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Introduction

When I got my first Atari system, I fell in love with computers. I wanted to
know how they worked. Even more, | wanted to be able to make them work.
I wanted to tell the computer what to do and have it obey my every
command. Now, I'm all grown up and that’s what I do for a living. Com-
puter programming gives you the power to write programs that control your
computer. Have you ever wanted a piece of software that doesnt exist? When
you know a programming language, you can write your own software—and
maybe even sell it to others! Right now, Java is very hot. Chances are that if
you go on an interview for a programming job, they’re going to ask you
if you know Java.

The title of this book is Learn Java In a Weekend. You might be thinking to
yourself, “Yeah right! I'm not going to be able to learn Java in a single
weekend.” While it is true that to become really good at Java programming,
you're going to need a lot more than just a single weekend’s time to get there,
you can, in fact, learn the basics pretty quickly. This is especially true if you
already have some programming experience. If youre new to programming
in general and this is your first programming book, take as long as you need.
Read everything, especially the code samples, very carefully. Try coding all of

the samples to really get a feel for the Java programming language.

If you already know a programming language or two and you're in a hurry
to learn Java for a job interview or something, try a different approach. Try
reading through the book and instead of coding each and every sample for
yourself, just make sure that you fully understand the code as you're reading
it. Then, when youre not in such a rush, try coding the samples. Or try tack-
ling the calculator project, which spans the bulk of this text. Just keep in
mind that the best way to learn something new is by doing it. Have fun!

XVii
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Introduction

Who Should Read This Book

This book is for anyone who needs or wants to start programming using the
Java 2 programming language. Although this book doesn’t assume that you
have any prior programming experience, you should have a basic under-
standing of computer science terminology. You should also be familiar with
your computer and its operating system.

This book is intended for beginners to intermediate-level programmers. The
first couple of sessions are written at a fairly elementary level to get begin-
ners up to speed with intermediates, and the sessions become increasingly
advanced toward the end of the book. If you have prior programming expe-
rience with C or C++, you should be able to fly through the earlier sessions
because there are a lot of syntactical similarities between those programming
languages and Java. If you have no prior programming experience, you will
need to read earlier sessions a bit more carefully, but everything is explained
for you, so you won't get stuck.

What You Need to Begin

The great thing about Java is that everything you need to start programming,
except for your computer, is free! To compile and run Java programs, you will
need the Java Software Development Kit (SDK). For you to be able to down-
load the SDK and the book’s sample programs from Premier’s Web site, you
will need to have Internet access. You can visit the Web site at http://www.
premierpressbooks.com/downloads.asp.

For installing the SDK, your computer should have a 166 MHz or faster
processor and at least 32MB of RAM. Your operating system can be any of
the following: Microsoft Windows 95/98/2000/ME/XP/NT 4.0, Linux
(Red Hat Linux 6.2 is officially supported), or Solaris 2.6/7/8. The installed
SDK size varies a bit among operating systems, but, generally, you should
have about 75MB of available disk space.

For running Java applets, you should have a Java-compatible Internet
browser, such as Microsoft Internet Explorer or Netscape. Such browsers are
freely available to you. However, you can run the applets without a browser
if you need to.
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For writing Java code, you need to have a text editor, such as Notepad or
TextPad. If you have a Java IDE (integrated development environment) like
Forte, that’s even better, but any text editor will do.

How This Book Is Organized

This book is written so that you can complete it in seven sessions over the
course of a single weekend. Of course, you can read it anytime you want.
The first session focuses on getting you going. The next two sessions go over
all the rules and syntax of Java. Saturday Evening and Sunday Morning cover
the Abstract Windowing Toolkit for GUI programming and graphics pro-
gramming. The rest of Sunday focuses on applets, threads, and more
advanced Java programming. Starting on Saturday Morning and continuing
through to the end of the book, you'll be developing a calculator application.
The calculator application starts out simple and small, and as you learn new
things, you'll be adding to the calculator application. Eventually, you'll have
a fully functional calculator application equipped with some cool features.
The basic outline of the book is shown here:

»  Friday Evening: “Introducing Java” provides an introduction to Java.
It explains what Java is and provides a brief history of Java. After that,
this session provides instructions for installing the SDK, which you’ll
need to have for the rest of the book. This session ends by showing
you how to write your first Java program and your first Java applet.

»  Saturday Morning: “Learning the Basics of Java Programming” pro-
vides you with a Java programming foundation that you will build
upon in the later sessions of the book. It covers data types, variables,
arrays, and methods. It also covers object-oriented programming
(OOP), which is an extremely important concept in Java. Toward the
end, this session shows you how to begin the calculator application.

»  Saturday Afternoon: “Getting Beyond the Basics” covers conditional
operators, conditional statements, loops, command-line arguments,
and the java.util package. Just about every nontrivial Java applica-
tion implements all these things. This session also covers the Math
class, which Java programs use to perform all kinds of mathematical
functions. This session concludes by showing you how to build upon
the calculator application using the knowledge you gain in this session.
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Saturday Evening: “Graphical User Interface Programming” starts
the real excitement! You'll learn how to program graphical user inter-
faces, or GUISs, using the abstract windowing toolkit (AWT). The
session begins with an introduction to GUI programming and moves
on to show you the AWT components, such as Buttons, TextFields,
and Labels. You'll also learn how to handle events, such as when
someone clicks a button. Next, the session covers layout managers,
which help you lay out the AWT components inside a Frame. Finally,
at the end of this session, you will start to program the calculator’s
appearance.

Sunday Morning: “More GUI, Graphics, and Exception Handling”
continues to show you how to program GUIs. This session begins by
showing you how to do graphics programming. This session moves
beyond the AWT to cover lightweight GUI components. You'll
program your own graphics for a lightweight component to create
digits that have a liquid crystal appearance for the calculator, like that
of a real calculator. Continuing with lightweight components, this
session explains the Swing package, which defines a set of lightweight
GIU components. Once you learn about Swing, you'll convert the
calculator application to Swing. This session gets to more advanced
topics—inner classes and exception handling. Finally, you'll update
the calculator application by creating a digital display panel using the
skills you gain in this session.

Sunday Afternoon: “Interfaces, Applets, and Threads” increases your
Java programming skills by covering interfaces, applets, and threads.
You'll use interfaces and your knowledge of event handling to develop
an event model for the calculator application. This session shows you
how to program applets and shows you how to modify the calculator
application, so that you can also run it as an applet. Threads are also
covered in this session. Threads allow you to do two or more things at
the same time in a Java program.

Sunday Evening: “Packages, File I/O, JARs, and Javadocs” covers
advanced Java programming and Java utilities. You'll start off this
session by learning about packages. You'll learn about the benefits
associated with packaging Java classes, and then this session will show
you how to package the calculator application classes. Next, you'll
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learn how to perform file input and output using the java.io
package. You'll add some features to the calculator application that
allow it to access the filesystem to read and write files. The last two
topics that this session goes over are the jar tool and the javadoc
tool. The jar tool lets you zip up multiple program files into a single
compressed file, and the javadoc tool generates HTML documenta-
tion for your code. You'll complete the calculator application by
applying both of these tools.

I have also provided two appendixes on the companion Web site. To down-
load them, just direct your browser to http://www.premierpressbooks.com/
downloads.asp. You'll need Appendix B to complete the calculator applica-
tion in Friday Night's session, so be sure you get at least that one. Here are
descriptions of the two appendixes:

» Appendix A: “Java Language Summary” provides the Java language
summary that you can use as a quick reference while writing your own
Java programs.

»  Appendix B: “Full Source Code Listings” provides the full source
code for all the classes of the calculator application. The code includes
the javadoc comments, which are excluded in the source code listings
in the book’s seven sessions.

Special Features

NOTE

TIP

CAUTION

Notes provide additional helpful or interesting information.

Tips often suggest techniques and shortcuts to make your life easier.

9000000000000 0000006000006000000000000000
Cautions warn you of situations where errors or unforeseen problems may arise.
0000000000000 0000000000000000000000000
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following the implied schedule for this book. Perhaps you've picked

this weekend to learn Java because you have a job interview on
Monday or your weekly schedule is hectic and the idea of learning Java in
a single weekend appeals to you. While it’s entirely possible to get
through this book in a weekend, especially if you have some prior pro-
gramming experience, feel free to work at your own pace. After all, you're
trying to learn Java, so it really isn’t to your advantage to rush through a
particular section of the book just to stay on schedule. If you're struggling
with a section of this book, take the time you need to understand the con-
cepts. Each section builds upon previous sections, so make sure that you
understand each concept before moving on to the next.

I ts Friday evening, the beginning of your weekend—that is, if you're

Tonight, I'll keep it light so that you can get oriented. In fact, you may
find tonight’s session a tad elementary. Feel free to skim through it. Just
make sure you get the Java SDK installed and the first program working
tonight. If youre a novice, you may find reading the entire session
helpful. In this session, you learn exactly what the Java programming lan-
guage is and get a brief history. Next, you set up the Java SDK (Software
Development Kit) so that you can write and run your Java programs.
Then you get your hands dirty with your first Java program, Helloworld.
You also write a quick Java applet and run it using your Web browser. All
this sound like fun, right? I hope it’s as much fun for you as it is for me.
Here we go.
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What Is Java?

With all of the hype surrounding Java and the fact that you're reading this
book, you might already have a good idea what Java is. Just to be sure
were on the same page, I'll give you my definition of the language. Java
(by Sun Microsystems, Inc.) is an object-oriented programming (OOP)
language that can run in any environment that has a Java interpreter
installed. With Java, you can accomplish many things, such as building
standalone applications or applets that run within a Web browser.

Java Is a Programming Language
Like C, C++, COBOL, FORTRAN, and BASIC, Java is a programming

language. Computers are merely machines; they don't think for them-
selves. Someone, at some point, has to give the computer a detailed set of
instructions to follow for the computer to be of use. At the operating
system level, the computer basically knows how to read, write, process,
and store information using the computer’s hardware. To do more com-
plicated tasks, such as sending and receiving e-mail, writing formatted
documents, or even balancing your checking account, you need a
program. Programming languages allow you to tell the operating system
what you want it to do. Java is one language that a programmer can use
to communicate to the computer just how to accomplish these tasks.

Java is a high-level programming language. High-level programming lan-
guages resemble human languages. When you look at Java code, you will
actually see English words—even if you don’t know Java, you can make
guesses as to whats going on based on the words you recognize. Com-
puters “speak” machine language, which is a very different type of lan-
guage than we humans use. Programming languages that more closely
resemble machine language, such as assembly languages, are cryptic (not
very readable by humans) and are called low-level programming lan-
guages. Unlike Java and other high-level programming languages,
without studying assembly language, there’s no way you can understand
what the program is supposed to be doing,.
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Java is a compiled programming language. You write a somewhat English-
like text file, called a source code file, but the computer doesn’t understand
how to interpret it in that format. Being able to read and write program
code that makes sense to humans benefits the programmer, but the com-
puter needs for it to be translated in such a way that it can make sense of
the language, too. That’s where compiling comes in. When you compile
your source code, a new file called a byre code file is created. The computer
knows how to interpret it and follow the instructions it contains, but if
you were to open it and try to read it, you wouldnt be able to make any
sense of it.

Some Java History

NOTE

Sun Microsystems started developing Java in 1991 as part of what they
called the Green Project. The goal for the project was basically to enable
electronic appliances to communicate with each other. The team experi-
mented with C++, but determined that it was inadequate for their spe-
cific purposes, which is why they decided to develop a new
language—TJava. Java was originally named “Oak,” after a tree outside a
team member’s office window. The name was later changed to Java
because of copyright issues associated with the name “Oak.” The team
came up with the name Java while visiting a local coffee shop!
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Some people ask, “What does JAVA stand for?” The computer science world is chock full
of acronyms. Java is not actually an acronym for anything, although some programmers
joke that it stands for Just AnotherVague Acronym!

Java really got its boost from the big Internet boom. In order for the Web
to be successful for a wide audience, it had to be reliable, secure, and able
to run on any platform. These nonfunctional requirements were directly
in line with Java’s design. Sun developed a Web browser called HotJava,
which showcased Java’s potential usefulness to Internet developers.
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On May 23, 1995, Sun Microsystems officially introduced the Java lan-
guage, and Netscape announced support for Java in its Netscape Naviga-
tor Web browser. Prior to the Web’s adoption of Java, the Internet was full
of static Web pages that essentially could only display information. With
Java, Web designers could do more than merely display information; they
could build applications to process data, adding a whole new dimension
to Web technology. Java continues to evolve and become an evermore
powerful Web-centric application development language.

What Is Platform Independence?

One of Java’s biggest selling points is its platform independence. Platform
independence refers to a program’s capability to run on any platform. You
may have heard the phrase “Write once, run anywhere” in reference to
Java’s features. This means that Java programmers need to write and
maintain only one set of source code. Java programs can be written and
compiled on any system that supports Java and can be run without any
modification on any other system that supports Java. Why is this such a
great thing? Other languages rely heavily on the underlying system’s
native APIs (Application Programming Interface). APIs act as an interface
between the operating system and a program. When programmers write
a program in C++, for example, they need to know a great deal about the
operating environment to be able to utilize the native APIs in their
program. The downside to this is that it becomes very difficult to port an
application from one system to another. APIs are different for each oper-
ating system. In order to be ported from one operating system to another,
a program needs to be rewritten to make use of the new APIs. It takes
time, and therefore money, to accomplish such a task. With Java, this is
not a problem at all.

When program code written in most other languages is compiled, it is
translated into a file that the computer can directly execute. Because each
platform has its own machine language, one platform cannot interpret a
different system’s executable files. It must be compiled separately for each
platform. As an analogy, consider different spoken languages. Say that a
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Chinese man invited an Italian and an Irishman to his home and pro-
vided directions, written in Chinese, from the airport to his house.
Without using a translator to translate the directions into Italian and
English, the Chinese man probably would be without his guests.

How does Java’s platform independence work to overcome this “lan-
guage” difficulty? Well, each platform has its own Java interpreter, or
JVM (Java Virtual Machine), installed on it. Java programs are compiled
to Java byte code. A computer cannot directly interpret Java byte code;
instead, byte code is interpreted by the JVM. Each platform-specific JVM
knows how to communicate instructions to the platform on which it is
installed. Any JVM can interpret any Java byte code file and communi-
cate platform specific instructions to the underlying operating system.
While this JVM system does well to overcome platform differences, there
is one side effect to this approach: Because the operating system uses a
JVM middleman instead of directly interpreting the code, it takes a bit
longer to execute.

Object-Oriented Programming Overview

As I mentioned earlier, Java is an object-oriented programming language.
To better understand what this means, you need to first understand what a
procedural programming language is and then compare the two. Some exam-
ples of procedural programming languages are C, FORTRAN, and
COBOL. With these types of languages, programs are constructed by
listing steps in the order in which the computer is to execute them. Each
program is a procedure, hence the term procedural programming language.

As an example of the drawbacks of this type of language, consider writing
a data entry program used to enter products into a nationwide retail chain
database. If such a program were built with a procedural programming
language, the concept of a product would be vague—ijust a collection of
data fields, such as product name, item number, price, and so on. It would
all be defined within the program and would not be an independent iden-
tity. Youre probably thinking, “So what? It gets the job done, right?”
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Yes, it does; but every other program that processes product data, such as
a cash register, an inventory program, and promotion scheduling pro-
grams, would have to rewrite the same programmatic definition of a
product within their code. A seemingly simple task such as changing the
item number from six to seven digits could potentially cause a lot of
work, as each of these separate programs would need to be updated to
reflect the change.

Object-oriented programming languages, such as Java, and to some
extent C++, have the added capability of grouping sets of related charac-
teristics and functions together to describe classes. Continuing with the
same example, with an OOP approach, the concept of a product is
defined in a class. Product fields, such as first product name, item
number, price, and so on, are grouped together along with operations
that can be performed on products, such as validating item number
input. Specific products are instances of the product class, or, in other
words, product objects.

In this case, if you need to change the item number length from six to
seven digits, the task will be a significantly easier one if you are using
OOP. You would only need to update the product class file. Programs that
use the product class only need to process the concept of a product, and
don’t care about the details of the product class’s programmatic imple-
mentation. Programs that need to make sure item numbers are valid, just
call upon the validate function defined in the product class. When the
item number format is changed, the validate function is updated, but the
programs use it exactly the same and don't need to be updated at all if the
programmer uses good OOP design to build applications.

Object-oriented programming is a very important concept. Java is strictly
object-oriented. Every Java program must be defined as a class. Since this
is such a huge topic, don’t worry if you don’t quite get it yet. This section
is just meant to be an overview so that you get your wheels turning in the
right direction. Tomorrow morning, you'll read a lot more about OOP.
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Installing and Setting Up the Java SDK

Windows

Before you can write and run Java programs, you need to install the Java
SDK on your computer. The SDK consists of the Java compiler, the
JVM, and many other useful tools. Getting set up correctly is very impor-
tant. I'll be as thorough as possible in this section. Programmers new to
Java tend to find it difficult just to get set up because it involves not only
installing the software, but also manually setting up the environment. If
you follow the instructions for your system, you should be all set.

Installation and Setup

If you are running Windows 95/98/Me or XP/NT/2000, follow the steps
in this section to set up the SDK. When you finish these steps, you will
be ready to compile and run Java.

1. Run the installer program. The file j2sdk-1_3_1_01-win.exe is
the installer program. Go to http://www.premierpressbooks.com/
downloads.asp to find the program.

Double-click on the j2sdk-1_3_1_01-win.exe icon to start the
installation process. To avoid confusion, just accept the default
installation directory: c:\3jak1.3.1_01. (Just keep clicking on OK.)

2. Update the paTH variable. The paTH variable specifies where your
computer can find executable files. Your computer looks at this
variable when trying to run executable files that are in directories
other than the current directory. First, it checks the current direc-
tory; if the executable file is not there, your computer checks the
PATH. If the location of the executable files is not specified in the
PATH, your computer won't know what to do. Here, you're updat-
ing the PATH so that you can run the compiler and Java programs
from any directory you choose. You can do this in a few different
ways, depending on your preferences and your version of Windows,
as shown in the following list:
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»  For any version of Windows: You can create a batch file (.pat)
that updates your path. Open a text editor, such as Notepad, and
type the following text:

SET JAVA_HOME=C:\jdk1.3.1_01

SET PATH=%PATH%; %$JAVA_HOME%\bin

Then save it as env.bat. (Actually, you can save it using any file-
name, as long as it ends with the .bat extension. Just remember
where you save it.) Anytime you want to compile or run Java pro-
grams, you need to run this batch file. First, open a command
prompt.

