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Preface

Like all Schaum’s Outline Series books, this is intended to be used primarily for self study,
preferably in conjunction with a regular course in the fundamentals of computer science using
the Java programming language.

The book includes over 200 examples and problems. The author firmly believes that
programming is learned best by practice, following a well-constructed collection of examples
with complete explanations. This book is designed to provide that support.

Source code for all the examples, solved problems, and supplementary problems in this book
may be downloaded from the author’s Web page:

http://www.richmond.edu/~hubbard/
This site will also contain any corrections and addenda for the book.

I wish to thank all my friends, colleagues, students, and the McGraw-Hill staff who have
helped me with the critical review of this manuscript, including Eric Ciampa, Andrew Somers,
Michael Somers, and Maureen Walker. Special thanks to Anita Hubbard for her advice, encour-
agement, and supply of creative problems for this book.

JOHN R. HUBBARD
Richmond, Virginia
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Chapter 1

Getting Started

1.1 THE JAVA PROGRAMMING LANGUAGE

The Java programming language was developed by James Gosling at Sun Microsystems in
1991. Its name is a slang term for coffee. When the World Wide Web appeared on the Internet in
1993, the language was enhanced to facilitate programming on the web. Since then it has become
one of the most popular languages, especially for network programming.

To see why Java is the language of choice among network programmers, imagine a network
of different computers like this:

IBM workstation Dell PC running Macintosh PC
running AIX on a WindowsNT on an running MacOS on a
Motorola PowerPC Intel Pentium II Motorola PowerPC
Toshiba laptop PC Sony network PC
running Windows on network running Windows98
an Intel PentiumPro on an Intel Celeron
CyberMax PC Unicent PC SGI workstation
running Windows98 running Windows95 running IRIX on a
on a Cyrix 6x86 on an AMD K6 MIPS R10000

These might be eight computers in the same room connected within a local area network, or they
could be in eight different cities on four continents connected by the Internet. The point is that
they are running different operating systems (AIX, WindowsNT, etc.) on different processors
(PowerPC, Pentium I, etc.). Suppose that you want to write a program on the IBM workstation
that can be run on all eight computers.

Before a computer program can be run, it has to be translated into the machine language that
the computer’s processor understands. In programming languages such as Pascal and C++, this
translation is done by a compiler, and the resulting machine language version of the program is
called the executable image. But different processors have different machine languages. So, for
example, an executable image produced on the IBM workstation would not run on any of the
other computers in the network shown above. To have his or her program run on all the comput-
ers in the network, the programmer would have to compile it separately on each one!

i
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To solve this problem, Java provides both a compiler and a software system called the Java
Virtual Machine (JVM) for each computer system. The Java compiler, javac, translates Java
source code into an intermediate level language, called bytecodes. Like the source code itself,
bytecodes are independent of the type of computer system. The same bytecode file can be used
by any computer. When one computer wants to run a Java program written on another computer,
it downloads that program’s bytecode file and delivers it to its own JVM. The JVM then
translates the bytecodes into its own system’s machine language and runs the result.

Hi.java javac Hi.class

Hi.class java

This picture represents the same network as before. It shows three files on the IBM
computer: a Java source code file named Hi.java, the javac compiler, and the Java bytecode
file named Hi.class. That bytecode file was produced by the compiler when the programmer
executed the command

javac Hi.class

on the IBM computer. Later, a user at the Sony computer on the right clicked on a Web page that
includes instructions to run the Hi.class program. In response, the Sony computer
downloaded the Hi.class bytecode file from the IBM computer and ran its own local JVM on
it. The JVM on the Sony computer knows how to translate the bytecode into its own processor’s
machine language so it can be executed there. All the previous work done on the IBM computer
is completely independent of the Sony computer. In fact, the Hi.class bytecode file could
have been produced long before the Sony computer or its Intel Celeron processor were ever
invented!

Most Web browsers (Netscape’s Communicator, Microsoft’s Internet Explorer, efc.) come
bundled with the JVM. So when you load a web page that includes instructions to run a Java
program, the browser automatically downloads the bytecode file and runs the JVM on it. All you
see are the results on your web page: animated images, data entry forms, buttons, scroll panes,
check boxes, ezc. :

The JVM system is an interpreter. That means that it translates and runs each bytecode
instruction separately, whenever it is needed by the complete program. For some programs, this
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can be quite slow. As an alternative, Java also provides local compilers for each system that will
compile a bytecode file into an executable image for faster running. Java calls these compilers
“Just-In-Time” (JIT) compilers. They come bundled with some web browsers (e.g., Netscape).

