for, 241–247
multifaced (looping and
branching) applets,
241–247, 348–351
ovals and circles, 34–35
paint method, 32, 352
pixels, 32–33
polygons, 553–556
polylines, 553–556
programming style, 109–126
programs, 30–38
sequences, 241–247
setColor class, 181–184
setText method, 551–552
setVisible method,
458–461
text areas, 548–552
text fields, 548, 551–552
visibility of components,
458–461
windowing, 110–126
Greater than or equal to symbol
>=, 139–140, 145

H
Handling exceptions (code), 659,
667–668
Hardware, computer systems,
3–5
Has-a relationships, 600–601
HashMap class, 862–864
HashSet class, 861–862
Head node (reference), 869
Heading, void methods, 272
Hidden error, 28
High-level language, 7–8

I
Icons, buttons with, 456–458
Identifiers, 53–55
if statements, 143–144
if-else statements, 138–168
boolean expressions, 139–142,
145–152, 167–168
boolean operators, 151
boolean variables, 167–168
compareTo method, 152–154
compound statements,
140–145

INDEX

conditional operators,
165–166
equality operator ==,
150–152
greater than or equal to
symbol >=, 139–140
indentation braces { },
140–142, 156–157
lexicographic order, 153–154
logical operators, 146–150
multibranch, 157–166
nested, 155–157
semantics of, 142–143
string comparisons, 150–155
imageIcon method, 456–457
Implementation, 265–266,
613–615, 869–876
classes, 265–266
interfaces, 613–615
linked structures, 869–876
import statement, 16–17, 58–59,
442–443
Importing packages, 442–443
Increment operator ++, 79–80
Indentation, 106–107, 140–142,
155–157
braces { }, 106–107, 140–142,
156–157
if-else statements, 140–142,
155–157
nesting statements without
braces, 155–157
programming style, 106–107
Index (subscript), 482–483, 487,
491–493
arrays, 482–483, 487,
491–493
invalid (out of bounds),
491–493
zero value of, 482–483, 493
Indexed variables, 482–488,
503–505
accessing arrays, 482–484
arguments, as, 503–505
brackets [ ] for, 482,
485–486
creating arrays, 482–486
declaring arrays, 485–488
methods and, 503–505

Infinite loops, 209–210, 218–
219, 235–236
code correction for, 235–236
control-C forced ending, 210
iteration and, 209–210
semicolon ; placement,
218–219
Infinite recursion, 812–814
Information hiding, 294–321, 690
abstract data type (ADT), 319
accessor (get) methods,
302–305
class definition and, 435–439
class implementation and,
300–302, 306–310, 317
class interface, 317
encapsulation, 316–321
exception handling and, 690
instance variables and,
297–300
methods calling methods,
310–315
methods for, 294–316,
435–439
mutator (set) methods,
302–305
postcondition comments,
294–295
precondition comments,
294–295
privacy leaks, 435–439
private modifier, 296–299,
315, 320–321
public modifier, 296–299,
320–321
well-encapsulated class,
317–319
Inheritance, 24–25, 576–609
base class (superclass), 579,
584–585, 590
class definition, 576–584
class hierarchy, 578–579,
586–588
constructors and, 584,
589–591
derived classes (subclass),
578–582, 589–597
dynamic binding and,
606–609
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equals method, 603–606
final modifier, 583–584