» For Windows 95/98/Me: Click on the Start button, select
Run from the menu, then type command and press Enter. An

MS-DOS Prompt window should appear.
»  For Windows XP/NT/2000: Instead of typing command, type

emd and press Enter.

Next, you need to go to the directory in which you saved your
env.bat file. Use the co DOS command to change directories.
If you're unfamiliar with DOS, just type cp, type the name of

the directory (folder) you want to get into (where foldername
appears in the following example), and press Enter.

CD foldername

To back out of a folder, type cp. Then press Enter. If you're still
confused, try typing cD /?

When you issue the cp/? command, some versions of DOS will
print a help message for using the cb command. Another place
to look for tips on using DOS is on the Internet. Further details
about using DOS are beyond the scope of this book.

Once you are in the proper directory, just type the name of the
.bat file (you can omit the .bat file extension). If you named
your file env.bat, just type env.
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Now you are all set to compile and run your Java programs. It is impor-
tant to understand that this does not change your paT variable perma-
nently. You need to run this batch file separately for each command
prompt session you open. It changes the variable only for the session in
which it is run and doesn’t affect any other session.

If you want to change your PATH permanently so that you don’t have to
constantly run this file, follow these instructions for your specific operat-
ing system:

»  For Windows 95/98/Me: To permanently update your pATH vari-
able, you need to edit your autoexec.bat file. Your computer
automatically executes this file each time it is turned on. Part of
the autoexec.bat file’s responsibility is setting up environment
variables such as paTH. This file is extremely important. Make a
backup of the file before you edit it. Create a copy and name it
autoexec.bak or any other name you'll remember. Using Notepad,
open the original autoexec.bat file. It can be found in your root
directory at c:\autoexec.bat. (Don’t double-click on the
autoexec.bat file to open it. That will just cause your computer
to run it and not open it for editing.) Now, find the line within
that file that sets your paTH variable. For example, that patH line

typically looks like the following:

SET PATH=C:\WINDOWS;C: \WINDOWS\COMMAND

If there isn’t a line that begins with seT paTH like this in your
autoexec.bat file, you need to create a new one. Just know that
it must appear on a line of its own. To set up a variable that keeps

track of the location of the Java installation, type the following
code on any line before the one where your patH is set:

SET JAVA_HOME=C:\jdk1.3.1_01

Now add it to your parH like this:

SET PATH=C:\WINDOWS;C: \WINDOWS\COMMAND; $JAVA_HOME%\bin
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NOTE

»  For Windows N'T/2000/XP: Open your control panel by clicking

on the Start menu and selecting Settings, Control Panel. Double-
click on the System icon. Next, click on the Environment tab.
Instructions for XP are a little different. From the Start Menu,
open the Control Panel and double-click on the System icon to
open System Properties. In System Properties, select the Advanced
tab and click on the Environment Variables button. Under System
Variables, click on Path and then click on the Edit button. Update
the paTH variable by appending the path to the Java executable files
to it. For example, if your paTH looks like

C:\WINNT;C: \WINNT\SYSTEM32

update it to

C:\WINNT;C: \WINNT\SYSTEM32;C:\jdkl.3.1_01\bin

To be able to do this, you must have administrator privileges for
your system. If you do not have administrator privileges, you
must create a new user environment variable named path. If one
is already there, just append the Java bin directory as just shown.
If not, create a new one and set its value to the following:

%PATH%;C:\jdk1.3.1_01\bin
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No matter what operating system you're using, you should reboot your system after you
install the Java SDK.

Solaris Installation

Follow these instructions for installing the SDK on Solaris SPARC or
Solaris x86 (Intel) platforms:

. Copy the self-extracting binary to the directory where you want to

install the SDK. You can find it at http://www.premierpressbooks.com/
downloads.asp. Use the j2sdk-1_3_1-solsparc.sh file for SPARC
or j2sdk-1_3_1-solx86.sh for the Intel platform.
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Make sure that the execute permissions are set by using the following
commands:

* For SPARC:

chmod +x j2sdk-1_3_1l-solsparc.sh
¢ For Intel:
chmod +x j2sdk-1_3_1-so0lx86.sh

2. Run the SDK self-extracting binary. This will create a subdirectory
called §2sakx1_3_1.

Linux Installation

There are two different Linux installation options. You can install the
SDK using the self-extracting binary file or the RPM file.

Follow these instructions if you are using the self-extracting binary file:

1. Copy the self-extracting binary file to the directory in which you
want to install the SDK. The file can be found at http://www.
premierpressbooks.com/downloads.asp. The file is named
j2sdk-1_3_1-1linux-i386.bin.

2. In the directory containing the copy of the self-extracting binary,
use the following commands to run the installer:

chmod a+x j2sdk-1_3_1-1linux-i386.bin

./j2sdk-1_3_1-1inux-i386.bin

Follow these instructions if you are using the RPM file to install the SDK
in package form:

1. Copy the installer program to the directory where you want to
install the SDK. You can find this file in the /SDK/ directory. The

filename is j2sdk-1_3_1-linux-i386-rpm.bin.

2. In the directory containing the copy of the installer file, use the fol-
lowing commands to run the installer:
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chmod a+x j2sdk-1_3_1-1linux-i386-rpm.bin

./j2sdk-1_3_1-1inux-i386-rpm.bin

3. This will create a file named jdk-1.3.1.41386.rpm in the current
directory.

4. Become the root user by using the su command.

5. Use the rpm command to install the packages into the newly
created /usr/java/jdk1.3.1 directory.

6. Add the /usr/java/jdkl.3.1/bin directory to your PATH envi-
ronment variable by using this command:

export PATH=/usr/java/jdkl.3.l1/bin:$PATH

Troubleshooting

Let’s make sure that you're set up properly, okay? First things first: As a
quick check, type the following command at your command prompt:

java -version

Your computer should spit out the Java version information. If, instead,
you get a message (for example, bad command or filename) indicating
that the computer didn’t understand you, youre having trouble. Your
PATH may not be set up correctly. If youre sure that you set up your paTH
correctly, there could be another problem. Some versions of Windows
require you to use an 8.3 format when specifying files and directories in
autoexec.bat. This format is basically a convention in which filenames are
no more than eight characters long and have extensions that are no more
than three characters long. Using 8.3 format, the directory name is
jdk1.3.1_01 is jdk13~1.1_0. Pretty weird, huh? Try using that directory
name in your PATH instead. You can set the PATH manually at your
command prompt. For example, at the Windows MS-DOS prompt, you
can type

set PATH=C:\WINDOWS;C: \WINDOWS\COMMAND;C:\jdk1l3~1_1\bin
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Now try checking your Java version again. You should now see the version
information. You also might want to try typing the following command:

javac

If your path is set up correctly, you should get information about how to
use this command. Figure 1.1 shows this example. If your screen corre-
sponds to Figure 1.1, you're definitely all set. If you want to set your PATH
permanently, make sure that you update your autoexec.bat file and reboot
your system.

Take a Break

Figure 1.1

This figure shows
how the MS-DOS
prompt reacts to
a successful
PATH test.

Now that you're all set up and ready to program with Java, you deserve a
break! Before tackling your first Java program, why not grab a drink and
a snack? Sit back and relax for a few minutes and clear your mind so that
you'll be fresh and ready to learn something new. After your short break,
youre going to write a complete Java program, learn how to compile it,
and run it using the SDK you just installed. It’s not all that complicated,
but it’s important that you're refreshed. You will use what you learn in the
next section throughout the rest of this book.

C:\rset PATH=ZPATHZ;C:Vjdk1.3.1_01\bin

C:Z>javac
Usage: javac <options> <source files>
where possible options include:
-9 Generate all debugging info
ne Generate no debugging info
{lines,vars,source} Generate only some debugging info
Optimize; may hinder debugging or enlarge class file

—nowarn Generate no warnings

-verbose Dutput messages about what the compiler is doing
d—deprecatinn Dutput source locations where deprecated APIs are us
e

-classpath <path> Specify where to find user class files

-sourcepath <path> Specify where to find input source files

-bootclasspath <path> Override location of bootstrap class files

-extdirs <dirs> Override location of installed extensions

-d <directory’ Specify where to place generated class files

-encoding <encoding? Specify character encoding used by source files

-target <release> Generate class files for specific UM version

D
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Writing Your First Java Program

Now you're going to do some hands-on Java programming! What do you
need to get going? You need a text editor for writing your Java source
code. Any simple text editor, such as Notepad, will do, but if you have a
more Java-friendly text editor such as TextPad or an IDE (Integrated
Development Environment) such as Forte, feel free to use it. This book
does not cover how to use compiler tools other than the one included
with the Java SDK, so if you choose to use another compiler, you'll have
to consult the corresponding user manuals or help documentation. For
the examples in this book, I assume that you're using a plain old text
editor and the SDK compiler so that youre not tied to any specific IDE.
As long as you were able to get the SDK set up and you have a text editor,
you're ready to go.

Hello, World!

If you've ever taken a programming course or have ever read a program-
ming book, youre probably familiar with the “Hello World” example
program. Although not a groundbreaking application, it does serve an
important purpose—to acclimate you to a new programming language.
In writing this program, you are introduced to the way a source code file
is created, how to compile it, and also how to run it. You will follow the
steps outlined in this section for every program you write throughout the
rest of this book.

Writing the Source Code

The best way to learn something is by actually doing it. I'll walk you
through writing, compiling, and running HelloWorld. java from start to
finish. First, you need to open whatever program you're using as a text
editor. Next, type the source code listed here into your text editor. Don’t
worry; I'll explain it all in detail later on.

/*

* HelloWorld
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* This is a very simple Java program that prints a message

*/
public class HelloWorld {

public static void main(String args[]) {
//print a message to standard output

System.out.println(“Hello, World!”);

Make sure that you type the source code exactly as you see it here. Now,
save it as HelloWorld.java. The filename is very important. If you don’t
name the file correctly, you won't be able to compile or run it. After you're
certain that your source code file matches the preceding listing, move on
to the next section to compile your program.

Compiling HelloWorld.java

Now that you've written the source code for Helloworld, you're ready to
compile it. The command used to compile Java programs is javac. Like
all other Java utility programs, javac.exe is a program that lives in the
bin directory that you added to your PATH environment variable. The
syntax for our use of the javac command is as follows:

javac JavaSourceCode.java

At the command prompt, type the name of the actual compiler program,
javac, to run the compiler. Then add a space, followed by the name of
your source code. In this case, you need to replace Javasourcecode. java
with HellowWorld. java. Now you can go ahead and compile Helloworid.
First, you need to open your command prompt window. For example, in
Windows 95, 98, or Me, click on the Start menu, select Run, type
command into the text field, and press Enter. For Windows NI, 2000, or
XP, type cmd rather than command. At the command prompt, change to
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the directory that contains your source code (HellowWorld.java) and
type the following command to compile Helloworld.java:

javac HelloWorld.java

Did anything happen when you pressed Enter? If not, that’s a good thing,
as long as your command prompt completed compilation. As long as you
didnt get any error messages and your command prompt is awaiting
a new command, you should be all set. Just make sure that it created a
HelloWorld.class file in the same directory as HelloWorld. java. In
Windows, type dir to get a listing of the contents of your current direc-
tory. In UNIX/Solaris, type 1s to accomplish the same thing. At the very
least, you should see two files listed in your current directory. These files
are HelloWorld.java and HelloWorld.class. Congratulations! Youve
just compiled your first Java program!

If things did not turn out as expected, you're probably having a problem
with one of two things. You might be having trouble with your SDK
setup, or you might have some errors in your source code file. Check the
error message you received when you tried to compile. If you received an
error to the effect that the command is not recognized or is a bad
command, make sure that you set up your SDK properly. Remember, if
you chose not to permanently change your environment variables when
you installed the SDK as described in the earlier section “Installing and
Setting Up the Java 2 SDK,” you need to set them up for each command
prompt session you start. Refer to that section and the “Troubleshooting”
subsection to make sure that you are set up correctly.

If your command prompt accepted the javac command but spit out some
other error message, then there are errors in your source code or your source
code filename. Don't worry; you can fix this. Open Helloworld.java in
your text editor (if it’s not already open) and double-check the following
things:

»  Make sure that your filename is exactly Helloworld. java. It’s case
sensitive, so check your uppercase and lowercase lettering!



Figure 1.2

It’s important to
note the differences
between the
compilation
responses you may
experience.
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»  Make sure that class name appears exactly as HelloWorld in the
line
public class HelloWorld {

»  Make sure that all your source code matches exactly my source code
listing in the section “Writing the Source Code.” Sometimes dots (.)
look like commas (,), so be sure that you're reading carefully.

Checking and fixing these things should take care of the situation. Other
problems you could be having may be non-Java errors. For example, be
sure you are in the same directory as your source code when you’re com-
piling at the command prompt. Figure 1.2 demonstrates how three dif-
ferent compilation scenarios look from the Windows command prompt.
First, it shows how the screen should look when compilation is success-
ful. Next, it shows what happens if you compile an erroneous program.
For this I used an intentionally buggy program, HelloworldBad.java.
Finally, it shows what happens when your environment is not set up cor-
rectly. You can see where I set the path incorrectly. Hopefully, you'll see
the first scenario more often than not when you code the examples

throughout this book!

C:3\My Documents'wkndjavatchD1>javac HelloWorld.java

C:3\My Documents‘wkndjavaichD1>javac HelloWorldBad.java
HelloWorldBad.java:i0: not a statement
say "Hello, Werld!";

HelloWorldBad.java:il: *;" expected
say "Hello, World!";

2 errors
C:3\My Documents‘wkndjavaichDi>set PATH=.

C:3\My Documents'wkndjavatchD1>javac HelloWorld.java
Bad command or file name

C:3\My Documents'wkndjavatichd1>
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Running the HelloWorld.class File

Earlier tonight, I mentioned that compiling a Java program creates a new
byte code file that the JVM can interpret. Helloworld.class is the byte
code file for the Helloworld program. When you run Helloworld,
the JVM will interpret Helloworld.class and completely ignore the
HelloWorld.java source code file. In fact, you could delete it if you
wanted to, but that would make it hard for you to make any changes to
your program, wouldn’t it? If you still have the command prompt session
open that you used to compile it, then you're ready to run Helloworld.
If not, open a new command prompt session and change to the directory
that contains the Helloworld.class file. To run the program, simply
run the java command. The syntax for the java command is

java JavaMainClass

At the command prompt, type the Java application launcher program
name (java), followed by a space, and then the name of the program that
you want to run. In this case, you just want to replace JavaMainClass
with HellowWorld, so at the command prompt, enter the command

java HelloWorld

Okay, what happened? Your program output should look something like
the output shown in Figure 1.3. On the line immediately following the
java command line, you should see text that says, Hello, world!, and
underneath that, you should see another command prompt ready to
accept another command. If you received an error message, make sure
that your paTH variable is set up and that you typed the source code
exactly as it appears earlier in this book. Then recompile and try to run
your program again.

Learning Java Syntax Basics

You've already written and run your first Java program! Now, take another
look at the source code for Helloworld, and I'll explain what all that code
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When you run
HelloWorld,
the output should
appear as shown in
this figure.
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C:3\My Documents'wkndjavatchD1>java Hellolorld
Hello, World!

C:3\My Documents’wkndjavaich01>_

means and expand on it a bit. The first three lines of Helloworld. java are
simply a multi-line comment. These three lines don’t actually do anything:

/*
* HelloWorld

* This is a very simple Java program that prints a message

*/

A programmer uses comments to explain things about the source code.
You can write anything you want in your comments, and the compiler
will completely ignore them. The syntax for a multi-line comment is

/* Comments including spaces, multiple lines, or whatever,

go here. */

You start a comment using a forward slash followed by an asterisk (/*).
This combination tells the compiler to ignore everything that follows it.
You can type anything you want in there and can use as many lines as you
want in doing so. To end your comment section, use an asterisk followed
by a forward slash (*/). That tells the compiler to stop ignoring your code
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NOTE

TIP

so that whatever follows your comment is compiled. You can have as
many multi-line comments in your code as you want.
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In Helloworld.java, | preceded each new comment line with an asterisk, but that
is not required. | put the asterisks there just for the sake of readability. The asterisk
makes the comment section more visible so that it’s not confused with actual code.

The multi-line comment is not the only type of comment line in
HelloWorld.java. The following excerpt is a single-line comment:

//print a message to standard output

To create a single-line comment, simply precede the comment line with
two forward slashes (/7). The compiler will ignore the remainder of that
single line. Compilation will resume on the following line. Single-line
comments don’t have to be on lines of their own. They can also be on the
same line as Java code. For example, the following line is valid:

System.out.println(“Hello, World!”); //print a message

The part of the line preceding the double slashes will be compiled, while
the rest of it will be ignored.

The compiler also ignores the blank line that follows the multi-line
comment. Whitespace, spaces and blank lines that are between pieces of
Java code, dont matter. You should use them to format your code so that
it is readable.

i HE E E E E N EEEEEEEEEEEEEEEEEEEEEEEECGRN
It’s a good idea to skip lines between significant pieces of code so that you can visually
separate pieces of functionality. Skipping lines is definitely not required when writing a
program, but it makes it easier for someone else, or even for you, to read and under-
stand the source code.
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The next line is the class declaration. You'll learn more about what a class
is tomorrow morning. For now, just think of it as the way you name your
program. The following line from Helloworld. java indicates that you're
creating a program named Helloworld:

public class HelloWorld {

The words public and class are reserved words. You don’t need to know
their meaning right now, but on a very basic level, they indicate this class’s
accessibility from other classes. Helloworld, the name of this program,
follows them. Remember that the name of the program is case sensitive
and must exactly match the part of the source code filename that precedes
the . java extension. The open curly brace ({) indicates that the code that
follows it belongs to the Helloworld class. For every open curly brace
you have in a Java program, there must be a corresponding closing curly
brace (3). The very last line of Helloworld.java is the closing curly
brace that corresponds to the one that follows the class declaration.
Everything that you see between the opening and closing curly braces
belongs to the Hellowor1d class.