1.2 DOWNLOADING THE JAVA DEVELOPMENT KIT

The process of designing, coding, testing, debugging, documenting, maintaining, and
upgrading computer programs is called software development. An Integrated Development
Environment (IDE) is a collection of integrated programs that facilitates software development.
If you have access to an IDE (e.g., Metrowerks’s CodeWarrior, Enprise’s JBuilder, Microsoft’s
Visual J++, Symantec’s Visual Cafe, or IBM’s Visual Age) skip to Section 1.6 on page 11.

The Java Development Kit (JDK) is a collection of programs to help developers compile,
run, and debug Java programs. It is not as good as an IDE, but it is quite adequate for developing
Java programs. Sun Microsystems provides it free of charge. This section describes how to
download it from Sun’s javasoft website.

To download the JDK to your computer, open your web browser (e.g., Netscape Navigator)
and enter the following URL in your browser’s Location or Address field:

http://www.javasoft.com

This brings up the Java home page which should look something like this:

& lw.l’u)v o wlI..u.‘I s Nel

j
r'd
= THE SOURCE FOR JAVA" TECHNOLOGY
JAVA java.sun.com Greedback g Map ¢ Search
| What's New?
¢ Documentation usps D_QES
4 Products & APy ‘
€ Appless Hor FormS,
§ For Developers WITH
¢ Java in the Real World JAVA TECHNOLOGY
§ Business & Licensing
& Support & Services F'he United States Postal Service uses Java®™ technology and
¢ Marketing onhne forms to aeate dramatic time savings for its bull. mail
& Employment Custoines s v 4 1942
{ lava Slore”
news and features
R 7 T T —————

Click on the link labeled Products & APls (the third item on the left side of the page shown
here). This brings up the PRODUCTS & APIs page. Use the pull-down menu labelled Product
Quick Pick to select the most recent version of the Java Development Kit. In the window shown
below, that was Java Development Kit 1.2 Platform - JDK.
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€ Java in the Real World
4 Business & Liconsing
1 Swpport & Services

€ Marketing

{ Employment

4 lava Store”

GETTING STARTED |

THE SOURCE FOR JAVA" TECHNOLOGY
java.sun.com Creetact g Map ¢ Searrh

PRODUCTS & APIs

WEB ACCESS INTO A CONSUMER DEVICE?

WHAT'S THE EASIEST WAY T0 PULL Qf o
Java

Product Quick Pick:

R AR TN | o |

whose emad address is hsted at the bottom of the corresponding home page
m the JDK documentation. For example, to send comments to the Swmng
team, go to the followang location and use the email address at the bottom of

the page
http/fava sun com/productsfdks] 2/docs/gnde/swing/mdex html

an emad address, send a message to
jdk-comments @ava sun com

Downicad JDK 12 Beta 3 Software

To find out more about this software, read
README CHANGES COPYRIGHT LICENSE

LT Ry i e T

2. 1f the area you have a comment or suggestion about doesn't seem to have

[CHAP. 1

Then click on the Go! button and follow the directions given on the next page that comes up to
download the JDK. You may be asked to become a member of the Java Developer Connection,
requiring you to submit a User ID and Password that you select yourself.

Eventually, you should get to another pull-down menu labelled Download JDK:

Select your computer’s operating system and click on the continue button. You will then be asked

to accept Sun’s License & Export agreement.

When you finally get to the actual download button, it will probably be labelled with the
name of the executable file that will downloaded, something like jdk12-beta3-win32.exe.

Click on that button to begin the download.
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If you are running Microsoft
Windows, the system will bring up a
panel like this:

Navigate up to the Desktop (as
shown here) so that the file will appear
there when it has finished downloading.
Then press the Save button.

The JDK download is a large file.
The one shown here (beta Release 1.2)
is over 15 megabytes. So it may take
well over an hour to download, depend-
ing upon the current traffic level at your
site on the web.

1.3 INSTALLING THE JDK

After you have downloaded the JDK you can install it simply by running the g
executable program that you downloaded. To do that, double-click on the icon
that was placed on your Desktop.