has-a relationships, 600–601
is-a relationships, 580–581
methods and, 582–585,
602–606
Object class, 602–603
overriding methods, 582–584,
591–592
polymorphism and, 606–609
private instance variables
and methods, 584–585
programming use of, 24–25,
589–606
super keyword, 589–591, 597
this keyword, 591
toString method, 602–603
type compatibility, 597–600
UML diagrams for, 586–588,
594
init method, 352–353, 445
Initializing arrays, 494–495
Inner classes, 877–878
Input data streams, 727–729,
738–744
keyboard input, 741–744
path names, 743–744
reading data, 738–743
text files, 738–743
Input/output (I/O), 58–60,
91–103, 116–126, 171–172,
409–415. See also File I/O
assignment statements used
for, 58–60
boolean values, 171–172
conversion of strings to integers, 116–120, 123–124
delimiters, 94, 99–100
dialog windows, 116–126
double quotes " " for, 91–92
format specifiers %, 101–102
formatted output, 101–102
formatting output, 409–415
graphical user interface (GUI),
116–124
keyboard input, 94–100
multiple line output, 124–126
next methods, 94–96
print statement, 92–93
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Input/output (I/O) (continued)
printf statement, 101–102
println statement used for,
92–93
screen output, 60, 91–93
strings used for, 91–103,
116–120, 123–124
writing methods and,
409–415
Instance variables, 266–268,
282–283, 297–300, 320–321,
488–490, 584–585, 785
arrays and, 488–490
dot notation ., 282–283
GUI components as, 785
information hiding, 297–300
inheritance and, 584–585
length, 488–490
object member data, 266–268
private modifier, 297–300,
584–585
this keyword, 282–283
UML class diagram notation
for, 320–321
Instantiation, 264–265,
850–852
int data type, 16–17, 50, 52, 58,
63–67, 117–119
Int.parseInt method, 123
Integer class, 117–118,
404–405, 407
Integers, 50, 52, 63–67, 101–102,
117–120
assignment compatibility,
63–64
byte data type, 52
character relations, 67
data types, 50, 52
decimal format specifier %d,
101–102
graphical user interface (GUI),
117–120
int data type, 50, 52, 58,
63–67, 117–119
long data type, 52
short data type, 52
string conversion and storage,
117–120
type casting, 65–67

Integrated development
environment (IDE), 20
Interfaces, 317, 611–642, 644
abstract classes, 636–638
ActionListener interface,
644
algorithms for, 624–626
class, 611–612
Comparable, 632–636
extending, 618–619
graphic applications, 619–
636, 639–642, 644
implementing, 613–615
Java, 612–613
methods specified using,
614–615
reference types, as, 615–618
Interpreters, computer systems,
8–10
Invalid (out of bounds) index,
491–493
Invoking methods, 16–18,
83–84, 269–271, 282–283,
287–293, 310–315, 391–392,
397–398, 808–811
arguments ( ), 16–18, 84
dot (call) notation ., 16–18,
84–85, 282–283
instance variables and,
282–283
methods calling methods,
310–315
parameters and, 287–293
recursion, 808–811
returning values, 269–271
static, 391–392, 397–398
String class, 83–84
this keyword, 282–283
Is-a relationships, 580–581
Iterations, 196–197, 200, 225–
229, 814–816, 878–890
ask before, 225–226
boolean variables for,
227–229
control in programming,
225–229
count-controlled loops, 225
linked structures and,
878–890

loop body, 196–197
recursive methods compared
to, 814–816
sentinel values, 226–227
while loops, 197, 200
zero, 200
Iterator interface, 890

J
JApplet class, 639
Java Class Library, 530–531
Java Collections Framework,
859–865
Collection interface, 860
HashMap class, 862–864
HashSet class, 861–862
Map interface, 862
java execute command, 20
Java programs, 9–21, 30–38,
196–222, 319–320, 539–540,
612–613, 659–669, 728–729,
771–772, 917–931
applets, 13–14, 30–32,
918–919
applications, 13–19
bytecode, 9–11
C++ compared to, 928–931
class loader for, 11
classes, 19–21
compiling, 19–20
DecimalFormat class,
921–924
documentation, 320–321,
925–927
exception handling, 659–669
graphics, 30–38
integrated development environment (IDE), 20
interfaces, 612–613
interpreter for, 9–10
javadoc, 319–320, 925–927
language history, 12–13
looping statements, 196–222
methods { }, 14–18
multidimensional arrays,
539–540
object serialization, 771–772
packages, 14, 920
protected modifiers, 920
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resources, 917
running, 20–21
syntax, 17
text file storage of, 728–729
writing, 19
Java SE Development Kit (JDK),
917
Java virtual machine (JVM), 9
javac compile command, 20
javadoc program documentation, 319–320, 925–927
JFrame class, 110–114, 639–644,
707–709, 779–785
JLabel class, 355
JOptionPane class, 113–122
JTextArea class, 551–552
JTextField class, 551–552