Two lines below the class declaration, the main () method begins:
public static void main(String argsl[]) {

Don’t worry about the words public static void at this point. They’re
just more keywords that we'll get to eventually. main is the name of the
method that drives the Helloworld program. Actually, every standalone
Java application needs amain () method to drive it. The main () method is
the entry point for the JVM. It is where you list the steps that the computer
must follow to execute Java programs. The part in parentheses that comes
after main, (String argsl[]), is a way that you can pass information,
called arguments, into the program from the command line. We didn’t use
it here, and you haven' learned about arrays or variables yet, so that’s
another thing we'll just have to put off until tomorrow. Tonight, 'm just
getting you up and running. Another significant part of the main()
method declaration is the open curly brace. Similar to the class’s open curly
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Figure 1.4

The compiler tells
you that it expects
a semicolon after
your Java
statement.

brace, this one indicates that everything between it and the corresponding
closing curly brace three lines below belongs to the main() method. The
line immediately following the main () method declaration is just a single-
line comment. The following line is the line that tells your computer to
print “Hello, World!” to the screen:

System.out.println(“Hello, World!”);

This entire line constitutes one Java statement. Every Java statement must
end with a semicolon (;). If you leave it out, the compiler will yell at you.
Figure 1.4 shows what happens when you forget the semicolon. With the
semicolon intact, the statement gets your system’s output stream and tells
it to print “Hello, World!” asone line of output. Anything that you put
in between the quotation marks in this statement will be printed. Go
ahead and see if you can get it to print something different. Just edit the
source code and replace Hello, world! with whatever you want to print.
Another thing you can try is getting your program to print more than one
line. Just copy the entire statement, System.out.println(“Hello,
world!”) ; and paste a second copy of the line below the original, change
the text to whatever you want, recompile it, and then run it. If you can
do all of this, then you're up to speed and right where you need to be in
terms of understanding this chapter.

&) 5| /5 Al

C:\My Documents‘wkndjavachD1>javac HelloWorldBad2. java
HelloWorldBad2.javaz10: “;° expected
System.out.println("Hello, World!" )

1 error

C:3\My Documents'wkndjavatichd1>
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Introduction to Applets

So, you've written a standalone program. What else can Java do? Well, a lot
of things, actually. Another major Java use covered in this book is Java
applets. Java applets are Java programs that run inside another application,
such as a Web browser, instead of on their own. In this section, you'll write
a simple applet and see what it looks like running inside your Web browser.

What Is an Applet?

Writing a

As I mentioned, a Java applet is a Java program that is run by Web browsers,
such as Microsoft Internet Explorer or Netscape Navigator. Browsers that
support Java include their own Java Runtime Environment (JRE) or have
plug-ins that can interpret Java applets. Applets are typically embedded
within a Web page and are usually some sort of graphical user interface (GUI)
that has buttons, textfields, and so on that provide a user with some way of
entering and manipulating data. Applets can also be games or anything else
that a Java program can be. There are, however, security restrictions. Applets
can’t access a computer’s local file system. This prevents hackers from doing
nasty things to your computer when you visit their Web pages. Sunday
morning, I'll go over applets in detail. Right now, I'll just give you an intro-
duction so that you'll have an idea about how to write a simple applet.

Simple Applet

Now that you're clued in to what an applet is, you're going to write one.
Writing the source code is a breeze. Just follow the same process you used
to write HelloWorld. Open your editor and create a new file named
HelloWeb.java. As always, it’s important that youre careful when
copying the source code. Make sure that you don’t make any mistakes. It’s
hard to debug your code when you're not that familiar with Java. Look
closely at the source code listing and make sure that you can clearly make
out all the characters. Here is the source code listing for Helloweb. java:

import java.awt.Graphics;

import java.applet.Applet;
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Figure 1.5

You cannot run
HelloWeb using the
jawva command.

public class HelloWeb extends Applet {

public void paint (Graphics g) {

g.drawString(“Hello, Web!”, 100, 50);

After you type and save the source code, you're ready to compile it. Again,
you do this exactly as you did for Hel1lowor1d, except that you specify the
HelloWeb. java file instead of Helloworld. java:

javac HelloWeb.java

Now things start to differ from your first program. Once everything’s
compiled, you're still not ready to go, unlike the way things worked with
Helloworld. Figure 1.5 shows what happens if you try to run this applet
as though it is an application. The JVM is looking for a main () method
so that it can run your program as an application. Since there is no such
method, you'll get an error message.

In order to run your applet, you need to include it in a Web page. The
Web browser runs the Applet for you.

. MS-DOS Prompt H=Es|

C:3My Documents‘wkndjavaichD1>java Hellolleb
Exception in thread "main™ java.lang.HoSuchMethodError: main

C:3\My Documents’wkndjavaich01>_
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Writing the HTML

Now you need to create a Web page so that your Web browser can run the
HelloWeb applet. If you're not familiar with HTML (hypertext markup lan-
guage), trust me when I say that it’s not as complicated as it might sound.
On the other hand, if you already know some HTML, you understand that
this is actually very easy to do. You don't need to know HTML at all to read
this book; you can just blindly copy the source code if you want, but I will
explain the HTML source code anyway. HTML is a simple language that
is used to create Web pages. HTML gives you a set of zags that you can use
to specify certain formatting attributes for different parts of Web pages. For
example, to make text bold, you use the <b> tag:

This is how you make <b>bold</b> text.

Like many other tags, the <b> tag has an opening tag and a closing tag.
Closing tags look just like opening tags with the addition of the slash in
front of the tag name. Only the text between <b> and </b> is bold. Here,
just the word “bold” is bold. HTML provides the <applet> tag, which
you can use to embed an applet within a Web page. To do so, open your
editor, type the following helloweb.html source code and then save it.
<html>

<body>

<hl align="center”>HelloWeb Applet</hl>

<center>

<applet code="HelloWeb.class” width=250 height=100>
Your browser does not support Java Applets.

</applet>

</center>
</body>

</html>
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The source code starts with the <htm1> tag, which just indicates that this
document is in HTML format, rather than some other format such as
XML or whatever. The content of your Web page must fall between the
opening <html> tag and its corresponding closing </html> tag, which is
the last line of helloweb.html. The <body> and </body> tags contain the
body of the Web page, which is the main displayable content. Next comes
the <h1> tag, which is used for text headings. The <center> tag does just
what youd think; it aligns content in the center of the Web page. The
most significant HTML tag in this example is the <applet> tag, which is
what actually pulls the applet into the Web page. I used three aztributes in
the <applet> tag. HTML tag attributes enable you to specify how a Web
browser interprets the tags. Here, the code attribute specifies the name of
the Java class that defines the applet, Helloweb.class. The width and
height attributes specify the width and height of the applet in pixels. The
area in between the opening and closing <applet> tags can be used to
display information in browsers that do not support Java applets. Browsers
that do support applets ignore text entered here, but browsers that do not
support Java blindly display it. Both of the major Web browsers, Internet
Explorer and Navigator, support Java.

Running the Applet

Now you're ready to run the applet. In this section, I'll show you how to
run it in two different ways. First, I'll show you how to run the applet
using your Web browser, and then I'll show you how to run it using the
appletviewer tool, which is included in your Java SDK installation. To
run the applet in your Web browser, browse to the place you saved the
helloweb.html file and double-click on the icon associated with that
file. If youre using Windows and you have Internet Explorer, you can
save yourself a second or two by typing the following command at the
command prompt:

explorer helloweb.html

Figure 1.6 shows how the applet looks when it’s running in Internet
Explorer.
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Applets run within
Web browsers such
as Microsoft
Internet Explorer.
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4} C:\My Documents\wkndjava\chD1\helloweb._html - Microzoft Internet Explorer

| Fle Edt View Favoites Took Help |JLinks &lign &]@Home E]J2EE >
J ¢ Back » = - @ @ ot ”|JAeress I@ C:\My DocumentshwkndiavabchO Shelloweb, html 'l
=
HelloWeb Applet
Hello, w/ehl
=
|@ [one ’_’_|@ My Computer i

You don't have to have a Web browser to test your Java applets. The Java
SDK includes a tool, appletviewer, that can run applets outside a Web
browser. The appletviewer tool takes an HTML document as an argu-
ment, so the syntax for using it is

appletviewer HTMLDocument.html

Replace HTMLDocument with the actual name of the HTML document.
The HTML document must have tags in it that reference an applet like
helloweb.html does. The appletviewer tool searches the HTML docu-
ment for references to applets and runs each applet in its own window. To
run HelloWeb using appletviewer, enter the following command:

appletviewer helloweb.html

The Applet Viewer window will pop up and display “Hello, web!” just
like the browser did. The only difference is that appletviewer displays
only the applet and none of the other HTML. Did you notice that the
“HelloWeb Applet” heading didn’t show up even though it was included
in the HTML? Well, now you know why. The appletviewer tool is not
meant to replace your Web browser, only to test run applets. Figure 1.7
illustrates the way appletviewer looks when it is running the HelloWeb
applet. Sweet! You've run your first Java applet.
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Figure 1.7

Use the
appletviewer tool
to quickly test
your applets
independent of a
Web browser.

Ega.hpplel Viewer: HelloWeb_class [H[=]
Applet

Hella, Web!

Applet started.

Wrapping Up

Tonight, you accomplished more than you may think. Although you've
written only two simple programs so far, it took a lot to get there. First,
you learned what Java is, which prepared you to get going. Then you
installed the SDK, which is a formidable task by itself. The most common
problem Java mewbies come across is installing the SDK and properly
setting up their environment. Congratulations for getting this far! Getting
your first two programs running is very significant as well, even if you
dont completely understand them yet. Unfortunately, or fortunately,
depending on your perspective, even the simplest Java programs have a lot
to them. It’s not that they’re overflowing with code, but there is a lot to
them conceptually. You'll be learning these concepts throughout the rest of
this book. You'll also be using what you have already learned.

Tomorrow morning, you're going to dive deeper into the Java language.
You'll learn about data types and variables. You'll also learn about arrays
and methods. Tomorrow, I'll also go over one of the most important con-
cepts in Java, object-oriented programming. I gave you a brief introduc-
tion to it in this chapter, but tomorrow you'll learn much more about the
topic. If you're following the book’s implied schedule, make sure that you
get a good night’s sleep. Good night.
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ood morning! It’s Saturday morning, and you're going to learn the

basics of Java programming. This morning I'm assuming that

youre okay with creating Java source code, compiling it, and
running it. Before proceeding, make sure that you remember what you
did last night and have a pretty good understanding of it all. Of course,
if at any point you find that you have forgotten something, such as how
to compile your code, you can refer back to last night’s session. It all
works the same—just the class names and, therefore the filenames, are
different. The compile and run commands work the same way. So, if you
were able to complete last night’s session, that means you also were able
to install the Java SDK and that you should be ready to learn some real
Java programming.

In this session, you're going to learn the real basics of Java programming.
To start off, I'll introduce you to primitive data types. Primitive data are
simple bits of information, such as numbers, characters, and Booleans.
Specific types of primitive data, such as integers, long integers, floating-
point values, and double floating-point values, are called primitive data
types. Next, you'll learn about variables, which are Java’s way of storing
values. You'll also learn how to perform mathematical operations. After
that, you'll learn how to store multiple values, actually a list of values, in
a single variable with arrays. You'll then move on to learn about methods,
which you use to perform specialized functions. Finally, you'll learn more
about object-oriented programming, which is very important in the
world of Java programming,.
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Learning about Data Types
and Using Variables

For any program to be useful, it must be able to store and manipulate
data. After all, that is the only reason you'd ever want to write a program,
right? To put yourself in the right mindset, think of an ATM (automatic
teller machine). When you want to withdraw money from your checking
account to go out on a Friday night, you go to the ATM and get your
cash. When you put your card in, the ATM reads your account number,
but it needs some way to remember your account number throughout the
transaction, so the ATM program stores it in a variable. Once it authen-
ticates that you are who you say you are by asking you for your PIN
number and crosschecking it with the bank’s database, it asks you what
you want to do. You tell the ATM that you want to withdraw money
from your checking account. The ATM accesses your checking account
data. It then asks you how much you need. Youre only going to the
movies and out for a drink, so forty dollars should do, but you decide to
take out sixty dollars just in case. The ATM checks your balance data. Do
you have enough dough in there to cover it? Of course you do, so it decre-
ments your checking account balance, stores your new balance in the
bank’s database, spits out your cash, and thanks you for your business. So
you see, you get the money that you need because the ATM program
processed some data. That’s what all programs do.

Primitive Data Types

Java programs are no different than programs written in any other lan-
guage in that they all need to work with data to be of any use. There are
basically two major categories of data in Java—primitive data types and
object references. In this section, you'll learn about primitive data types.
(You'll learn about object references later this morning.) Primitive data
types are specific types of data that can easily be stored by a computer. To
simplify this idea, think of a primitive data type as something as simple
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as a number. A single, specific number takes up a specific amount of
memory in a computer. That specific number is very simple for the com-
puter to store and use directly. Something more complex, such as a video
game program, is not a simple, small piece of data, but more like a huge
collection of small pieces of data. These small pieces of data are primitive
data types. Theyre just numbers, characters, and Boolean values that the
computer accesses directly.

Java has eight primitive data types. They are byte, short, int, long,
float, double, char, and boolean. Whenever you need to process a
piece of data in your Java program, you need to specify what type it is.
The first four primitive data types that I listed (byte, short, int, and
long) are types of integers. Integers are whole numbers such as 1, 2002,
and -33. They don't have a fractional portion. They are listed in order by
size, smallest to largest. The two real number (floating-point) data types
are float and double. They are also listed in order from left to right by
size. Real numbers have a fractional portion. Some examples are 98.6,
0.007, and -1.0. The char primitive data type is for character data.
When you open a text editor, anything you can type into it is a character.
For example, ‘a’, &', and ‘5’ are all characters. Note that I included
the number 5 as a character. Isn't that a number? Well, when you type
it into your text editor, it’s interpreted as a character, just like letters,
symbols, punctuation, spaces, and carriage returns. The boolean type is
for true and false values. Any Boolean value is either true or false, and
nothing else. Refer to Table 2.1 for a convenient listing of all the primi-
tive data types.

Computers see all information as a series of binary magnetic bizs that are
either oz or off; (0 or 1). When you need to process a piece of data in a
program, you have to specify what type it is because the computer needs
to know how much memory to allocate for that piece of data. For
example, if you need to use an int, by looking at Table 2.1, you'll see that
Java uses 32 bits to store it.
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TaBLE 2.1 PrimITIVE DATA TYPES

Data Type Description Size Range

Byte Byte-size integer 8-bit -27t0 27 -1
short Short integer 16-bit -215t0 215 - 1
int Integer 32-bit -231t0 231 -1
long Long integer 64-bit -263t0 263 - 1
char Character 16-bit Oto216-1
boolean True or false 1-bit N/A

float Single-precision floating point 32-bit N/A

double Double-precision floating point 64-bit N/A

Note: The range for boolean is not applicable because the value must be either true or false.The ranges
for float and double are not applicable because the confusing details as to how the computer stores
these is beyond the scope of this book.

Expressing Literals

You use literals to express specific data values. A literal stands for itself,
meaning that what you type is what you get. A literal does not represent
anything else, such as a function or variable. It is a specific value that you
express literally by using that value directly. For example, if you express
the number 1 as a literal, the computer sees that as the value 1, which is
exactly what you would type in your program. Literals aren’t just for inte-
gers. There are ways of expressing literals for each of the eight primitive
data types, as well as for character strings. For a listing of some literal
expressions and their corresponding data types, see Table 2.2.
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TABLE 2.2 EXAMPLES OF LITERAL EXPRESSIONS

Literal Expression Data Type
27 int

033 int (octal)
0x1B int (hexadecimal)
27L long

27.0 double
27.0D double
27.0e3 double
27.0F float

‘e’ char

‘\n’ char
*\uO03F’ char

true boolean
false boolean
null null

As you can see in Table 2.2, some of the numerical literals contain both
letters and numbers. There is a good reason for those letters being there.
The letters are used to express data types for literals that would otherwise
be ambiguous. For example, if you type the number 27, you know that
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CAUTION

it’s an integer, but how does the computer know how much memory to
allocate for it. Is it an int? Is it a 1ong? The default data type for unspec-
ified integer literals is the smallest data type that fits the value. So, if you
want to express a long literal, you have to specify that fact by suffixing the
number with the letter L. 27 is an int, but 27L is a long. Similarly, the
default data type for floating point numbers is double, so if you need to
specify a literal as being a float, you have to suffix the literal with the
letter F. 27.0 is a double, but 27.0F is a float. Also, integers can be
expressed in octal or hexadecimal notation. If you don’t know what this
means, that’s okay, because you'll hardly ever see it, if at all.

I'll explain hexadecimal and octal numbers briefly here, but to really
understand this, you should refer to a computer science text that covers
binary mathematics. Our normal decimal number system is based on the
number 10. Basically, octal and hexadecimal notations are ways of
expressing integers using bases that are powers of 2. Octal is base 8 (it uses
digits 0 through 7), and hexadecimal is base 16 (it uses digits 0 through
F, where A=10, B=11, C=12, D=13, E=14, and F=15). In Java, octal inte-
gers are expressed by prefixing the literal with a zero (0). For example, 033
is the octal number 33 (which in our familiar decimal notation is 27).
Hexadecimal numbers are expressed by prefixing the number with zero,
followed by x (0x). For example, 0x1B is the octal number 1B (which is
also 27 in decimal notation).

222 22 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 X 2 & & & 4
Be careful when expressing Long primitive data type literals. The lowercase letter | can
easily be mistaken for the number 1, especially when it immediately follows a bunch of
numbers. For example, the number 11, when expressed as a long literal using a low-
ercase | is 111. It looks like 111, doesn’t it? Using the lowercase | makes it harder to
read the source code. You can fix this problem by using an uppercase L instead. 111
wouldn’t be confused with 111.Try to remember to use uppercase letters when express-
ing Long primitive data type literals.