This only takes about a minute to install. Confirm all the suggested alternatives during the
installation. During the installation process, the 15 megabytes gets decompressed into about 25
megabytes. The normal installation (in Microsoft Windows) would be into a new folder on your
C: drive. When finished, it should look like this:

Kk12-betad-.

= B My Computer
+ o 4 Floppy A
= &@ Man [C)

The Readme file is a text file that gives current information about the JDK and summarizes the
contents of your jak directory. The index file is a hypertext (web browser) file that outlines
the JDK and provides browser-type access to its documentation, examples, and the JavaSoft web
site. The bin directory contains the executable programs (binary files) that make up the JDK.
The 1ib directory contains the library files for the Java language. The include directory
contains the source code files that define the standard classes of the Java language. The demo
directory contains over 20 demonstration programs.
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The Java Development Kit

Contents

The Java Development Kt (DK ™) lets you wnte applets and applications that conform to the Java Core API

The following are links to documentation m this release and to our website about the JDK and Java

[CHAP. ]

The JDK Software Bundle

READNE

CHANGES

Demonstrahon Applets

JDR Documentaton (local)

from here

Start here This gives a geaeral mtroduction to the JDK, how to contact JavaScft and other
mportant notes of concem to developers

Changes smce previous releases
Simple examples that demonstrate Java

The JDK Documentation Bundle

If you have downloaded and mstalled the JDK documentation, you can access it locally

£

S [

Double-click on the index file. This launches your web browser, displaying a web page
entitled The Java Development Kit, as shown below.

To get an idea of what Java
programs can do, click on the

Demonstration Applets link. That
opens a folder window that shows
the contents of your

C:\jdkl.2beta3\demo\applets\
folder. Click on the folder labeled
Wire Frame and then click on the file
named examplei. This launches a
separate web page entitled “3D
Model: Cube,” which displays a wire
frame cube. Use your mouse to drag
a corner of the cube around within its
picture frame and watch it rotate.

T R

oy

1.4 CREATING AND RUNNING A PROGRAM IN MICROSOFT WINDOWS

To create a Java program, you need to use an editor. You can use a word processor, such as
Microsoft Word, but you have to be careful that the files you create are pure text files and that
their file type is “.java”. This section shows how to create a Java program using the simple

Windows editor Notepad.
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Start up the Notepad editor by selecting Programs > Accessories > Notepad from the Windows Start
key. Then type the following four lines of Java code exactly as it is shown here:
public class HelloWorld
{ public static void main(String([] args)
{ System.out.println("Hello, World!");
}
) .
Type capital letters as capital letters and lowercase letters as lowercase letters. (Java is
case-sensitive.) Type the parentheses, brackets, and braces exactly as shown here, and don’t miss

the semicolon at the end of the third line. Your Notepad window should look like this:

(S <3 M 3 i e
TS ’e.“.%ﬂ‘* Al

publi
{ public static void main(String args(])
( System.out.printin("Hellc, World'");

Save your file with the name
HelloWorld.java as shown here.

Select Al Files in the Save as type: field
so that you can save the file with the
correct file type. Notebook’s default file
type is .txt. But Java programs must
have the file type .java.

Open a DOS command window by

selecting Programs > Command Prompt from :’::' [Feloword eva - T
the Windows Start key. Use the DOS cda Paye ;— ‘ T 5 — |
command to navigate to the folder that B v s L

contains your Java program and then use
the dir command to check that it is there and that it has the correct name.

it C!nmndnd Prompt

) Windo \;. wﬁ‘l—'Tﬁ“
ht 1985-1996 Microsoft Corp.

r drive A has no lal
serial Nuanmber 1 515

117 HelloWorld. java
117 hytes
1,457,152 hytes free

(In this demonstration, we are storing our Java programs on a floppy disk on the A:\ drive.)
Execute the following DOS command to view the contents of your file:
type HelloWorld. java
It should appear exactly as you typed it in the Notepad editor.
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Now compile your program in the DOS window by executing the command
javac HelloWorld. java

If all goes well, the system should respond with another DOS prompt within a few seconds,
thereby indicating that your program compiled successfully. If it did, then check your directory
again to see that the compiler has produced a new file named HellowWorld.class.

- Command Prompt R e s S
1/98 B3:28p ? HelloVorld. java
(s) 1?7 bhytes

hytes free

A:\>javac Hellolorld.ja

NS dirp
lo lune ! Iy ive A ha no lv'!n"l.

lume Ser Nunher is 88000008

rectory of i

Hw3:28p 117 Hellollorld. java
83:34p 473 Helloliorld.class
¢ 598 hyte:
1,456,648 bytes free

This is the bytecode file that the JVM system uses to run your program. (Notice that it is more
than four times the size of your source code file.)