K
Keyboard input, 94–100,
741–744
delimiters, 94, 99–100
end of line character '\n', 95,
98–99
file names, 741–744
next methods, 94–96
path names, 743–744
Scanner class, 94–98
Keywords, 54, 282–283, 387–
389, 589–592, 597
calling overridden methods,
591–592, 597
constructors and, 387–389,
589–591, 597
instance variables and,
282–283
super, 589–592, 597
this, 282–283, 387–389, 597

L
Labels added to graphics applets,
352–355
Language, 7–11, 12–13, 17
assembly, 7
class loader, 11
compilers, 8–10
computer systems, 7–11
high-level, 7–8
history of Java, 12–13

interpreters, 8–10
Java bytecode, 9–11
low-level, 7
machine, 7
syntax, 17
length instance variable,
488–490, 539
Lexicographic order, if-else
statement strings, 153–154
Linked structures, 865–895
ADT stack, 894
binary trees,,894–895
circular, 893
doubly, 893–894
exception handling, 890–892
head node (reference), 869
implementation of, 869–876
inner classes, 877–878
iterators, 878–890
LinkedList class, 865–895
List interface, 866
nodes, 866–869, 875, 878,
893
object data in, 892–893
privacy leaks, 876–877
tail node, 893
trees, 894–895
LinkedList class, 865–895
List interface, 866
Listener objects handlers,
449–453
Lists, 850. See also Array-based
data structures; Linked structures
Local variables, 272, 284–286
Locations, main memory,4–5
Logic error, 27
Logical operators, 146–150
long data type, 52
Long.parseLong method, 123
Loops, 195–259, 490, 502,
535–536
algorithms for, 206–209
arrays and, 490, 502, 535–536
body, 196–197, 223
boolean variables for,
227–229
brace { } positions, 199–201
break statement, 232–234

943

comparison of, 221–222
continue statement, 234
count-controlled, 225
do-while statement, 200–205
ending, 227–229, 232–234
errors, 218–219, 235–241
for statement, 213–221, 490,
502, 535–536
for-each statement, 222
graphics application,
241–247
infinite, 209–210, 218–219,
235–236
initializing statements,
224–225
iterations, 196–197, 200,
225–229
Java statements, 196–222
nested, 211–213
programming, 210, 221–239
semicolons ;, 201, 218–219
while statement, 197–200,
211–213
Low–level language, 7

M
Machine language, 7
Main memory, 3–4
main method, 15, 20, 268, 271,
397–400, 507–508
Map interface, 862
Math class, 400–403
Megapixels, 33
Memory, 3–5, 323–327
address, 3–4, 323–327
auxiliary, 3, 5
bytes, 3–5
class type variables and,
323–327
computer systems, 3–5
data storage, 3–5
directories, 5
files, 5
folders, 5
locations, 4–5
main, 3–4
random access (RAM), 3
secondary, 3
zero and one states, 5
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Merge sort, 830–834
Methods, 14–18, 20, 22–23,
83–86, 94–98, 112–113,
117–124, 261–372, 373–478,
503–508, 511–515, 582–585,
602–606, 744–747, 801–820,
852–855
accessor (get), 302–305
action performing, 269–271
arguments ( ), 16–18, 84,
503–508
ArrayList class, 852–855
arrays and, 503–508, 511–515
body, 16, 272
boolean-valued, 334–336
braces { }, 14–15, 272
calling other methods,
310–315
classes and, 261–372
class-type variables, 327–331,
334–336
constructors, 375–389,
422–423
converting strings to numbers,
117–120, 123–124
data structures, 852–855
data types, 16–17
dialog windows, 117–124
dot (call) notation ., 16–18,
84–85, 282–283
end of instructions ;, 17
enumeration, 439–441
equals, 327–331, 603–606
File class, 744–746
file I/O, 744–747
final modifier, 583–584
graphical user interface (GUI),
112–113, 117–124
graphics applications, 112–113,
117–124, 447–461
headings, 272, 292–293
indexed variables as arguments, 503–505
information hiding, 294–316,
435–439
inheritance and, 582–585,
602–606
invoking (calling), 16–18,
118, 269–271, 282–283,