222 22 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 X 2 & & & 4
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Character literals are expressed by enclosing the character within single
quotes. For example, *B’ is the character literal for the letter B. The data
type for character literals is char. To be a valid char literal, only a single
character or an escape code can appear within the opening and closing
single quotes. For example, *goat” is not a valid character literal, and the
Java compiler won't know what you mean if you try to use it. Because
some characters can cause the compiler to be confused if they are typed
in directly, we use character escape codes as a special way of expressing
those confusing characters. For example, say that you wanted to change
the HelloWorld program you created last night so that it would print
“Hello, “World~!” including the quotation marks around “worid~.
You couldn’t do it this way:

System.out.println(“Hello, “World”!”);

Recall that this is the line that tells the computer what to print, and it will
print anything that appears within the opening and closing double
quotes. Here, you can see how the compiler could get confused and not
know exactly where the quotation opens and closes. It would correctly
interpret the very first quotation mark as the opening quotation mark,
but it would see the second one as the closing quotation mark, rather
than as part of the quotation as you intended. Instead, youd need to use
the character escape code for double quotes (*\7*) to tell the compiler
that you want the double quotes to be interpreted literally as characters
rather than interpreting them as Java code that opens and closes charac-
ter string data. This is how youd do it:

System.out.println(“Hello, \”"World\”!”);
Refer to Table 2.3 for a listing of character escape codes and a description
of the way Java interprets them.

Character literals can also be expressed as Unicode characters. Actually, all
Java characters are Unicode characters. Unicode is a specification for
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NOTE

TaBLE 2.3 CHARACTER Escare CODES

Escape Code Literal Description

N\ Single quotation mark
AN Double quotation mark
‘\b’ Backspace

S\E? Form feed (page break)
‘\n’ Newline

‘\r’ Carriage return

‘\t’ Tab

A\ Backslash

character representation in which every character has a unique numerical
code. The syntax for a Unicode character literal is

* \UNNNN’

Use the \u prefix and follow it with a four-digit hexadecimal representa-
tion of the unique number that corresponds to the desired character. The
Unicode specification is beyond the scope of this book, but I included the
syntax here so that you'll be familiar with it and recognize it if you ever
see it in a Java program, or if you ever need to know how to specify
Unicode characters in your own Java code.

For more information about Unicode, visit http://www.unicode.org.
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Boolean literals are self-explanatory. Booleans can only be true or false. The
literal expressions true and false are always of the boolean primitive data
type. The nu11 literal is not any specific data type. It is assigned to object
reference variables, which are described later this morning. Basically, nu11
is used to make object reference variables not refer to any actual object.

Understanding Strings

You've learned about all of the eight different primitive data types that are
used in Java, so now it’s time to tackle strings. Strings are not primitive
data types, though at times Java syntax seems to treat them like primi-
tives. String is a Java class and any string instance is a Java object, not
primitive data. We'll get back to that later this morning. For now, you just
need to understand what a character string is. Basically, a string consists
of a sequence of characters, known as a character string. You express a Java
String literal by enclosing zero or more characters within double quotes.
A few examples follow:

“Hello, World!”
w 123 "

w \n\n"

woown

A\

You should recognize the first example. You used that string literal in
the Helloworld program. The second example demonstrates that a
sequence of numbers can be interpreted as a character string. Each digiz
is interpreted as a character, not a number. You can also use character
escape codes, as demonstrated in the third example. The last two exam-
ples show the difference between a space character and the empty string.
A space does count as a character, even though you can't see it. You express
the empty string by opening and closing the double quotes without
putting any characters between them, so it is possible to have a string of
zero characters.
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TIP

Declaring

H B H E N EEEEEE N EEEEE N EEEEEEEEEEEEESRE
A neat thing about Java strings is that you can add them together to create bigger
Java strings With the plus symbol (+).

“Happy” + “ New “ + “Year!”

The preceding code adds the three strings, “Happy”, * New “ ,and “vear!”
together to create a new string, “Happy New Year!”.Actually, you can add any
data type to a string literal, and the result will be interpreted as a string.

“The year is” + 2002

This creates a new string, even though the number 2002 isn’t enclosed in quotation marks.
Java interprets anything that’s added to a string literal as if it were itself a Java st ring
literal. The preceding code creates a new Java string: “The year is 2002,

You can add the empty string to a primitive data type to convert it to a string, like this:

5 4+ wr#

The result of this operation is the string value, »5~.
H B H E EEEEE N EEEEEEEEEEEEEEEEEEEREEGSRm

and Using Variables

Now that you've got primitive data types and String literals down pat,
you're ready to take the next step and learn how to store them in variables.
Variables are containers that hold specific types of data. Variables can
contain primitive data types as well as object references. When you
declare (create) a variable, you must specify what data type it can contain
and give the variable a name. Also, you must end the statement with a
semicolon. The syntax for declaring a variable is as follows:

data_type variable_name;

The data type can be any one of the eight primitive data types, or, as
you'll see later, it can be any class name. Let’s create an int variable
named myInt:

int myInt;
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After you declare myInt to be an int, you can start assigning int values
to it. The equal sign (=) is the assignment operator. To assign a value to a
variable, the variable name must go to the left of the assignment operator,
and the value goes to the right side. To assign 2 to myInt, you do this:

myInt = 2;

You can actually take a shortcut by declaring a variable and initializing its
value on a single line of code:

int myInt = 2;
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There are specific syntax rules that you need to follow when naming variables. Java vari-
ables can start with any letter, an underscore (_), or a dollar sign (¢) and can be fol-
lowed by any letter or number, an underscore, or a dollar sign. A variable name cannot
contain any spaces or any of the following characters:

#5&7 () *+,-./:;<=>?@[\]" {|}~

Also, by convention, variables start with lowercase letters, and new words begin with
uppercase letters, as the following shows:

thisIsAnExample

Now, here is an example program, called variableTest, that you can
write, compile, and run for yourself so that you can get a better feel for
using variables. The source code for variableTest.java is as follows:

/*
* VariableTest
* Demonstrates how to declare and access variables

*/

public class VariableTest {
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public static void main(String args[]) {
//Declare an int variable
int age;
age = 242;

System.out.println(“Age = “ + age);

//Declare a double variable and assign a value
double ounces = 11.2;

System.out.println(“ounces = “ + ounces);

//Declare some String variables
String name = “Guinness”,

origin = “Ireland”,

brewery;
System.out.println(“name = “ + name);
System.out.println(“origin = “ + origin);
brewery = “St. James Gate Brewery”;

System.out.println(“brewery = “ + brewery);

//Assign a value of one variable to another
int yearsOld = age;

System.out.println(“yearsOld = “ + yearsOld);

//Declare a boolean variable and assign a value to it
boolean tastesGood = true;

System.out.println(“tastesGood = “ + tastesGood);
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In variableTest, I just declared some variables, assigned some values to
them, and printed their values to standard output. Recall that Java
String class literals can be added together to create bigger string liter-
als. Recall from last night that you can print string values to standard
output using the System.out.println() method. The line

System.out.println(“Age = “ + age);

just prints “age = ~ followed by the value of age. I did that for all of the
variables. You should also notice that I declared some string variables. You
do this exactly the same way that you declare variables of primitive data
types. Actually, I declared multiple string variables in a single statement:

String name = “Guinness”,
origin = “Ireland”,

brewery;

You can do this for any variable type; just specify the data type and then
specify each variable separated by commas. After the last variable, you
need to use a semicolon. You can optionally initialize each variable as
well, as I did for name and origin, but not brewery. You can see the
output for this program in Figure 2.1.

The data that a variable contains can vary—which is why they are called
variables—but the data type cannot vary. A variable that holds ints, can
hold only ints, and nothing else. You can store the value of a smaller data
type, such as a byte or short, but it is converted to an int automatically.
You can't assign a value of a larger data type such as long to an int vari-
able, because it literally won't fit; 64 bits of data can’t be crammed into a
32-bit area of memory. The Java compiler won't let you do this. However,
there are ways around this with data type casting. Casting is the act of
explicitly changing the data type of some value to another data type. The
syntax for casting is

(new_data_type) value
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Figure 2.1

The
VariableTest
program prints the
values of different
types of variables.
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C:3\My Documents‘wkndjavaschD2>java VariableTest
fge = 242

ounces = 11.2

name = Guinness

origin = Ireland

brewery = §t. James Gate Brewery

yearslld = 242

tastesbood = true

C:3\My Documents'wkndjavaschD2>

You specify the new data type in parentheses and place it in front of the
value you want to cast. For example, you might create a 1ong and assign
a small number, such as 10, to it.

long longInt = 10;

You, as the programmer, know that the value 10 can fit in an int variable.
Elsewhere in your program you might want to assign the value of longInt to
an int variable. You must explicitly cast it to an int. Here’s how you do that:

int myInt = (int) longInt;

This code takes the value of 1ongInt and converts it to an int by dis-
carding the extra 32 bits and storing the resulting value in myInt. If you
don’t explicitly cast it and use, for example, the following code instead,
the compiler will yell at you:

int myInt = longInt;
If this happens, you'll get a message similar to the following:

Incompatible type for declaration. Explicit cast

needed to convert long to int.
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Make sure that when you cast values of larger data types to smaller data types you don’t
corrupt your data. If you cast a number that is too large to fit into the space allocated
for the smaller data type, your data can become garbage. As an example, what do you
think the value of myByte should be after this snippet of code executes?

int myInt = 242;

byte myByte = (byte) mylInt;

I'll give you a hint. It's not 242.The byte data type can hold values ranging only from
-128 to 127; 242 is just too big to fit. Without going into the details of how computers
interpret binary integers using two’s complement, I'll just tell you that the computer gets
confused and interprets the value as -14, not 242. Keep this in mind when you're
casting data types.

COPPPPPPPPPPPPPPPPPPP0 0909000000000 09090%0909
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When you assign a floating point literal to a £1oat, you must make sure that you're
assigning a float literal rather than a double literal. Sometimes this can be mis-
leading. The following code won’t compile:

float £ = 1.0;

Java interprets the literal 1.0 as a double, not a £1oat. If you try to compile your
code with this line in it, you'll get an error message indicating that you can’t convert a
double t0 @ £1oat Without an explicit cast. Instead you must either explicitly cast the
double t0o a float:

float £ = (float) 1.0;

Or you need to specify that you’re using a f1oat literal by using the letter = notation
that you learned earlier:

float £ = 1.0F;
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Performing Mathematical Operations

Java provides mathematical operators that you can use to perform simple
numeric mathematical operations. The five operators are used for addi-
tion, subtraction, multiplication, division, and modulus operations.
(Refer to Table 2.4 for a listing of these operations and some examples.)
The remainder of this section goes over each of these operators in more
detail, introduces other operators, and explains operator precedence.

The addition operator (+) is used to add two numbers together. As you can
see in Table 2.4, adding the integers 20 and 15 together results in the value
35. The subtraction operator (-) subtracts the second number from the
first number, as you would expect. Subtracting the integer 15 from 20
results in the value 5. Multiplication also works exactly as youd expect it.
Multiplying the two integers 20 and 15 together results in the value 300.
Java uses the asterisk (*) as the multiplication operator. Division can some-
times be confusing when applied to integers. The result of an integer divi-
sion operation is always an integer, so the remainder is truncated, not
rounded to the nearest integer. Although you learned in math class that 20
divided by 15 is 1 and /4, the result in Java is 1. The extra one-third is dis-
carded. Similarly, if the result of an integer division operation is technically

TABLE 2.4 MATHEMATICAL OPERATORS

Operator Description Example Result
+ Addition 20 + 15 35

- Subtraction 20 - 15 5

@ Multiplication 20 * 15 300

/ Division 20 / 15 1

% Modulus (remainder after division) 20 % 15 5
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1.99999, the result in Java would still just be 1. It wouldn’t round the
value to 2. On the other hand, if you were performing the division oper-
ation on real numbers, such as floats or doubles, the fractional portion
would be retained. The modulus operator is the percent symbol (%). The
result of a modulus operation is the remainder after a division operation.
So, when you divide 20 by 15, the result is 1, with a remainder of 5.
Because the result of a modulus operator is the remainder, the result of the
modulus operation 20 mod 15 is 5. The simpleMathTest program
demonstrates these five operations.

/*
* SimpleMathTest
* Performs simple mathematical operations on integer and
* double operands

*/
public class SimpleMathTest ({

public static void main(String args[]) {
int x = 10,
y = 7;
//be careful not to confuse math operators with string

/ /operators

System.out.println(x + “ + “ + v + % = Y + (x + y));
System.out.println(x + “ - “ + y + “ = " + (x - y));
System.out.println(x + “ * “ + y + “ = “ + (x * y));
System.out.println(x + “ / “ + y + “ =" + (x / y));
System.out.println(x + “ % “ + y + “ = " + (X % ¥));

//would be more readable with explicit casting

//i.e. double a = (double) x, b = (double) vy;
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double a = x,

b =vy;
System.out.println(a + “ + “ + b + “ = “ + (a + b));
System.out.println(a + “~ - “ + b + “ = “ + (a - b));
System.out.println(a + “ * » + b + “ = “ + (a * b));
System.out.println(a + ~ / “ + b + “ = " + (a / b));
System.out.println(a + “~ % “ + b + “ = " + (a % b));

//emphasizes that floating point modulus ops can
//result in real numbers

System.out.println(*1.1 % 1.0 = “ + (1.1 % 1.0));

This program declares two int variables, x and y. It assigns the values 10
and 7 (respectively) to these variables. Then it proceeds to perform addi-
tion, subtraction, multiplication, division, and modulus operations on
them and prints the results, which you can see in Figure 2.2.

There are also two other operators that are used as shortcuts for adding
and subtracting 1 from a variable. They are called the increment operator
(++) and the decrement operator (--). The increment operator adds 1 to
the variable on which it is used and then assigns the incremented value to
the variable. For example, this code adds 1 to x:

X++; //same as x = x + 1

If the value of x was 1 before the operation took place, then after the
operation, the value will be 2. The comment just lets you know that x++
causes the same result as x = x + 1. The decrement operator subtracts
1 from the variable on which it is used and assigns that value to the vari-
able. For example, this code subtracts 1 from x:

X--; //same as x = x - 1
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The result of the
modulus operation
is not exactly 0.1
because computers
can’t store real
numbers with
absolute precision,
so there is always
a minute margin
of error.
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%My Documents‘wkndjava'chl2?>java SimpleMathTest
=17

4=
=3
=70
7

+
*
f

-0
I}
I}
I}

70.0
1.4285714285714286
0

.0 = 0.i0000000000000009
C:3\My Documents'wkndjavaschD2>

If the value of x was 1 before the operation, then the decrement opera-
tion causes the value of x to become 0.

The increment and decrement operators can be used after the variable
(postfix), as in the previous examples, but they can also be used in front
of them (prefix). For example, this code also adds 1 to x and x stores that

new value:

++X; //same as x = x + 1

On the surface, prefix and postfix seem to be identical, but there is an
important difference in the way they work. Prefix increment and decre-
ment operations are evaluated before any other assignments or operations
are performed, while postfix increment and decrement operations are
evaluated affer any other assignments or operations are performed. Two
examples should help here. After the following code executes, the value of
both x and v is 2:

int x = 1, v;

Yy = ++x;
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The reason for this is that x is incremented to 2 before the value is
assigned to y. However, after this next bit of code executes, the value of
y is 1 and the value of x is 2.

int x = 1, vy;

Y = X++;

The reason is that x is not incremented until after y gets its value. Because
x is 1, y gets that value, afterward x is incremented to 2.

There are also some other shortcuts for assignment and math operations.
The five shortcuts that correspond to the five mathematical operations are
+=, -=, *=, /=, and %=. The syntax for these operators is as follows (replace
<op> with the operation to be performed—that is, +, -, *, /, or %):

variable <op>= value;

The result of this is the same as

variable = variable <op> value;

Here are some examples with in-line comment explanations:

int y = 10;

y += 3; //result y = 13; same as y =y + 3

-= 3; //result y = 7; same as y =y - 3

10;

*= 2; //result y = 20; same as y =y * 2

10;

/= 2; //result y = 5; same as y =y / 2

10;

o°

KK K K K K K K

= 3; //result y = 1; same as y =y % 3

When performing mathematical operations in Java, it’s also important to
understand operator precedence. Generally, mathematical operations are
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performed from left to right, but Java will perform operations with higher
precedence first. Multiplication, division, and modulus operations take
precedence over addition and subtraction, as illustrated here:

int x = 10 - 4 + 14 / 2;

The value of x after this code is evaluated is 13. If operator precedence
didn’t play its part and operations were done strictly left to right, then the
value of x would be 10 (10 -4 = 6; 6 + 14 = 20; 20 / 2 = 10). But, because
division takes place before subtraction and addition, Java evaluates 14 / 2
= 7 first and then performs 10 - 4 + 7 from left to right, (subtraction and
addition have the same precedence), resulting in 13. You're not stuck with
this, however. You can tell Java how to evaluate your expressions via
parentheses. If you've ever taken an algebra class, you should be familiar
with the way parentheses are used in mathematical operations. Placing
parentheses around parts of an expression changes the precedence of the
expression within the parentheses. All things within parentheses are
treated as one unit and evaluated before operations outside the parenthe-
ses are performed. For example, the following code results in x being
assigned the value 10:

int x = (10 - 4 + 14) / 2;

The parentheses tell Java to evaluate 10 - 4 + 14 before dividing 2. It’s like
saying “divide the value of the entire expression 10 - 4 + 14 by 2.” See if
you can figure out the value of x after the following code executes and
then read on to see if you're right.

int x = 10 - (4 + 14 / 2);

The preceding example says, “Take the value of the expression 4 + 14 / 2
and subtract it from 10.” Remember that division takes precedence over
addition, so 14 / 2 = 7 is done first, then 7 is added to 4, which is 11.
Then 10 - 11 is evaluated, and the result is -1. If you came up with -1,
give yourself a pat on the back.
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Using Arrays

An array is a variable that stores not only one value but also a list of vari-
ables, as long as every value in the list is of the same data type. Using an
array is convenient in instances where you need to maintain a set of
similar data. For example, you might have an array that you use to store
a list of CDs that you own. Instead of creating a separate variable for each
of your CDs, you need to create only one variable that stores them all. As
you'll see this afternoon when I go over loops, operations such as listing
all of your CDs are easy if they're stored together in an array.