Finally, execute the following command to run your program:

java HelloWorld
The system should respond by displaying the “Hello, World!” message:

- Command Prompt
Javac Hel I‘v‘a»‘ut‘l‘(.v,l-;'.‘u
>l i
Uo Lume in drive A h

yviume Serial Nunber

117 HelloWorld. java
473 Hellolorld.«
2 File<s? 598 bytes
1,456,640 bhytes free

fA:\>java HelloWorld
Hello, Horld?

AN\
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1.5 TROUBLESHOOTING

If you were able to get your program to run, skip to Section 1.6.

If your Helloworld.java file did not show up in your folder when you executed the dir
command, re-save it from the Notepad window.

If your HelloWorld.java file did show up in your folder but with the wrong name,
re-save it from the Notepad window.

If your HelloWorld.java file did show up in your folder with the right name but its
contents did not come out right when you executed the type HelloWorld.java command, go back
to your Notepad window, correct the errors, and then re-save the file.

Ifthe javac HelloWorld.java compile command did not work, try it again. Be sure you
type “javac” (for “java compiler”).

If the system does not know what the javac command is, then either the JDK is not
installed correctly or the system does not know where it is installed. Use your Windows Explorer
browser to find the folder where the JDK is installed. It should have a name like jak1.2 and be
located on your c:\ disk. Find the correct name for this folder, and then try executing the
compile command with its path as a prefix, like this:

c:\jdkl.2\javac HelloWorld. java
If that works, then all you have to do is change the system PATH variable. If that does not work,
then the JDK is probably not installed correctly. In that case, run the installation program again.
If that doesn’t work, start over again with a new download.

To determine whether the problem is with your system PATH variable, execute the following
DOS command:

path
The system should respond like this:

S UA0n vaas

117 HelloVWorld. java
173 HelloVor

%98 byte

640 hyte

v Hellollorld

Yorld?

path
SNUINNTNsysten32;C:NUINNI ;C:NProgran Files\Kaua 38;5;C:\jdk1 .1 .5\hin;C
B2 CINUINNT S CiNProgran Files\Kaua 310;C:Njdk1 .1 .6 \bin

The code that begins PATH-C:\WIN... is a listing of all the paths that the operating system
checks to find the commands that you want to execute. The paths are separated by semicolons.
One of them should include the name “jak”. If one does, then that is where the system is looking
for the instructions on how to execute the javac command. If none of the paths includes the
name “jdx”, then you’ll have to amend your system PATH variable,
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To amend your system PATH variable so that it includes the path to the JDK, execute the
following DOS command:
set path=c:\jdkl.2\bin;%path%
and then execute the plain
path
command again to see if the PATH variable was amended correctly:

-~ Command Prompt

B byt freec

:CanProgram File

L¢ \NKavaifa;L:

hinjZpat h

pat
MTH=c s idk1 . 25bins CixWINNT s ystem32 ; C2\UINNI iC:NProgram FileshNKawa3@30:y\
BinsC:N\UINNINsysten32;C: MINNT ; C:nProgran Files \KavalB;C:N\jdk1.1.6 Jbin

If it was, then you should now be able to execute the javac command successfully without
using the prefix.

The instructions in the previous paragraph assume that the JDK is successfully installed in
the folder named jdk1.2. If your JDK folder has a different name, then use that instead.

If it was necessary to amend your PATH variable, then you should add the same set path
command to your c:\autoexec.bat file so that that system variable will be set correctly each
time to restart your computer.

If the compiler displays error messages when you execute the javac command, then you
have to go back into the editor and fix the errors. For example, if you omitted the semicolon at
the end of the third line, then the compiler would respond like this:

- Command Prompt
Javad Hello

ellolorld. java expes ted.

Svustem.out pint InC"Hello, World?®''™

The Java compiler is pretty good about locating and describing syntax errors like this.
If you see an error message like this

~ Command Piompt
Az\Djavad Hellolorld. java
HelloWorld.javazl: Public clas HelloWorl must be defined in a file callec

olorl. .i“'-"'”

puhlic c¢lass Hellolorl

1 error

M oe s N
Hs\?