287–293, 384–387,
808–811
Java application programs,
14–18
JOptionPane class, 117–124
keyboard input, 94–98
local variables, 272, 284–286
main, 15, 20, 268, 271,
397–400, 507–508
math class, 400–403
mutator (set), 302–305
naming, 275, 425
object-oriented programming
(OOP), 22–23
objects, 16, 373–478
overloading, 420–434
overriding, 582–584, 591–592
parameters of, 287–293,
228–345
parseInt, 123–124
primitive type variables,
287–293, 343–345
private instance variables
and, 584–585
reading data, 17, 123–124
recursive, 801–820
return statements, 273–278
returning value, 269–271,
273–275, 816–820
running Java classes, 20
Scanner class, 94–98
setSize, 112–113
signature, 422
statements " ", 16
static, 389–408
streams and, 746–747
String class, 83–86
stub, 418
testing, 411–415, 418
this keyword, 282–283
toString, 602–603
UML class diagram notation
for, 320–321
variable declaration, 266–268,
272, 284–287, 298–300
void, 270–273, 276–278
writing, 409–420
Multibranch if-else statements,
157–166

Multidimensional arrays,
532–548
brackets [ ] for, 535–536,
538
declaring and creating,
533–536
enumeration for, 542
for loop (statement),
535–536
Java representation of,
539–540
length instance variable for,
539
named constants for,
543–548
parameters, 536–538
ragged, 540–542
return types, 536–538
two-dimensional, 532–535,
539–540
Multifaced (looping and branching) applets, 241–247
Multiplication operator *, 56, 69
Mutator (set) methods,
302–305
Mutually exclusive statements,
158

N
Named constants, 62–63,
107–109, 532–548
Naming, 50, 53–55, 103–104,
275, 425, 446, 487–488, 731,
734, 741–744
arrays, 487–488
clashes, 446
File class, 741–744
files, 731, 734, 741–744
keyboard input, 741–744
methods, 275, 425
packages for organization of,
446
path names, 743–744
variables, 50, 53–55, 103–104
Negative test, 337
Nested statements, 155–157,
211–213, 693
if-else, 155–157
indentation for, 156–157
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loops, 211–213
try-catch blocks, 693
while, 211–213

NetBeans, 917
new operator, 58–59, 375,
380–383
Newline escape character \n,
88–89
next() method, 94–97
nextBoolean method, 172
nextDouble() method, 94, 96
nextInt() method, 94–96
nextLine() method, 94–97
Nodes, 866–869, 875, 878, 893
null statements, 218, 417,
518–519
NullPointerException

message, 875
numberOfInvocations

statement, 390

O
Object class, 602–603
ObjectInputStream class,

751–758
Object-oriented programming
(OOP), 21–26
algorithms, 25–26
classes and, 22–24
encapsulation, 23
inheritance, 24–25
methods and, 22–23
object attributes, 22
polymorphism, 23–24
ObjectOuputStream class,
758–763
Objects, 8, 16, 22–24, 263–268,
282–283, 287–293, 321–348,
373–478, 771–779, 892–893
attributes, 22, 264
arrays, 776–779
binary files and, 771–779
boolean-valued methods,
334–336
class type variables, 322–334,
338–346, 771–776
classes and, 22–24, 263–265,
282–283, 321–346
code, 8