Declaring Arrays

Declaring arrays is very similar to declaring variables of primitive data
types. The only noticeable difference between the two is the use of square
brackets ([ and 1). For example, to declare an array of ints named
myArray, you do the following:

int[] myArray;

The square brackets follow the data type. Any value that you add to
myArray must be an int. You can also put the square brackets after the
variable name, like this:

int myArrayl[];

Both of these declarations declare an array of integers named myaArray;
there is no difference between the two.

Initializing Arrays
You can declare an array and initialize its values in a single Java statement.
The syntax for this is as follows:

data_typel] array name

= { value_0, value_1, value_2, [el], value_n };
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Declare the array by specifying the data type and the array name (don’t
forget the square brackets) and then assign it a list of values. The list of
values is a comma-delimited list of values that have the same data type as
the array specifies. This list goes between opening and closing curly braces.
The number of items in the list determines the length of the array. If you
put 10 items in the list to initialize the array, the length of the array will
be 10. Once an array’s size has been set, it can never be changed because
Java allocates the correct amount of memory for the array as soon as its size
is determined. Here is an example of a declaration of an int [] array:

int[] 1list = { 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 };
The size of 1ist after it is initialized is 10, because I assigned a list of 10
ints to it. You can programmatically determine the length of an array by

using its length attribute. To access its length attribute, specify the array
name, followed by a dot (.), followed by the word 1ength:

int len = list.length;

The value of 1en after this assignment takes place is 10 because the length
of 1ist is 10.

You can also initialize an array’s size before you assign it any values. The
syntax to accomplish this is

data_typel]l array _name = new data_typelarray size];

You have to use the new keyword to specify that you're creating a new
array. After new, specify the data type, followed by the size of the array
(which must be an integer) within square brackets. To initialize a new
int[] array of length 10 named myNewarray, you do this:

int[] myNewArray = new int[10];

Or you could do this on two separate lines, like so:

int[] myNewArray;

myNewArray = new int[10];
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NOTE
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When you initialize the size of an array of numbers without initializing any of its values,
every value in the array defaults to zero.

Using Array Elements

Each individual value stored in an array is referred to as an array element.
Each array element is indexed (subscripted) by an integer. It’s intuitive to
think of each item of a list as having a number associated with it (as a
numbered list does), so this shouldn’t be too difficult to grasp. The first
element of an array is always indexed by the number 0, not 1, so to get
the value of the very first element of any array, the syntax is

array namel[0]

Use the variable name for the array and use square brackets to enclose the
index number of the element you're trying to access. Note that the very
last element of an array is accessed like so:

array namelarray. name.length - 1]

The length of an array having 10 elements is of course 10, but the last
element is indexed by the number 9. You can also assign values to array
elements, one at a time, this way. Here is an example of assigning the
values of a boolean[] array one at a time by specifying their indices:

boolean[] tfList = new boolean[3];
tfList[0] = true;
tfList[1] = false;

tfList[2] = true;

I've included the following sample program, called ArrayTest, so that
you can get a better feel for how to use arrays in Java. Feel free to read
over it or even tackle it on your own, if you want the extra help.
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/*
* ArrayTest
* Demonstrates declaring, initializing, and using arrays

*/
public class ArrayTest {

public static void main(String args[]) {
//declare an array
double[] temps;
//initialize the array size
temps = new double[3];
//assign some values to array elements

temps[0] = 103.2;

temps[1] 101.9;
temps([2] = 98.6;
//get its length
System.out.println(“temps length: “ + temps.length);

//print out its contents

System.out.println(“values: ™

+ “\ntemps[0] “ + temps[0]
+ “\ntemps[1l] “ + temps[1l]
+ “\ntemps[2] “ + temps[2]);

//declare and initialize an array in a single
//statement

int[] primes = { 1, 2, 3, 5, 7 };
System.out.println(“primes length: “ + primes.length);

System.out.println(“values: “
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Figure 2.3

ArrayTest
sets up two arrays
and then displays
their values to
demonstrate how
Java handles arrays.

+ “\nprimes[0] = “ + primes[0]
+ “\nprimes[l] = “ + primes[1]
+ “\nprimes[2] = “ + primes[2]
+ “\nprimes[3] = “ + primes[3]
+ “\nprimes[4] = “ + primes[4]);

//arrays aren’t just for ints and doubles
byte[] myByteList;

short[] myShortList;

long[] myLongList;

float[] myFloatList;

boolean[] myBooleanList;

char[] myCharList;

You can see the output of this sample program in Figure 2.3. Feel free to

try to change the values in your own program. Play around with it! That’s

the best way to learn new things.

values:

C:3\My Documents‘wkndjavatchD2>java ArrayTest
temps length

temps[0] 103.2
temps[1] 101.%
temps[2] 78.6
primes length:

C:%\My Documents’wkndjavalch02>_
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Multidimensional Arrays

In Java, multidimensional arrays are actually arrays of arrays, or lists of
lists. Multidimensional arrays use multiple sets of square brackets. There
is one set of brackets per dimension of the array. The following is an
example of a two-dimensional array:

int[][] table = new int[12][12];

The preceding array declares a two-dimensional array of 12 by 12 ele-
ments. table[0] is an array of 12 elements, table[1] is an array of 12
elements, table[2] is an array of 12 elements, and so on. There is a way
to declare a multidimensional array and initialize its values in a single
statement. The following example does just that:

char [][] mda = { { *a’, ‘b’, ‘¢’ }, { *d" }, { re’, £’} };

This example creates a two-dimensional array named mda and initializes
its values. Table 2.5 provides the values of this array listed by its indices.

TaBLE 2.5 MDA VALUES

Element Value
mda[0] [0] a
mda[0] [1] b
mda[0] [2] c
mda[1][0] a
mdal[2] [0] e
mda[2] [1] £
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As you can see, it is possible for the lengths of each of the secondary arrays
to vary. In this example, mda is an array of three arrays. The first array is
three elements long, the second array is one element long, and the third
array is two elements long. Because a multidimensional array is an array
of arrays, you can find out the length of each sub-array. This is best
demonstrated as an example and then explained. To get the three differ-
ent lengths of mda’s three sub-arrays, your code should look like this:

int lenl = mda[0].length;

int len2 = mda[l].length;

int len3 mda[2].length;

After this snippet of code executes, lenl is three, len2 is one, and len3
is two. The MultidimensionalArrayTest program uses a multidimen-
sional array. For a bit of practice, try writing it yourself and getting it to
run. Here is the source code:

/*
* MultiDimensionalArrayTest

* Demonstrates how to use multidimensional arrays

*/
public class MultiDimensionalArrayTest ({

public static void main(String argsl[]) {
//Declare a multidimensional array
double[][] grid = new double[2][3];

//assign some values

grid[0][0] = 0.0;
grid[0][1] = 0.1;
grid[0][2] = 0.2;
grid[1][0] = 1.0;

grid[1][1]

1
[any
[any
~
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grid[1][2] = 1.2;

//Another way to do the same thing
double[][] grid2 = { { 0.0, 0.1, 0.2 1},

{ 1.0, 1.1, 1.2 } };
//The proof:
System.out.println(“grid2[0][0] = “ + grid2[0][0]);
System.out.println(“grid2[0][1] = “ + grid2[0]1[1]);
System.out.println(“grid2[0][2] = “ + grid2[0][2]);
System.out.println(“grid2[1]1[0] = “ + grid2[1][01);
System.out.println(“grid2[1][1] = “ + grid2[1]1I[1]);

System.out.println(“grid2[1][2] = “ + grid2[1]1[2]);

The MultidimensionalArrayTest program declares a two-dimensional
array, grid[][1, and assigns values to its elements one at a time. It also
declares a second two-dimensional array and initializes its values in a single
Java statement. I did that to demonstrate that there’s more than one way
to accomplish the same task. The second way uses less code, but may be
harder for programmers who are not familiar with that type of multidi-
mensional array initialization. The first method uses more code, but is,
arguably, easier to follow. The output, shown in Figure 2.4, proves that the
values of grid2(11[] are the same as the values I assigned to gridf11(1].

Learning about Methods

You've actually already used a method. system.out.printin() is a
method that prints a string to standard output. Methods are a way of iso-
lating Java code that performs a specific function. Put more simply,
methods are lines of Java code that execute when you tell them to execute.
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Figure 2.4

This program
demonstrates
how to use
multidimensional
arrays.

R - -1
[ re =l el i 8)5 Al

nts'wkndjavaichD?>java MultiDimensionalfArrayTest
= 0.0

0.1

C:3\My Documents'wkndjavatchD2>

Methods also allow for code reuse. For example, you might define a
method that adds tax to a retail product purchase and gives you back the
total. In Rhode Island, tax is seven cents on the dollar, so the method
would incorporate something like this:

double total = itemPrice * 1.07;

In the preceding example, the code multiplies the item price by 1.07 to
get the total cost. Any time you need to calculate the total cost of an item,
you just call the method to do the work for you, instead of having to
perform the calculation directly each time. This example has only one
line of code, so it’s not really a big deal—unless you need to change the
way tax is calculated. What if the tax rate changes? If you had not defined
this method previously, you'd have to search for and update the tax cal-
culation throughout your code. With the method defined, you need to
change only the calculation in the method. The rest of your code simply
makes calls to the updated method, so no further modification is neces-
sary. That’s the general idea of methods and their usefulness. Next, I'll get
more specific and show you how to define and call methods.
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Declaring Methods

When you declare a method, you define its access modifier, its method
modifier(s), its return type, its name, any exceptions it might throw, and
the method body itself. Modifiers are covered later this morning in the
section titled, “Object-Oriented Programming.” I'll go over exception
handling tomorrow morning. For now, you just need to get the syntax
down and understand how to define and call methods. The syntax is

access_modifier,, method modifiers,, return type name(args,.) f{
method_body;

return statement;

The subscript

opt denotes optional components of a method declaration.

In this section, we're going to use the public access modifier for our
methods. We're also going to use the static method modifier. Without
going into speciﬁcs, I am using static just to make it easier to explain
how to call a method without having to use object-oriented Java syntax.

You specify the method return type after method modifiers (for example,
public and static are modifiers). The return type of a method is the
data type that the method will return after it completes its execution. You
can return any primitive data type or object reference. If a method does
not return any value, instead of specifying a data type, use the void
keyword as the return type.

Following the return type, you specify the method name. By convention,
method names should be verbs or verb phrases. As with variable names,
method names should begin with a lowercase letter and any subsequent
word in the method name should have initial capitalization. For example,
calculateTax would be a good method name. (This is just a program-
ming convention and is in no way required.)

You define any arguments that the method can accept within parentheses
placed after the method name. If the method accepts no arguments, you
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still need the parentheses, like this: method_name (). If there is more than
one argument, use commas to separate each argument. Arguments are
also called parameters.

The method body consists of the statements that do the actual work, and
they are placed within opening and closing curly braces. If the method
returns a value, you need to include a return statement in the method,
which is typically the last line in the method. The value that you return
must be of the same data type that you define in the method signature
(the part that comes before the method body). For example, to declare
the addaTax () method, you do this:

public static double addTax(double itemPrice) {
double total = itemPrice * 1.07;

return total;

The argument that this method accepts, itemprice, is actually defined
the same way a variable is declared. In fact, it is a variable declaration;
therefore, you must specify the data type. Any variable that you specify as
an argument is only accessible within the method body. You can’t access
the variable from outside of the method. In this way, you can think of
itemPrice as belonging to the addrax() method. Lastly, this sample
method declares a double variable, total, and stores the result of the tax
calculation in it. Then it returns the value of total back to the caller.

Calling Methods

Let’s see how the addTax () method can be called:

double totalCost = addTax(10.00);

The preceding line declares totalcost, a double variable, and calls the
addTax () method, assigning the returned value to totalcost. The value
of totalcost after this statement executes is 1.07. As you can see, you call
a method by using the method name and placing any arguments inside the
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parentheses. When you call adaTax (10.00), the value 10.00 is assigned
to the itemPrice variable that is defined in the addTax () method. The
method then takes that value and does its thing and returns the value 1.07,
which is assigned to totalcost. To better understand the way methods
are used, read (or run!) MethodTest, the sample program that follows:

/*
* MethodTest
* Demonstrates the basics of how methods work

*/
public class MethodTest {

//main() is also a method
public static void main(String args[]) {
double addResult, first, second;
first = 10.0;
second = 17.0;
//call the add() method and store the result in addResult
addResult = add(first, second);
//print the result
System.out.println(first + ~ + “ + second + “ = “
+ addResult) ;
//take a shortcut:
//call methods & pass results directly to output
System.out.println(“4.0 - 3.0 = “ + subtract(4.0, 3.0));
System.out.println(“12.0 * 12.0 = ™
+ multiply(12.0, 12.0));

System.out.println(“100.0 / 4.0 = ™ + divide(100.0, 4.0));

public static double add(double a, double b) {
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//methods can declare their own variables
double result;

//add the first and second arguments together
//remember these variable names aren’t the same
//as the ones that were passed too this method,
//but their values are the same

result = a + b;

//return the value back to the caller

return result;

public static double subtract(double a, double b) {
//get it all done in one line of code

return a - b;

public static double multiply(double a, double b) {

return a * b;

public static double divide(double a, double b) {

return a / b;

MethodTest has four methods (actually five, if you count the main()
method). The four methods are add(), subtract(), multiply (), and
divide (). Each of these methods accepts two double arguments, per-
forms mathematical operations that correspond to the method names,
and returns the result. The main () method calls these methods and dis-
plays the results in standard output, as shown in Figure 2.5.
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12 M5-DOS Prompt

& 515 Al

C:3\My Documents'wkndjavatchD2>java MethodTest
10.0 + 17.0 = 27.0

4.0 - 3.0 = 1.0

12.0 = 12.0 = 144.0

100.0 7 &.0 = 25.0

C:3\My Documents'wkndjavatchD2>

Figure 2.5

The
MethodTest
program
demonstrates the
way methods are
used in Java.

Now you have the basic idea of what methods are and how to declare and
call them in the Java programming language. There is more to learn about
methods, including how methods work in object-oriented programming,.
But first, let’s take a break.

Take a Break

So far this morning, you've learned about data types, arrays, and methods.
We've already covered a lot in just a short time, so it’s a good idea for you
to take a break before moving on to the next section. When you come
back, you'll read about object-oriented programming, which is arguably
the most important aspect of programming in Java.

Object-Oriented Programming

Object-oriented programming, or OOP for short, is a central Java pro-
gramming concept. Every Java program must be defined as an object. In
that respect, Java is strictly an object-oriented programming language. The
remainder of this morning’s session covers the concepts of object-oriented
programming and how they are applied in Java.
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Understanding Object-Oriented
Programming Concepts

Object-oriented programming is a way to organize Java code so that it
mimics actual real-world objects. Objects in the real world are made up
of smaller objects, have specific attributes or properties, can do certain
things, and interact with other objects. A ball, for example, might be
made of rubber and be filled with air molecules. A ball can bounce, it can
be thrown, it can be used in a sporting event, and so on. A person, for the
purpose of this example, is another real-world object. A person is made
up of a body, complete with arms, legs, a head, and so on. The person can
interact with the ball by throwing it or kicking it. The basic idea that
objects are entities in and of themselves, with their own properties and
abilities, and that different objects can interact with each other is what
object-oriented programming is all about.

There are many benefits to using object-oriented programming. One
obvious benefit is code reuse. For example, you can create a cashRegister
object that at its core just provides for totaling a sum of items, adding the
tax, and cashing the customer out. You can create another object that
takes care of inventory. Then you can turn around and write a POS
(point of sale) program for a retail chain. The retail chain might have
really good things to say about your program and ask—well hire—you to
write another POS program for a subsidiary of theirs. After all, you
wouldn’t do it for free, unless youre one of those weirdoes like me who
thinks it’s fun to code. You have to earn a living, right? Anyway, getting
back to the example, say that the program has to be slightly different for
the subsidiary company, but the cashRegister and Inventory objects
might not have to change at all. If that’s the case, you can just plug them
into the new application, and you're good to go!

Encapsulation is another benefit of object-oriented programming. When
you define a class, you put a common set of properties and functionality
into it. You give other objects access to the class’s properties through the
class’s fields (variables) and write methods to give other objects access to
the class’s functionality. Wrapping common properties and functionality
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into separate classes and hiding their implementation is known as encap-
sulation. The code within the methods is hidden from other objects.
Other objects just call the class’s methods and expect the functionality to
work properly. You can change the way you implement a class internally
by changing the code inside the methods, but not have to change the pro-
grams that make use of them as long as the class’s method signatures, such
as the return type and the number and types of arguments it accepts,
don’t change.

Defining Classes in Java

Every source code file you've seen up to this point is a Java class. Remem-
ber the Helloworld program? It started like this:

public class HelloWorld {

The c1ass keyword signifies that you are defining a class. Everything that
goes between the opening curly brace and the corresponding closing curly
brace belongs to the class. I think it’s about time to use another Java code
example to clarify what I'm talking about. Let’s create a Java class that
defines an automobile. First, some brainstorming is in order. What sort
of properties does an automobile have? No need to overdo it here, so I'll
keep it simple. An automobile can have an engine that is either running
or not running, wheels, seats for the driver and some passengers, mileage,
and a color. Here are some variables that keep track of these properties:

public boolean engineRunning;
public int numWheels;

public int numSeats;

public double mileage;

public String color;

The public access modifier will be described momentarily, so let’s ignore
that for now. Because these variables are declared at the class level and not
in any method such as main(), the scope of these variables includes the
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entire class, which is everything enclosed by the classs opening and
closing curly braces. This means that these variables are accessible from
any methods you declare in the class. Speaking of methods, let’s think
about how to create Automobile’s methods. What can you do with an
automobile? You can start and stop the engine, and most importantly,
you can drive it. Here are some method signatures for the methods that
provide this functionality:

public void startEngine()
public void stopEngine()

public void drive(double numMiles)

Constructor Methods

Another thing that we need to provide in the Automobile class is a way of
creating an Automobile object. The automobile class defines what an
automobile is, while an Automobile is an instance of the Automobile class
as well as an actual object. An Automobile object is a specific automobile
and has values for the properties that the automobile class defines. For
example, the automobile class defines the color property, but an Auto-
mobile object would give a value such as “green” to the property as well
as the other properties in the class. Java has specialized methods that allow
you to create instances of classes. They are called constructor methods. Here
is the constructor method for the Automobile class:

public Automobile(int wheels, int seats, String theColor) {
numWheels = wheels;
numSeats = seats;
color = theColor;
mileage = 0.0;

engineRunning = false;
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Constructor methods are optional. Java does not force you to write a constructor method;
however, if you don’t include one, the Java compiler will create one for you.The compiler
creates the default no-argument constructor. It accepts no arguments and doesn’t initial-
ize any variables. Java doesn’t change your source code. It defines this constructor only in
the class file, but it works exactly as though you had defined a constructor like this:

public MyClass() { }

There are some differences between constructor methods and normal
methods that you should note. First, there is no return type. No construc-
tor method has a return type. Second, the method name aAutomobile ()
corresponds to the class name. It is similar to regular methods in that it can
accept arguments. This constructor accepts arguments used to initialize the
numWheels, numSeats, and color properties. It also takes the liberty to ini-
tialize the mileage property to 0.0 and the engineRunning property to
false. Here is the full source code listing for Automobile. java:

/*
* Automobile
* Demonstrates Object Oriented Programming Concepts

*/

public class Automobile {
//Declare fields that belong to the Automobile class
public boolean engineRunning;
public int numWheels;
public int numSeats;
public double mileage;

public String color;

//define the constructor

public Automobile(int wheels, int seats, String theColor) {
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//initialize the instance variables with the given
//values

numWheels = wheels;

numSeats = seats;

color = theColor;

//initialize the remaining variables

mileage = 0.0;

engineRunning = false;

//define methods that belong to the Automobile class

public void startEngine() {

engineRunning = true;

public void stopEngine() {

engineRunning = false;

public void drive(double numMiles) ({

mileage += numMiles;

//This method defines the String representation of this
//object

public String toString() {

String s = “Number of wheels: “ + numWheels;
s += “\nNumber of seats: “ + numSeats;

s += “\nColor: “ + color;

s += “\nMileage: “ + mileage;

s += “\nEngine running: “ + engineRunning;
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return s;

Did you notice that there is no main() method defined in the Automo-
bile class? That’s because it’s not an application. It’s just a class definition.
Not every Java source file has a main () method defined in it. Only classes
that need to run as Java applications need to define a main() method.
Also, you should notice that none of the methods are static methods.
Earlier this morning, the methods you defined were static, making it easier
for you to call them without having to know object-oriented program-
ming. Now that you have some object-oriented programming skills, we
can drop the static keyword, which has a specific purpose of its own. (I'll
cover the purpose of the static keyword in just a moment.) The
tosString () method returns a String representation of an object. If you
define the tostring () method in any object, Java will automatically call
this method when it needs to interpret your class as a String literal. For
instance, you can add an object to a String literal like this:

String s = “my object = “ + myObject;

Java will call myobject’s tostring() method and append the returned
value to the *my object = “ String and assign the result in s. Also, if
you pass in an object as the argument to the System.out.println()
method, Java will call the tostring() method and print the returned
value to standard output. You'll actually see this for yourself when you
test the Automobile class.

Now let’s create a program to test the Automobile class. In it, you'll see a
bit of a difference between the way the methods are called here and what
you learned previously. To begin, you need to know how to create an
Automobile object. You create a new Automobile object by calling its
constructor. This is how you create an Automobile object named auto:

Automobile auto = new Automobile(4, 2, “red”);
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This creates a new Automobile object that is red and has four wheels and
two seats. The new keyword is used to tell Java to allocate enough space
for a new Automobile object. The auto variable is assigned to the new
Automobile object. Notice that it is declared to be of type automobile.
Remember earlier when I said that variables are declared to be one of
eight primitive data types or an object reference? Well, here auto is an
object reference that references an automobile object. ’'m using the word
reference here because auto doesn’t actually store the data associated with
the Automobile object directly. Instead, it stores a reference to the object,
which is a memory location where the object is actually stored. From
that, Java knows where to get the object’s data.

After the Automobile object is created, you can access its properties and
methods. The AutomobileTest class tests the automobile class by creat-
ing a new Automobile object, auto, and playing around with its proper-
ties and methods. AutomobileTest calls auto’s startEngine () method

like this:

auto.startEngine () ;

It uses dot notation. The syntax for calling an object’s methods is as
follows:

object_Name.method name(args) ;

First, you use the object name to specify which object’s method you want
to call; then you use a dot (.) to separate the object name from the
method name. Then, within the parentheses after the method name, you
can pass in any arguments that the method accepts. You also use dot nota-
tion to access an object’s properties. For example, to set auto’s color to
black, the AutomobileTest program uses the following statement:

auto.color = “black”;

The syntax for accessing an object’s property is

object_name.property name;
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It’s just like using regular variables, but with the addition of the object
name and the dot to separate the object name from the property name.
Pretty simple, dont you think? Here is the full source code listing for

AutomobileTest.java:

/*
* AutomobileTest
* Tests out the Automobile class

*/
public class AutomobileTest {

public static void main(String argsl[]) {

//create a new Automobile object
Automobile auto = new Automobile(4, 2, “red”);
System.out.println(“Created new automobile:”);
System.out.println(auto) ;
auto.startEngine () ;
System.out.println(

“Started Engine”);
//TI see a red automobile and I want to paint it black
auto.color = “black”;
System.out.println(“Painted it black”);
auto.drive(12.8);
System.out.println(“Drove it 12.8 miles”);
System.out.println(“Here are the results:”);

System.out.println(auto) ;

AutomobileTest isnt complicated at all. In fact, it’s pretty simple. It just
creates an Automobile object, calls its methods, and accesses its member
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variables (properties). It also prints stuff to standard output so you can see
the results of the method calls and property manipulation, as shown in
Figure 2.6.

Understanding Modifiers

Figure 2.6

This sample
program takes the
Automobile
class for

a test drive.

Modifiers specify different class, variable, and method attributes. Access
modifiers define how fields and methods are accessed from other classes.
The access modifier keywords are public, protected, and private. A
class can directly access another class’s public property or method through
dot notation, just like you saw earlier when automobileTest accessed the
properties of the auto object’s properties and methods. The protected
access modifier makes properties and methods accessible only to sub-
classes and other classes within the same package. (You'll learn about sub-
classes in the next section, “Creating Subclasses,” and you'll learn about
packages Sunday evening.) The most restrictive access modifier, private,
makes properties and methods available only within the class that defines
them. For example, if you create a class, Foo, and define a private vari-
able, x, within that class, it will look like this:

public class Foo {

private int x = 1;

5-DOS Prompt

C:\My Documents'wkndjavaich02>java AutomobileTest
Created new automobile:
Humber of wheels:

Engine running: false
Started Engine
Painted it black
Drove it 12.8 niles
Here are the results:
Humber of wheels:

Engine running: true

C:%\My Documents'wkndjavatchd2>
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Then, if you create another class, Manchu, you will not be able to directly
access Foo's x property from Manchu, and the following code will not
compile:
public class ManChu {
public static void main(String argsl[]) {
Foo f = new Fool();

System.out.println(f.x);

A common practice in object-oriented programming is to make most of
a class’s properties private variables and provide public access methods for
getting and setting their values. For example, Foo would provide a
getx () and a setx () method so that other classes could indirectly access

the x property, like this:

public class Foo {

private int x = 1;

public int getX() {

return x;

public void setX(int wvalue) {

x = value;

The Manchu class would change its System.out.println(f.x) state-
ment to

System.out.println(f.getX());
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The preceding is the most basic example of how encapsulation works.
Why would anyone go to the extra trouble? Well, here it makes no dif-
ference because this is just a simple example. What if, instead, you
declared a private variable named age in a class called person? You
wouldn’t want to let anyone set that value to a negative number, would
you? “How old are you?” “Well, I'll be -5 next month.” No, it doesnt
make any sense. So, in your setage () method, you would test the value
of the argument that gets passed in and make a special effort to screen out
any negative numbers before assigning that value to age. You'll learn how
to direct the flow of your program based on the value of variables later
when you learn about conditional statements. For now, know that you’ll
be writing a whole bunch of Java objects, so just stick with it, and it will
all come together.

There is one more modifier I need to cover here. The static modifier
makes a class’s variables and methods accessible without you having to
create any instances of the class. Non-static variables and methods are
called instance variables and instance methods because they are specific to
a particular instance of a class. Static variables and methods are called c/ass
variables and class methods because they belong to a particular class, but
are not specific to any particular instance of a class. Consider the follow-
ing code as an example:

public class Foo {

public static int myStaticInt = 1;

You don't have to create an instance of Foo to get the value of mystaticint.
You can do it using the class name in place of an object name:

int i = Foo.myStaticInt;

You can also access it through an instance of Foo, like this:

Foo f = new Fool();

int i = f.myStaticInt;



SATURDAY MORNING Learning the Basics of Java Programming 79

However, this is not a good practice because someone else who is reading
your code wouldn’t necessarily know that myStaticInt is static, whereas
in the first example it is obvious. By convention, you should always access
static variables and methods using the class name, and not through a spe-
cific object. The following code shows you why accessing static variables
and methods through a specific object gets confusing:

Foo fl1l = new Foo(), f2 = new Foo();
fl.myStaticInt = 5;

System.out.println(“£f2.myStaticInt = “ + f2.myStaticInt);

The output of this code is

f2.myStaticInt = 5

This happens because mystaticInt doesn’t belong to £1 or £2; it belongs
to the Foo class itself. Because all instances of Foo access the same value,
if one Foo object changes the value, then all of the other instances will see
the effects of the change as well. Rewriting the code this way makes it
clearer that you're dealing with a static variable:

Foo fl = new Foo(), f2 = new Foo();
Foo.myStaticInt = 5;

System.out.println(“f2.myStaticInt = “ + f2.myStaticInt);

static methods also belong to the class rather than a specific object.
Because no specific instance is necessary to access the method, only
static variables are directly accessible from within a static method.
The main() method is static; therefore, if, for example, you create a
main () method in the Automobile class, you can’t access Automobile’s
variables or other methods without first creating an Automobile instance.
In other words, you can't do this:

public class Automobile {
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public static void main(String argsl[]) {
startEngine () ;
color = “black”;

}

Neither of the two statements in the main() method are valid because
there is no Automobile instance to work with, and both startEngine ()
and color require a concrete instance. If startEngine () and color were
static, it would be fine, but they’re not. Instead, you have to create a new
Automobile object and access them this way:

Automobile auto = new Automobile();
auto.startEngine() ;

auto.color = “black”;

Now you know why I declared the methods in MethodTest to be static—
so you wouldn’t need to create an object to call the methods. That’s all for
modifiers for this morning. There are others, but I'll explain the others as
you encounter them.

Creating Subclasses

Another great benefit of object-oriented programming is that you can
extend a class by creating a subclass, thereby increasing functionality. The
added subclass inherits the super-classs preexisting functionality. Any
code that you write in the subclass is added to the super-class’s function-
ality. Let’s think about this in terms of the automobile class you wrote
carlier. The Automobile class is a fairly vague class that only generally
defines an automobile. If you want to write a class that defines a more
specific type of automobile, such as a truck, and another one that defines
yet another type of automobile, such as a motorcycle, then you don’t have
to redefine the stuff that’s already defined in Automobile. For instance,
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you don’t have to redefine the variables that hold the number of wheels,
the number of seats, the color, and so on. You don’t have to redefine the
methods either. Instead, you can create a subclass of the automobile
class. This concept is known as inberitance.

To create a subclass, you use the extends keyword in the class signature.
When you extend a class, you automatically get the super-class’s stuff, so
you just need to add to it. Here is the syntax for extending a class:

public class subclass_name extends superclass_name { .. }

For example, this Truck class is a subclass of Automobile:

/*
* Truck
* Demonstrates how to create a subclass by extending
* Automobile

*/

public class Truck extends Automobile {
//already has all fields that it inherited from Automobile
//add some more that are specific to Truck:
private boolean hasTrailer, trailerFull;

private double trailerMileage;

public Truck(String color) {
//call Automobile’s constructor, 10 wheels and 2 seats
super (10, 2, color);
//now take care of the remaining variables
hasTrailer = false;
trailerFull = false;

trailerMileage = 0.0;
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//override Automobile’s drive() method
public void drive(double numMiles) ({
super.drive (numMiles) ;

trailerMileage += numMiles;

//already has all methods that it inherited from Automobile
//add some more that are specific to Truck:
public void attachTrailer() {

hasTrailer = true;

numiWheels += 8;

public void detachTrailer() {
hasTrailer = false;
numWheels -= 8;

public void load() {

trailerFull = true;
}
public void unload() {
trailerFull = false;

public String toString() {
//call Automobile’s toString method
String s = super.toString();

//add more info
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s += “\nHas trailer: “ + hasTrailer;

s += “\nTailer full: “ + trailerFull;

s += “\nTrailer mileage: “ + trailerMileage;
return s;

The Truck class defines two boolean properties, hasTrailer and
trailerFull, and another double property, trailerMileage, tO kcep
track of the number of miles put on the trailer. A typical Truck without a
trailer has 10 wheels and 2 seats; so, instead of allowing those properties to
be passed into the constructor, I removed them from the constructor’s argu-
ment list and passed the hard-coded values to Automobile’s constructor.

The super () method is Javas way of allowing you to make a call to a
super-class’s constructor method. When using the super () call, it must
be the very first line of your subclass’s constructor method. However,
there are a few exceptions. If the super-class has a default no-argument
constructor, you can omit the super () call because Java will generate it
for you in the class file. Another instance in which you don’t have to use
super () is if you use this () instead. Use the this () method to tell Java
to call another constructor of the same class. No matter what, though,
eventually the super-class’s constructor will be called.

If you want to define more than one constructor, you can—as long as
the argument list is different. In short, the number, order, and/or types of
arguments cannot be the same. Here’s a quick example:

public class Monkey extends Primate {

public Monkey () {

this(false, false, false);
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public Monkey (boolean hearEvil, boolean seeEvil,w
boolean speakEvil) {

super (hearEvil, seeEvil, speakEvil);

The Monkey class defines two constructors: one that accepts no argu-
ments, and another that accepts three booleans. If a new Monkey is
created by calling the no-argument constructor, then the values for
hearEvil,seeEvil,and.speakEvil are set to false because the no-
argument constructor calls the three-boolean constructor using three
false arguments. The three-boolean-argument constructor can also be
called directly by the program that is creating a new Monkey, just by
passing in three arguments. So, this gives the option of creating a Monkey
object by not specifying any arguments and getting default values or by
specifying the values directly. The act of specifying multiple methods
with the same name but with a different arguments list is known as over-
loading. You can do this with regular methods as well. The method that
gets called depends on the number and types of arguments you pass.

Now that I've illustrated how to define more than one constructor, let’s
get back to our Automobile example. In addition to creating new con-
structors, Truck also overrides the drive() method. To override a super-
class’s method, in the subclass, define a method with the same signature.
The subclasss method takes precedence and overrides its super-class’s
method of the same name. The Truck’s drive () method calls the super-
class’s drive () method using the following code:

super.drive (numMiles) ;

Truck doesn’t need to rewrite the method entirely. It’s already defined in
Automobile. Truck ﬁmt wants Automobile to pedbnn its drive()
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method and then add one more thing to it. Truck wants to increment the
number of miles on the trailer. Truck also adds some more of its own
methods. The Truckrest program that follows tests the Truck class. You
can see the program’s output in Figure 2.7.

/*
* TruckTest
* Tests out the Truck class

*/
public class TruckTest {

public static void main(String args[]) {
//create a new silver truck
Truck truck = new Truck(“silver”);
System.out.println(“Created a new truck:”);
System.out.println(truck) ;
truck.startEngine() ;
truck.attachTrailer () ;
System.out.println(“Started engine and attached trailer”);
truck.load() ;
System.out.println(“Loaded trailer”);
System.out.println(truck) ;
truck.drive(127.75);
truck.unload() ;
truck.drive(127.75);
System.out.println(“Delivered load 127.75 miles away “
+ “and drove back empty to get another load”);

System.out.println(truck) ;



Figure 2.7

The TruckTest
output shows us
that we've
successfully created
the Truck class
as a subclass of
Automobile.
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M5-DOS Prompt

C:\Hy Documents’wkndjavaich02>java TruckTest
Created a new truck:

Humber of wheels: 10

Humber of seats: 2

Color: silver

Mileage 5

Engine running: false

Has trailer: false

Tailer full: false

Trailer mileage:z 0.0

Started engine and attached trailer
Loaded trailer

Humber of wheels: 18

Humber of seats: 2

Color: si

Has trailer: true

Tailer full: true

Trailer mileage: 0.0

Delivered load 127.75 miles away and drove back empty to get another load
Humber of wheels: 18

Humber of seats: 2

Color: silver

Trailer mileage: 255.5

C:\Hy Documents’wkndjavaichl2>
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All Java classes implicitly extend the object class, which is defined in the java.lang
package.

More about Strings

Earlier this morning, you learned that string is actually a Java class, not
a primitive data type. There are some very useful methods defined in the
String class that make it easier for you to deal with strings in your Java
programs. See Table 2.6 for a listing of some of the more useful string
methods.
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TABLE 2.6 SoME UseruL STRING CLASS METHODS

Method Description

char charAt(int index) Returns the character at the specified
index.

String concat (String str) Concatenates this string with

another and returns the result.

boolean endsWith(String str) Tests whether this string ends with
the suffix str.

boolean equals(String str) Compares this String to another
and returns true if they’re equal.

boolean equalsIgnoreCase(String str) Tests whether this string equals
str, ignoring case.

int indexOf (char c) Returns the integer index of char c at
its first occurrence.

int indexOf (char ¢, int n) Returns the first index of ¢ starting at
index n.

int indexOf (String str) Returns the index of the first occurrence
of str.

int indexOf (String str, int n) Returns the index of the first occur-

rence of str starting at index n.

int length() Returns the length (number of charac-
ters) of this string.