constructors, 375–389,
422–423
equals method for, 327–331
graphics applications, 346–
348, 447–461
Graphics class, 346–348
information hiding, 435–439
instance variables, 266–268
instantiation of, 264–265
linked structures with,
892–893
members, 265–266
memory addresses and,
322–327
methods and, 16, 373–478
naming, 321–346
new operator, 268
packages, 441–446
parameter passing methods,
287–293, 340–345
primitive type variables,
343–345, 343–345
reference type variables,
322–334
regression testing, 336–338
representation of, 263–264
serialization, 771–772
static methods, 389–408
Off-by-one error, 236–237
Operands, 98
Operating system (OS), 7
Operator precedence, 168–169
Out of bounds (invalid) index,
491–493
Output, see File I/O; Input/output
(I/O)
Output data streams, 727–737,
751–758
appending (adding) to files,
736–737
binary files, 751–758
buffering, 731
closing (disconnecting) from
files, 731–732
flow of, 727–729
opening (connecting) to files,
730–731
primitive data types, 753–756
strings, 756–757
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text files, 730–737
writing (creating) to files,
730–736, 751–758
Ovals drawn in graphics
programs, 34–35
Overloading, 420–434, 583, 819
automatic type conversion,
423–425
constructors, 422–423
methods, 420–434
naming methods and, 425
overriding compared to, 583
recursion compared to, 819
return data types, 426
signature, 422
Overriding methods, 582–584,
591–592, 597
calling (invoking), 591–592,
597
class and method definitions,
582–584
final modifier, 583–584
super keyword, 591–592, 597

P
Packages, 14, 116, 441–446, 920
access (default), 920
class path base directories,
443–446
class path variables, 443–446
classes, 441–446
graphics application, 116
importing, 442–443
Java programs, 14, 116, 920
naming clashes and, 446
paint method, 32, 352
Parameterized classes, 859,
895–903
Parameters, 287–293, 338–345,
505–507, 536–538, 895–903
actual, 288
arguments and, 287–292,
340–343, 505–507
arrays, 505–507, 536–538
call-by-value, 288–289
class type variables, 338–345
data structures and, 895–903
formal, 287, 292
generics, 895–903
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Parameters (continued)
headings and, 292–293
inner class access, 902–903
method invocation and,
287–293
multidimensional arrays,
536–538
passing methods, 287–293,
340–345
primitive type variables,
287–293, 343–345
type casting, 290
types, 895–903
Parentheses ( ), arithmetic
expressions, 71–73
parse string conversion
methods, 123
Partially filled arrays, 523–524
Path names, 743–744
Personal computer (PC), 3
Pictures (icons), 456–460
Pixels, 32–33
Polygons, drawing graphics,
553–556
Polylines, drawing graphics,
553–556
Polymorphism, 606–610
dynamic binding and,
606–610
inheritance and, 606–609
toString method, 609–610
Polymorphism, programming use
of, 23–24
Postcondition comments,
294–295
Postfix form, variables, 80
Precedence rules, 71–72,
168–171
arithmetic expressions, 71–72
boolean expressions, 168–171
Precondition comments,
294–295
Predefined exception classes,
669–671
Prefix form, variables, 80
Primitive data types, 51–52, 57,
287–293, 343–345, 403–408,
729, 753–756
assignment statements and, 57

binary files, 729, 753–756
boxing, 404
call-by-value methods,
288–289
Character class, 406–407
class type variables compared
to, 343–345
Integer class, 404–405, 407
parameters, 287–293
static methods for, 403–408
String class, 405–406, 408
unboxing, 404–405
variables, 51–52, 287–293
wrapper classes and, 403–408
writing to binary files,
753–756
print statement, 92–93
println statement, 92–93
Privacy leaks, 435–439, 514,
876–877
private modifier, 296–300, 315,
320–321, 920
inheritance and, 584–585
instance variables, 297–300,
584–585
information hiding and,
296–300, 315
methods, 315, 584–585
protected modifier and, 920
UML class diagram notation
for, 320–321
Programmer-defined exception
classes, 671–678
Programming, 21–29, 53–55,
103–126, 140, 153–157, 210,
221–239, 515–525, 589–606,
820–834. See also Debugging
algorithms, 25–26
arrays and, 515–525
binary search, 822–829
boolean variables for,
227–229
break statement, 232–234
case sensitivity, 53–55,
153–154
classes and, 22–24, 515–525
comments, 104–106
continue statement, 234
debugging, 27–28