String replace(char cl1, char c2) Replaces all occurrences of c1 with
c2 and returns the result.

String substring(int nl, int n2) Returns the substring of this string
between index n1 and n2.

continued
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TABLE 2.6 SoME UseruL STRING CLASS METHODS

Method

Description

String toLowerCase ()

Converts all letters in this string to lowercase.

String toUpperCase ()

Converts all letters in this string to uppercase.

String valueOf ()

Converts the argument to a String.There are ver-
sions of this method that accept boolean, char,
double, float, int, and long data types.

The stringTest sample program demonstrates how to manipulate Strings.
Take a look at it and then check out the program’s output in Figure 2.8.

/*

* StringTest

* Tests how Strings are used in Java

*/

public class StringTest {

public static void main(String args[]) {

//Declare String alphabet

String alphabet = “a”;
System.out.println(“alphabet = \”a\”;”);
System.out.println(“alphabet: “ + alphabet);
//append (concatenate) some more letters
alphabet += “bcdefg”;
System.out.println(“alphabet += \”bcdefg\”;");
System.out.println(“alphabet: “ + alphabet);

//This will not change the value of alphabet
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alphabet.concat (“*hijklmnop”) ;
System.out.println(“alphabet.concat (\”hijklmnop\”);"”);
System.out.println(“alphabet: “ + alphabet);

alphabet = alphabet.concat (“*hijklmnop”) ;
System.out.println(“alphabet = “

+ “alphabet.concat (\”hijklmnop\”);");
System.out.println(“alphabet: “ + alphabet);
//Complete the alphabet
alphabet += “grstuvwxyz”;
System.out.println(“alphabet += \”grstuvwxyz\”;”);
System.out.println(“alphabet: “ + alphabet) ;
//Play around with some String methods
int r = alphabet.indexOf(‘r’);
System.out.println(“alphabet.indexOf(‘r’); “ + r);
System.out.println(“alphabet.charAt (™ + r + “); "

+ alphabet.charAt(r));
alphabet = alphabet.toUpperCase() ;
System.out.println(“alphabet.toUpperCase(); “

+ alphabet) ;

+ “01234567890123456789012345") ;
System.out.println(“alphabet.subString (7, 9);

+ alphabet.substring(7, 9));
System.out.println(“alphabet.startsWIth(\”a\”); “

+ alphabet.startsWith(“a”));
System.out.println(“alphabet.startsWith (\”A\”); “

+ alphabet.startsWith(“aA”));
System.out.println(“alphabet.startsWith(\”z\”); ™

+ alphabet.startsWith(“z"));
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C:3\My Documents'wkndjavatchD2>java StringTest
alphabet = "a";

ta
+= "bedefg”;
: abcdefg
xt.concat{"hijklmnop™);
> abcdefg
= alphabet.concat("hijklmnop™);
F_ 2 8 : abcdefghijklmnop
1 I i b += “grstuvwxyz";
L :t: abedefghijkImnopqrstuvwsyz
2t index0FC r"3; 17
The +t .charAt(17); r
:t.tollpperCase(); ABCDEFGHIJRLMHOPQRSTUUWEYZ
: Indicesz...ocuuuccnnnns 01234567890123456789012345
StringTest alphabet .subString(7, 93; HI
alphabet. );
prograrn alphabet. 1 ); true
n]an|pu|ates alphabet.startsWith("Z"); false
Strings USing C:\My Documents’wkndjavachD2>
built-in Java

features.

Creating the CalculatorModel and
CalculatorHelper Classes

Starting with this mornings session and continuing through the remain-
der of the book, you will be building a calculator program. As you learn
new things, you'll add to your program. And by the end of the book, the
calculator program will be complete. In this section, using what you've
already learned about object-oriented programming and math, you'll
create the calculatorModel and CalculatorHelper class. For now,
these classes will be very simple, but you will build on them and improve
them as you expand your skills. The purpose of the calculatorModel
class is to keep track of the calculator’s data. The source code follows:

/*
* CalculatorModel
* Encapsulates the data model used by the Calculator
* Application
*/

public class CalculatorModel {
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private double operandl;

private double operand2;

public void setOperandl (double wvalue) {

operandl = value;

public double getOperandl () {

return operandl;

public void setOperand2 (double wvalue) {

operand2 = value;

public double getOperand2 () {

return operand2;

public String toString() {
String s = “operandl = “ + operandl
+ “ operand2 = “ + operand2;

return s;

CalculatorModel defines two private double variables, operandl and
operand2. These are the operands on which mathematical operations are
performed. There are five methods in the calculatorModel class. The
first four in the source code listing—setoperandl (), getOperandl (),
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setOperand2 (), and getOperand2 () —are simply for getting and setting
the values of the two operand variables. Since the variables are private,
these setter and getter methods are the only means of accessing the vari-

ables.

The purpose of the calculatorHelper class is to provide mathematical
functionality for the calculator project. The calculatorHelper class uses
a private CalculatorModel object to keep track of the operands while
the calculatorHelper class performs mathematical operations on the
operands. The source code for the calculatorHelper class follows:

/*
* CalculatorHelper
* A class that performs mathematical functions for a

* Calculator program

*/

public class CalculatorHelper {

//define mathematical operand variables
private CalculatorModel calcModel;
public CalculatorHelper () {

calcModel = new CalculatorModel () ;

public void setOperandl (double value) {

calcModel.setOperandl (value) ;

public void setOperand2 (double value) {

calcModel.setOperand2 (value) ;
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public double add() {

return calcModel.getOperandl ()
calcModel .getOperand?2 () ;

}

public double subtract() {

return calcModel.getOperandl ()
calcModel.getOperand2 () ;

}

public double multiply () {

return calcModel.getOperandl ()
calcModel.getOperand?2 () ;

}

public double divide() {

return calcModel.getOperandl ()
calcModel.getOperand2 () ;

}

CalculatorHelper defines a private CalculatorModel Vaﬂabk,

calcModel. The constructor is a no-argument constructor that simply

initializes the calculatorModel instance. CalculatorHelper provides

two setter methods for calculatorModel’s two operands, setOperandl ()

and setoperand2 (). The four remaining methods, add (), subtract (),

multiply (), and divide (), perform their corresponding operations on

CalculatorModel’s operands and return the resulting values. The

CalculatorHelperTest Ckws,“&ﬂch tests the CalculatorHelper das&

is listed here:
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/*

* CalculatorHelperTest

* Tests the CalculatorHelper class

*/

public class CalculatorHelperTest {

CalculatorHelperTest declares two doubles, a and b, and initializes their
values t0 100.0 and 25. 0, respectively. Then calculatorHelperTest calls
each of the four mathematical methods and displays their results in stan-
dard output. Figure 2.9 shows what the output of calculatorHelperTest

looks like.

CalculatorHelper calcHelper
= new CalculatorHelper();
double a = 100.0,
b = 25.0;
calcHelper.setOperandl (a) ;

calcHelper.setOperand2 (b) ;

System.out.println(a + “ + “
+ calcHelper.add());
System.out.println(a + “ - “

+ calcHelper.subtract());
System.out.println(a + “ * “

+ calcHelper.multiply());
System.out.println(a + “ / “

+ calcHelper.divide());

public static void main(String args([])

+ b

+ b

+ b

+ b

{

w

w

w

w
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Figure 2.9

Don’t worry; the
calculator project
will get better!

Wrapping Up

Whew, that was a lot of work, but you did it! You learned the Java essen-
tials, which you'll use throughout the remainder of this book. You also
started the calculator project, which you’ll continue to work on and
improve this weekend. This afternoon, you'll learn about controlling the
flow of your program using conditionals and loops. You'll also learn about
the java.util package, which provides some very useful utility classes
that will help you write Java programs. You'll also learn about the Math
class, which provides mathematical functions for you. Right now, though,
pat yourself on the back for a productive morning and take a break. We'll
talk again this afternoon.
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his morning you learned the basics of Java programming. Your goal

for this afternoon is to get beyond the basics. First, you'll learn

about conditional statements. Conditional statements allow you to
direct the flow of programs based on certain conditions. When using con-
ditional statements, you test a condition and then write some code that
handles different situations. For example, you might have a method
called withdraw() in an ATM program that accepts a dollar amount as
an argument. You only want to allow a user to withdraw the money if
there is enough money in the account to cover it. If there isn’t enough
money in the account, you probably will not allow the withdrawal, and
you will display a message to the user indicating that there are insufficient
funds in the account. To do this, you have to write code that handles both
situations. In this instance, you test whether the given withdrawal
amount is less than the amount in the bank account. If the withdrawal
amount is less than the total amount in the account, you direct the
program flow to the code that handles the withdrawal. Conversely, if the
withdrawal amount is more than the total amount in the account, you
direct the program flow to the code that displays the error message to the
user. Java supports multiple types of conditional statements, all of which
you'll learn about this afternoon.

Next, you'll learn about loops. Loops are sections of repeatable code.
Loops have many different uses. To understand these uses, consider print-
ing all of the elements of an array. You could do it the long way and print
them one at a time; but, if there were one hundred elements in the array,
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Defining

it would take one hundred Java statements to accomplish the task. That’s
not very efficient! With loops, you can use a variable to store the array
index and a single statement to print one element of the array. You put
the statement in a loop so that the code repeats itself, incrementing the
index variable each time until the entire content of the array has been
printed. Java supports more than one type of loop, and you'll learn about
them all this afternoon.

The remainder of this afternoon’s session covers some useful classes that
are included in the standard edition of the SDK. The java.util package
includes utility classes that make your programming life much easier. The
Math class defines methods that perform mathematical operations for you.

Finally, you'll wrap up this afternoon’s session by applying some of what
you learn this afternoon to the calculator project.

Conditions

Java has three different types of conditional statements: the if statement,
the switch statement, and the ternary conditional statement. In this
section, you'll learn how all three of these statements allow your program
to react to different situations (conditions). Before getting into the syntax
and use of conditional statements, you should know about numerical
comparison operators and conditional operators, which is why they are
covered first. Comparison operators and conditional operators are used as
part of a conditional statement. All conditions evaluate to one of the two
boolean values, true or false. A condition can be expressed as a
boolean literal, boolean variable, or any method or expression that eval-
uates to a boolean value. After you learn how to define conditions in
Java, you'll move on to learn the actual conditional statements.

Numerical Comparison Operators

The four numerical comparison operators, also called relational operators,
are <, <=, >=, and >. They are used for comparing numerical data. The
type of each of the operands must evaluate to a primitive numerical type,
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such as int, long, float, or double. The operand on the left side of the
operator is compared to the operand on the right side of the operator.
The result is evaluated as a boolean value. There are also two operators
that are used to test for equality. They are equal-to (==), and not-equal-
to (1=). They can be used not only for numerical comparisons, but also
for comparing booleans and object references. These operators are
described in Table 3.1. Note that x and y in the first four rows of the table
can represent any numerical value, and in the remaining two rows, they
can represent any numerical value, boolean value, or object reference.
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When comparing the equality of object references, keep in mind that you are not com-
paring the states of the two objects. Instead, you are comparing whether the two vari-
ables reference the same object—that is, they point to the same memory location. If
they are two identical objects, they are still considered unequal when compared using
the == operator. There is a way to test for equality of two objects using the equals ()
method, which you'll learn about a bit later.

TABLE 3.1 CoMPARISON OPERATORS

Operator Syntax Description

< X <y Result is true if x is less than y; otherwise, it is false.

<= X <= y Result is true if x is less than or equal to y; otherwise, it is false.

>= X >= y Result is true if x is greater than or equal to y; otherwise, it is
false.

> X >y Result is true if x is greater than y; otherwise, it is false.

== X == y Result is true if x is exactly equal to y; otherwise, it is false.

= x =y Result is true if x is not exactly equal to y; otherwise, it is false.
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The syntax for these operands is fairly simple; the comparison operator is
placed between its two operands. Here are some examples:

1 <2

1 <= 2

1 <=1

1 ==1

10 >= 1

1 1= 2

true == true
false == false
true != false

The previous examples all evaluate to true. Here are some examples that
are false:

19.1 <= -10.01

4 == 5

5 =5

true == false
false != false
true != true

As you know, the value of all conditional expressions is boolean. This
means that you can assign the value of a conditional expression directly
to a boolean variable. For example, you can create a boolean variable
called isxLessThany and assign the value of the conditional expression
x < vy to it, like this:

int x = 1, yv = 2;

boolean isXLessThanY = x < y;
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In this instance, the value true is assigned to isXLessThany.

Conditional-AND and Conditional-OR Operators

TIP

The conditional-AND operator (&&) and the conditional-OR (| |) oper-
ator are operators that link conditional expressions together to form
compound conditional expressions. The results of these expressions are
also boolean values. Both of the operands must also be boolean values.
The syntax for the conditional-AND operator is as follows:

conditionl && condition2

The value of this expression is true if and only if both condition1 and
condition2 are true. If either one or both of them are false, then the
value of the entire expression is false. Take being a father as a concep-
tual example. To be a father, you must be a man, and you must have chil-
dren. If either one of these conditions is false, you are not a father. A
woman cannot be a father, nor can a man who is childless.

The conditional-AND operator has a short-circuit property. When you
use the conditional-AND operator, the left side is evaluated first. If the
left side of the conditional-AND operation is false, the right side is
ignored. Once it is determined that the left side is false, there is no need
to evaluate the right-hand side because the value of the expression is def-
initely going to be false.

H HE H E N EEEE NN EEEEE NN EEEEEEEEEEEEGSRE
You can use the short-circuit property of the conditional-AND operator to your advan-
tage. For example, to avoid runtime errors that occur when you exceed the bounds of an
array (ArrayIndexoutOfBoundsException), type

myIntArray.length > 1 && myIntArray[l] == 4.

If myIntArray.length is not greater than one, then myIntArray[1] == 4 iS
never evaluated, which is a good thing. Your program will crash if you try to access an

array element outside of the array’s bounds.
H E E NN E NN NN NN NN NN NN EEEEEEEEEEHE
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The conditional-OR operator also must have boolean operands. At least
one of the operands must be true for the result to be true. If both of the
operands are true, then the result is also true. This differs from XOR
(exclusive-OR), where the result is true if one and only one of the
operands is true. As a conceptual example of the conditional-OR logic,
consider what it takes to see an R-rated movie. You must either be over
17 or an adult must accompany you. One or the other (or both) will do
fine. If you don’t meet either of the two conditions, you'll be stuck watch-
ing Harry Potter.

The conditional-OR operator also has a short-circuit property to it. If the
left-hand side is true, the right-hand side is ignored because no matter
what the value of the right-hand side is, the result of the entire operation
will be true. There is no need to check the right-hand side.

Boolean Logical Operators

There are some other operators that work similarly to the conditional-
AND and conditional-OR operators. They can get confusing because
they have other uses as well. These operators (logical-AND, logical-OR,
and logical-XOR) are called Boolean logical operators or integer bitwise
operators, depending on the type of operands on which they are operat-
ing. If the operands are booleans, then the operators are Boolean logical
operators, but if the operands are integers, they are integer bitwise oper-
ators. I'll go over their Boolean logical uses first.

The logical AND operator, which is represented as a single ampersand
(&), works almost exactly the same way as the conditional-AND operator.
It results in true if both of the operands are true. It results in false in
any other case. The difference is that both operands are always evaluated,
even if the left side is false. In short, the logical-AND operator does not
have the short-circuit property of the conditional-AND operator.

Similarly, the logical-OR operator, which is represented as a single pipe
character (), also lacks the short-circuit property. The right-hand side of
the logical-OR operator is always evaluated, even if the left side is true.
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The logical- XOR (») operator is like the logical-OR operator; however,
there is an important difference. Exclusive-OR logic requires that one and
only one of the operands is true for the result of the operation to be true.
If both of the operands are true, the result is false. Check out Table 3.2
for an easy place to compare the conditional and logical operators.

When the operators &, |, and ~ operate on integers, in other words when
they are used as integer bitwise operators, they work at the binary level.
Computers represent all information as a series of bits that are either on
(1) or off (0). To keep consistent with the logic used in this section, think

TABLE 3.2 CONDITIONAL AND BooLEAN LocicaL OPERATORS

Operator Name Examples Results
&& Conditional-AND false && false false
false && true false
true && false false
true && true true
|| Conditional-OR false || false false
false || true true
true || false true
true || true true
& Logical-AND false & false false
false & true false
true & false false
true & true true

continued
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TABLE 3.2 CONDITIONAL AND BooLEAN LocicaL OPERATORS

Operator Name Examples Results

| Logical-OR false | false false
false | true true
true | false true
true | true true

A Logical-XOR false ~ false false
false ”~ true true
true ~ false true
true * true false

of 1 as being true and 0 as being false. Thinking of it that way illus-
trates the similarities between integer bitwise operators and Boolean

logical operators. The bits are compared one at a time and the resulting

bit is either one or zero, depending on the operator being used and the

values of the bits of the operands. Here are some examples and the result-

ing values (note that these are binary representations of integers—for

example, 1010 is 10, and 1100 is 12).

Operation Result
1010 & 1100 1000
1010 | 1100 1110

1010 ~ 1100 0110

- came ==
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The operation 1010 & 1100 results in the value 1000. Here’s why: The
first bit of the first operand is 1, and the first bit of the second operand is
also 1. If you think of the operation as true & true, then you can under-
stand that the result is also true, (1). Following this logic pattern, 0 & 1 is
0,1 & 0is0,and 0 & 0 is 0, so the result is 1000. You should be able to
apply this logic to understand the bitwise-OR and bitwise-XOR results.

In the previous example, I represented the integers in their binary form.
In case youre curious about their decimal values, here is the same
example, but in decimal format.

Operation Result
10 & 12 8
10 | 12 14
10 ~ 12 6

If you dont quite understand why these operators would ever be used,
don’t worry about it. In most Java programs, they are never used, and you
won't see them anywhere else in this book. However, if you should ever
encounter them, you'll at least have an idea of what they do.