documentation, 103–109
encapsulation, 23
ending loops, 227–229,
232–234
errors, 27–28, 235–241
graphics applications,
109–126
indentation braces { },
106–107, 140, 156–157
inheritance, 24–25, 589–606
initializing statements,
224–225
input/output (I/O), 116–126
iteration control, 225–229
lexicographic order, 153–154
loops, 210, 221–239
merge sort, 830–834
methods, 22–23, 113–122
named constants, 107–109
naming variables, 103–104
nested structure, 107
null statements, 518–519
object-oriented (OOP), 21–26
partially filled arrays,
523–524
polymorphism, 23–24
programming use of, 24–25,
589–606
recursion for, 820–834
restarting input process,
820–821
software reuse, 28–29
stopping infinite loops, 210
string order, 153–154
testing for errors, 27–28
Programs, 6–21, 30–38, 104–
106, 118
applets, 13–14, 30–32, 37–38
applications, 13–19
classes, 19–21
code, 8, 104–106
compilers, 8–10
computer systems, 6–7
crashing, 118
executing, 6
graphics application, 30–38
interpreters, 8–10
Java, 12–21, 30–38
languages, 7–13, 17
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operating system (OS), 7
running, 6, 20–21
self-documenting, 104–106
software, 6–7
protected modifier, 920
Pseudocode, 25–26
public modifier, 296–299,
320–321, 920
information hiding and,
296–299
protected modifier and, 920
UML class diagram notation
for, 320–321
public static final statement, 62–63

R
Ragged arrays, 540–542
Random access memory (RAM),
3
random method, 402–403
Reading data, 738–743, 758–766
binary files, 758–766
EOFException class, 764–765
keyboard input, 741–734
naming files, 741–734
ObjectOuputStream class,
758–763
text files, 738–740
Recursion, 800–845
arrays and, 822–834
base (stopping) case for,
801–802, 809, 811
binary search using, 822–829
calling (invoking) methods,
808–811
infinite, 812–814
iterative methods compared
to, 814–816
merge sort using, 830–834
overloading compared to, 819
programming with, 820–834
recursive methods, 801–820
restarting input process,
820–821
returning values, 816–820
stack overflow, 813–814
Reference types, 322–327,
380–381

class type variables as,
322–327
constructors for, 380–381
interfaces as, 615–618
memory addresses as,
323–327
object naming, 322–327
returning, 380–381
variables, 322–327
Regression testing, 336–338
Relative path name, 743
Remainder (modulus) operator
%, 70
Reserved words, 54
Return data types, 426
return statements, 273–278
Returning values, 269–271,
273–278, 380–381, 511–513,
536–538, 816–820
arrays, 511–513, 536–538
methods, 269–271, 273–278,
816–820
multidimensional arrays,
536–538
recursive methods, 816–820
references, 380–381
Running (executing) Java programs, 20–21
Run-time (unchecked)
exceptions, 685

S
Scanner class, 94–98
Scientific notation, 60
Screen output, 60, 91–93
Searching arrays, 531, 822–829
binary, 822–829
sequential, 531
Secondary (auxiliary) memory, 3
Selection sort, 525–529
Self-documenting programs,
104–106
Sequential search, 531
Serialization of objects, 771–772
set (mutator) methods, 302–305
setBackground method, 354
setColor method, 182–183
setSize method, 113–117
setText method, 551–552
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setVisible method, 458–461
short data type, 52
Short.parseShort method, 123

Short-circuit evaluation, 170–171
showInputDialog method, 117
showMessageDialog method,
119
Signature, 422
Silent programs, 734
Software, computer programs, 3,
6–7
Software reuse, 28–29
Sorting arrays, 525–531, 830–
834
algorithms, 526–527, 529–
531, 830–831
interchange sorting algorithm,
526–527
Java Class Library for,
530–531
merge sort, 830–834
recursion for, 830–834
selection sort, 525–529
Source code, 8
Spacing, arithmetic expressions,
71
Stack overflow, 813–814
Statements, 16, 55–81, 87, 137–
194, 195–259, 239–240
assertion, 239–240
assignment, 55–81, 87
branching, 137–194
break, 232–234
continue, 234
do-while statement, 200–205
empty, 218
for, 213–221
for-each, 222
if-else, 138–166
initializing, 224–225
loops, 195–259
mutually exclusive, 158
nested, 155–157, 211–213
null, 218
quotes " " for Java methods,
16
switch, 173–180
while statement, 197–200,
211–213
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Static methods, 389–408
boxing, 404
ceil (rounding up) method,
401–402
Character class, 406–407
class (static) variables,
389–390
combinations of classes with,
392–394
floor (rounding down)
method, 401–402
Integer class, 404–405, 407
invoking (calling), 391–392,
397–398
main method, 15, 20, 268,
271, 397–400
Math class, 400–403
non-static methods combined
with, 394–396
primitive types and, 403–408
random method, 402–403
String class, 405–406, 408
subtasks for, 397–398
unboxing, 404–405
wrapper classes, 403–408
Static variables, global variables
as, 286
Stopping (base) case, 801–802,
809, 811
Stream variable, 730
Streams, 725–798
binary files, 728–729,
751–779
comma-separated values
(CSV), 748–750
file I/O and, 725–798
input data, 727–729
methods for opening,
746–747
ObjectInputStream class,
758–763
ObjectOuputStream class,
758–763
opening, 746–747
output data, 727–737
text files, 728–740
String class, 80–91, 405–406,
408
String comparisons, 150–155

Strings, 81–103, 116–120,
123–124, 150–154, 516,
756–757
arguments ( ), 84
arrays and, 516
assignment statements for,
87
binary files, writing to,
756–757
compareTo method,
152–154
comparison of, 150–152
concatenation operator +,
82–83
constants, 81–82
conversion and storage as
integers, 117–120, 123
counting positions, 84
dialog window construction,
116–120, 123–124
empty, 82
equality operator ==, 150–152
equals method, 150–152
EqualsIgnoreCase method,
152–154
escape characters, 88–89
format specifier %s, 102
graphical user interface (GUI),
116–120, 123–124
if-else statements,
150–154
index value, 88
input/output (I/O) using,
91–103, 116–120,
123–134
lexicographic order of,
153–154
methods, 83–86
multiple output, 124
parseInt method, 123
processing, 85–87
String class, 80–91, 116
substring, 84–85
Unicode character set, 89
value " ", 82–83, 88
variables, 81–82
whitespace characters in,
84–85
Stub methods, 418

Subscript (index), arrays,
482–483, 487
Subscripted variables, see Indexed
variables
Substring, 84–85
Subtasks, 397–398, 415–416
method decomposition,
415–416
static methods, 397–398
Subtraction operator –,
56, 69, 71
super keyword, 589–592, 597
Swing package, 116, 456
switch statements, 173–180
break statement, 173–177
case labels, 173, 175
default case, 173, 176–177
enumeration, 179–180
string expressions, 176–177
Syntactic variables, 51
Syntax, 17
Syntax error, 27, 146
System.exit statement,
120–121
System.out.println

statements, 16

T
Tail node, 893
Testing, 27–28, 411–415, 418.
See also Debugging
bottom-up, 418
methods, 411–415, 418
programs, 27–28
stubs, 418
Text areas, 548–552
Text fields, 548, 551–552
Text files, 728–740
appending (adding) to,
736–737
ASCII characters for, 729
Java program storage in,
728–729
reading from, 738–740
try blocks and, 732, 735
Unicode characters for, 729
writing (creating), 730–736
this keyword, 282–283,
387–389, 591

INDEX
throw statement, 663, 665–666,

UnknownColorException class,

692–693
Throwing exceptions, 659–669
throws clause, 681–684
toString method, 602–603,
609–610
Tracing variables, 237–238
Trees, linked structures, 894–895
true-false statements,
167–172
boolean expressions,
168–172
boolean variables, 167–168
input/output (I/O) of values,
171–172
precedence rules, 168–171
short-circuit evaluation,
170–171
Truncating values, 66
try blocks, 664–666, 687–689,
728–740
try-throw-catch sequence, 666
Two-dimensional arrays, 532–
535
Type casting, 65–67, 290,
404–405
boxing, 404
changing values using, 65
character and integer relations,
67
data types and, 65–67
parameters, 290
truncating values using, 66
unboxing, 404–405

709–710
User, 14

U
Unary operators, 70
Unboxing, wrapper classes,
404–405
Unchecked (run-time)
exceptions, 685
Unicode character set, 67, 89,
729, 932
Uninitialized variables, 57
Unit testing, 336–338
Universal Modeling Language
(UML) class diagrams, 264,
320–321, 376, 384, 586–588,
594

V
Values, 49, 53, 55–64, 82–83, 88,
171–172. See also Assignment
statements
boolean, 53, 171–172
expressions, 55–64
input/output (I/O) of,
171–172
invalid (out of bounds), 88
strings " ", 82–83, 88
variables, 49, 55–64
Variables, 16, 48–82, 103–104,
167–168, 219–220, 237–238,
266–268, 272, 284–287,
298–300, 322–334, 338–346,
443–446, 482–488, 491–493,
503–505
arithmetic operators and,
56–57, 80
array elements, 482–488
assignment statements and,
55–81, 168
blocks, 286–287
boolean, 167–168
braces { } and declaration of,
50, 286–287
class path, 443–446
class type, 322–334, 338–346
classes and, 266–268, 272,
284–287, 298–300
data storage, 16, 49
data types, 16–17, 50–53
declaration, 50–51, 57–58,
219–220, 266–268, 272,
284–287, 298–300
expressions and, 55–81
identifiers, 53–55
indexed, 482–488, 491–493,
503–505
instance, 266–268, 298–300
Java case sensitivity, 53–55
local, 272, 284–286
loops and, 219–220, 237–238
methods and, 266–268, 272,
284–287, 298–300
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naming, 50, 53–55, 103–104
object naming, 322–334,
338–346
parameters of, 287–293,
228–345
primitive type, 51–52,
287–293, 343–345
programming style, 103–104
reference type, 322–334
static, 389–390
String, 81–82
syntactic, 51
tracing, 237–238
true-false statements,
167–168
type casting, 65–67
uninitialized, 57
value, 49, 55–64, 80,
167–168
Virtual machines, 9
Visibility of graphic components,
458–461
void methods 270–273, 276–278
Volatile information, 3

W
Well-encapsulated class,
317–319
while loop (statement),
197–200, 211–213
Whitespace, 84–85, 99–100
characters, 84–85
delimiter "##", 99–100
Window events and listeners,
642–644
Windowing, 110–126. See also
Dialog windows; Graphical
user interface (GUI)
Wrapper classes, 403–408
writeInt method, 753–757
writeUTF method, 757–758
Writing data, 409–420, 730–736,
743–744, 751–758
algorithms for, 410–411
binary files, 751–758
bottom-up testing, 418
compiler checks, 416–417
decomposition, 415–416
driver programs, 411–414
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Writing data (continued)
files, 730–736, 743–744,
751–758
formatting output, 409–415
methods, 409–420
null statement, 417
ObjectInputStream class,
751–758
path names, 743–744

primitive data values, 729,
753–756
strings, 756–757
stub methods, 418
testing, 411–415, 418
text files, 730–736
writeInt method, 753–757
writeUTF method, 757–758
Writing Java programs, 19

Y
Yes-or-no dialog boxes, 184–186

Z
Zero and one states of memory,
5
Zero index values, 482–483,
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