The Logical Compliment Operator

The logical compliment operator is represented by the exclamation point
(1). It is sometimes referred to simply as 7zoz. It reverses the value of a
boolean. SO, ltrue, said “not true,” 1s false, and Ifalse, said “not
false,” is true. It can be used in front of boolean variables like this:

myBoolean = !myBoolean;

This operation would reverse the value stored in myBoolean. The
boolean compliment operator can also be used in front of anything that
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results in a boolean value, such as a call to a method that returns a
boolean, or any conditional operation—for example:

ImyObject.isOK() && ! (x < vy)

In this example, the result will be true if myobject.isok() (which rep-
resents a method that returns a boolean) returns false (the logical com-
pliment operator will reverse the returned boolean to be true) and x < y
returns false. The logical compliment operator will also reverse the right
side of the conditional-AND operator and make it true.

Object Comparison: equals() and instanceof

Two other operations are commonly used in conditional statements, and
they are used to compare objects. They are the equals () method and the
instanceof operator. Recall that when the equality operator (==) is used
on object operands, the result is true only if both variables reference the
same exact object. But there is a way to test for value equality of two dif-
ferent objects. This is done through the use of the equals() method,
which is defined in the object class, the super-class of all Java objects.
The syntax for this method is

object.equals (anotherObject)

The equals() method accepts an argument of type Object and returns
true if the value of the given object is equal to object. The equals ()
method in the object class is strict, however, and returns true if and
only if the == operator also returns true. So, even if the values of all of
the members of an object are identical, the equals () method will return
false. To get around this, override the equals () method and define, for
yourself, what makes two different objects equal to each other. Here is a
simple example of this:

public class MyObject {

int x;
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public boolean equals (Object otherObject) {
return otherObject instanceof MyObject

&& ((MyObject)otherObject).x == this.x;

In this example, objects of the Myobject class are considered equal if the
x member variables of both objects are equal to each other. The value that
is returned is the result of a conditional operation, otherobject
instanceof MyObject && ((MyObject)otherObject).x == this.x.

Notice the instanceof operator. The syntax for the instanceof opera-
tor is

anObject instanceof aClass

An object, represented here as anobject, goes on the left-hand side. The
name of a class, represented here as aclass, goes on the right-hand side.
If the object is an instance of the class, or a subclass of the class, the result
is true; otherwise, it is false. | needed to use instanceof here because
the argument to the equals () method is of type object. This means that
any Java object can be passed in. (For example, you can pass in a String.)
So, the instanceof operator is used here to make sure that the argument
given is at least an instance of Myobject. If it’s not, then there is no way they
can be equal. Remember that the conditional-AND operator has a short-
circuit property, so the right-hand side is only evaluated if otherobject is
an instance of Myobject. Before you can reference the x variable, you
have to cast the given oObject to MyObject with the code
( (MyObject)otherObject) .x. This is because the x wvariable is not
defined in the object class; it is defined in Myobject. It is a good idea to
override the equals() method any time you create an object. I will not
do this in the examples in this book for the sake of brevity, but keep this
in mind, especially if you ever need to test for object equality in this way.
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Using Conditional Statements

Now that you understand how to construct conditional operations using
conditional operators and boolean values, you can put them to use in
conditional statements. First, I'll go over the if statement and how to
build if-else structures. Then I'll move on to switch statements. After
that, I'll show you how to use the ternary conditional operator, which is
a shortcut that you can use for some simple conditional assignments.

The if Conditional Statement

The if statement evaluates a conditional expression and directs the flow
of the program so that a block of statements executes only if the condi-
tion evaluates to true. To write an if statement, use the if keyword.
First, you specify a condition within a set of parentheses. Then you begin
a block of code using the familiar opening curly brace. Within this block
of code, you define Java statements that should execute only if the con-
dition is true. Finally, you close the block with a closing curly brace and
resume the remainder of your program. The syntax for an if statement is

if (condition) {

//statements if condition is true

For the condition—any conditional expression that you've learned so
far—a boolean or a method that returns a boolean will work. As a quick
example, here’s how you would print "My number is even.” only if a
number is, in fact, even:

if (myInt % 2 == 0) {

System.out.println(“My number is even.”);
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Here, myInt is an int variable that contains any integer value. You test
whether it is even with the modulus operator. If an integer is evenly divis-
ible by two, the remainder will be zero and the number is even. If the
number is even, then the condition myInt % 2 == 0 will be true, and
the program will spit out the appropriate message. If not, then the
program will keep its mouth shut.

If you want to test this for yourself, try writing the 1fTest program. First,
it generates a random number between zero and one hundred. Next, it
tests whether that number would be considered a passing grade. If the
grade is passing, it prints out that fact. If the grade is not passing, that
message never gets printed. Here is the source code:

/*
* IfTest
* Demonstrates how to use the conditional if statement

*/
public class IfTest {

public static void main(String args[]) {
//Generate a random number between 0 and 100
double grade = Math.random() * 100;
System.out.println(“I totally guessed the answers “ +
+ “ and got a “ + grade);
if (grade >= 60) {

System.out.println(“I actually passed!”);
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Figure 3.1

The message
is printed only
if the grade is

greater than or

equal to 60.

The double variable, grade gets a random number through the use of the
Math.random() method, which generates a number greater than or equal
to 0.0, and very close to but less than 1.0. This program multiplies that
number by 100 so that the random number is greater than 0.0, but less
than 100.0. The if statement tests grade to see whether it is greater than
or equal to 60. If it is, then the condition grade >= 60 is true, and the
message “I actually passed!” is printed. If grade is not 60 or greater,
then that code is skipped and the program ends. Later today, you'll learn
more about the Math class and about some more of its useful methods.
The output for the 1fTest program can be seen in Figure 3.1.

To use a boolean variable as the condition of an if statement, just put
that variable in the parentheses.

if (myBooleanVariable) {

//statements if myBooleanVariable == true

WMy Documents‘wkndjavadchl3>java IfTest
totally guessed the answers and got a 38.3036579769319%7

:\My Documents‘wkndjavadchl3>java IfTest
totally guessed the answers and got a 54.86760214692163

WMy Documents‘wkndjava'chl3>java IfTest
totally guessed the answers and got a S0.98%08722763278

:\My Documents‘wkndjavadchl3>java IfTest
totally guessed the answers and got a 68.72619169748232

actually passed!

%My Documents‘wkndjavaichl3>
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Using a method that returns a boolean is just as easy.

if (isMyBooleanMethod()) {

//statements if isMyBooleanMethod() returns true

The if - else Structure

The if statement works pretty well to provide a fork in the program flow,
but it only accommodates one situation: true. The else keyword is a
way to define an alternate path for a program to follow if the condition
defined in the if statement is false. The structure for using else is

if (condition) {
//statements if condition is true

}

else {

//statements if condition is false

First, write the if statement as you learned earlier. Then you must place the
else keyword immediately following the closing brace of the if statement.
Only white space and comments can be between the closing brace of the
if statement and the else keyword—Java code doesn’t belong there. After
the else keyword, you define a block statement within curly braces. The
statements in this block only execute if the condition passed to the if state-
Incntisfalse.Forexanqﬂe,u)pﬂnt“My number is even.” if a number
is even or to print "My number is odd.” do this:
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if (myInt % 2 == 0) {

System.out.println(“*My number is even.”);
}
else {

System.out.println(“*My number is odd.”);

The if statement looks exactly as it did in a previous example. The differ-
ence here is after the if statement, in the else part. If myInt is even, then
"My number is even.” is printed. If myInt is not even (therefore, it must
be odd), "My number is odd.~” is printed instead. Exactly one of these mes-
sages will be printed. There is no possibility for neither of them to be printed
or for both of them to be printed. Here’s a full example:

/*
* IfElseTest
* Demonstrates how to use the conditional if-else structure

*/
public class IfElseTest {

public static void main(String args[]) {

//Generate a random number between 0 and 100

double grade = Math.random() * 100;

System.out.println(“I totally guessed the answers “
+ “and got a “ + grade); if (grade >= 60) {
System.out.println(“I actually passed!”);

}

else {

System.out.println(“I bombed!”) ;



Figure 3.2

The
IfElseTest
program uses the
if-else
structure to print
different messages
depending on the
value of the grade.
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This program is the same as the IfTest program shown earlier, with the

addition of the else structure. This program prints *I actually passed!”

if grade is greater than or equal to 60. If it’s less than 60, then the message

“I bombed!” is printed instead. You can see the output in Figure 3.2.

The if-else structure gives you two alternate paths based on a single

condition. You can also define multiple paths by implementing multiple

if-else structures back to back, like this:

if (condition) {

//statements if condition is true

}

else if (condition2) {

//statements if condition is false and condition2 is true

}
else if (condition_n) {

// ..etc

%My Documents‘wkndjavaichl3>java IfElseTest
totally guessed the answers and got a 56.075880774193585
bombed!

%My Documents‘wkndjavaichl3>java IfElseTest
totally guessed the answers and got a 43.83%06880552306
bombed!

%My Documents‘wkndjavaichl3>java IfElseTest
totally guessed the answers and got a 65.17734412673516
actually passed!

%My Documents‘wkndjavaichl3>java IfElseTest
totally guessed the answers and got a 33.54653177891285
bombed!

:\My Documents‘wkndjavalch3>_
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else {

//statements if all other conditions are false

You start out with an if statement, and then follow with else. After the
else keyword, you can define another if statement, then another else
statement, and then another if, and then another else, and so on. When
a program reaches such a structure, it will execute only one of the condi-
tional blocks of code. Basically, it will traverse through the structure undil it
reaches the first true condition, and then it will execute the related block
of code. After it does so, it breaks out of the structure and continues on.
The 1£E1seTest2 program demonstrates this. Here is the source code:

/*
* IfElseTest2
* Demonstrates a nested if structure.

*/
public class IfElseTest2 {

public static void main(String args[]) {
//Generate a random number between 0 and 100
double grade = Math.random() * 100;
System.out.println(“I totally guessed the answers “
+ “and got a “ + grade);
if (grade >= 80) {
System.out.println(“I actually passed, “
+ “and did quite well!”);
}
else if (grade >= 60) {



Figure 3.3

The
IfElseTest2
program shows
how to nest i f-
else statements.
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System.out.println(“I actually passed, “
+ “but didn’t do that great.”);
}
else if (grade >= 40) {

System.out.println(“*I should have studied!”);

}
else {

System.out.println(“I bombed!”);
}

This program uses the i f-else structure to print four different messages,
depending on the value of grade. Take note that after the program
reaches the first true condition and executes the corresponding block of
code, it breaks out of the if-else structure altogether and does not eval-
uate any of the other conditions. So, if grade was 90, it will pass the first
condkknL grade >= 80,and.“1 actually passed, and did quite
well!” will be printed. Even though the following condition, grade >=
60, is also true, it doesn’t matter because it won't get evaluated if the first
condition is true. Check out the results of the test program in Figure 3.3.

M5-DOS Prompt

\My Documents'wkndjavaichl3>java IfElseTest?
totally guessed the answers and got a 50.5%711015%05817
should have studied!

WMy Documents‘wkndjavaichD3>java IfElseTest2
totally guessed the answers and got a 75.160309%0813%7
actually passed, but didn’t do that great.

%My Documents'wkndjavaich03>java IfElseTest?
totally guessed the answers and got a 91.499945618217227
actually passed, and did quite well!

:\My Documents'wkndjava‘chl3>java IfElseTest2
totally guessed the answers and got a &.54%60%406801600
bombed!

WMy Documents'wkndjavaich03>
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The switch Conditional Statement

Although the switch statement is like the 1f statement, it works a bit dif-
ferently. The switch statement tests the value of an expression and exe-
cutes different statements based on the value of that expression. The
expression must evaluate to a char, byte, short, or int. If it doesn’t, the
program will not compile. This is different from the if statement, where
the expression must evaluate to a boolean. Inside the switch statement,
which is enclosed within curly braces, you define case labels using the
case keyword followed by the value to test against the expression. If the
expression is equal to the case value, all of the statements that follow the
case value will be executed until the program encounters a break state-
ment or the end of the switch statement. Here is the syntax for the
switch statement:

switch (expression) {

case value_1:
statements_for value_1;
break; //(optional)

case value_2:
statements_for value_2;
break; //(optional)

case value_3:
statements_for value_3;
break; //(optional)

default:

statements_for default;

The switch keyword is followed by an expression within parentheses. Then
you open the switch block using the opening curly brace and put the case
labels within the switch statement. To construct a case label, you use the
case keyword and follow it with a possible value for the expression. After
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the possible value, you put a colon. The program will look for the first pos-
sible case value that matches the value of the expression and will execute
the matching case statements that appear after the colon. The break
keyword is used here to break out of the switch statement.

So, in the previous syntax example, if expression evaluates to the value
value_2, the program will execute statements_for_value_2;. Then it
will come to the break statement (which is optional) and completely
break out of the switch statement. Finally, the program will execute any
statements that come after the closing curly brace. The default case, spec-
ified by the dgefault keyword followed by a colon, is optional. It’s there
for situations in which none of the case values match the expression.
Statements that should execute by default are defined inside the default
case. There are only two ways for a program to get to this point: either
none of the case values match the expression or no break statements
were used in the cases that precede the default case. The switchTest
program demonstrates the use of the switch statement.

/*
* SwitchTest
* Demonstrates the use of the switch statement

*/
public class SwitchTest ({

public static void main(String args[]) {
System.out.println(“*Rolling Die...”);
//get a random number between 1 and 6
int die = (int) (Math.random() * 6 + 1);
String s = “\n ----———- ",
switch (die) {
case 1:

s += \\\n| "



s += “\n| * | ”;
s += “\n| [ ”;
break;

case 2:
s += “\n| * |
s += “\n| |7
s += “\n| * | ”;
break;

case 3:
s += “\n| * |y
s += “\n| * |7
s += “\n| * | ”;
break;

case 4:
s += “\n| * * |
s += “\n| |7
s += “\n| * * |
break;

case 5:
s += “\n| * * |
s += “\n| * | ”;
s += “\n| * * |
break;

case 6:
s += “\n| * * |
s += “\n| * * |
s += “\n| * * |
break;

default:

//should never get here

— e e—
’——
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s += “\n| |
s += “\n| ? | ”;
s += “\n| |
}
s += “\n ------- "

System.out.println(s);

As you can see, the switchTest program generates a random number
from 1 to 6 (inclusive) and stores it in the die variable. Then it uses a
switch statement to construct a textual picture that represents the face of
a die. If the random number value is 1, the program executes the state-
ments within case 1:; if it’s 2, then case 1: is Skipped and case 2:
gets executed, and so on. Each case includes a break statement to break
out of the switch statement. This ensures that only one of the cases gets
executed, no matter what. I used the default case to print a question
mark if we get an unexpected value, but because all of the cases are
handled within case statements, we should never reach the default
statement. The switchTest output can be seen in Figure 3.4.

C:3\My Documents‘wkndjavatchD3>java SwitchTest
Rolling Die...

Figure 3.4
The

SwitchTest C:3\My Documents'wkndjavatchD3>java SwitchTest
program generates | ki eel
a random number
and uses a
switch
statement to bu||d C:\My Documents‘wkndjavaich03>
a text picture to
represent the
rolling of a die.
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What happens if you don’t use the break statements? In the event that there
are no break statements, the switch statement will behave as follows: The
program will search the switch statement for the very first correct case
value and execute the statements defined there. Because there is no break
statement to break out of the switch statement, the program will continue
to execute all of the case statements that follow the first correct case value
statements, including the default case. This behavior is better illustrated

in the switchTest2 program code and its subsequent output:

/*

* SwitchTest2

* Demonstrates how the absence of break statements affects

* gswitch statements
*/

public class SwitchTest2 {

public static void main(String argsl[])

{

//create a random number between 1 and 5

int n = (int) (Math.random()

System.out.println(“The number “

switch(n) ({

case 5:

System.out.println("“..

case 4:

System.out.println("“..

case 3:

System.out.println("“..

case 2:

System.out.println("“..

default:

System.out.println("“..

* 5 + 1);

.is

.is

.is

.is

.is

+ n + “..

greater

greater

greater

greater

greater

)

than

than

than

than

than

4");

3”),.

2");

17);

0”),.
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In the switchTest2 program, the switch statement doesn’t use any
break statements. The program generates a random number from 1 to 5
and stores it in the n variable. Then n is used as the expression for the
switch statement. The program searches through the case statements for
the value that matches n. All of the statements that follow the correct
case will be executed. So, for example, if n is 3, the program will execute
case 3, case 2, and default. Ifn is 4, the program will execute case
4, case 3, case 2, and default, and so on. Check out the results in
Figure 3.5 to see what this means to your screen output.

The Ternary Conditional Operator

Figure 3.5

The
SwitchTest2
program
demonstrates what
happens when you
don’t use break
ina switch
statement.

There is one more conditional statement that you need to learn: the
ternary conditional operator. The ternary conditional operator is a short-
cut for a conditional assignment operation. The conditional operator
takes a boolean argument and executes one of two statements based on
the truth or falsity of the boolean argument. The syntax is as follows:

condition ? expression true : expression false;

C:\My Documents'wkndjavachl3>java SwitchTest2
The number &._.
-..15 greater than 3

is greater than 2

s greater than 1

s greater than 0

C:\My Documents‘wkndjavaichD3>java SwitchTest2
The number -
...is greater than 0

C:\My Documents'wkndjavatch03>java SwitchTest?
The number -

greater than &

greater than 3

greater than 2

greater than 1

greater than 0

Documents'wkndjavaich03>
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As you can see, a conditional expression is followed by a question mark.
Then two expressions follow the question mark. A colon separates these
expressions. If the condition evaluates to true, the first expression (on the
left side of the colon) executes. If the condition evaluates to false, then
the second expression (on the right side of the colon) executes instead.
The conditionalTest program uses the ternary conditional operator.
Here is the source code:

/*
* ConditionalTest
* Demonstrates the ternary conditional operation

*/

public class ConditionalTest {
private int myNum;
//establish a min:max range for myNum
public final static int MIN = O,

MAX = 10;

public static void main(String args[]) {
ConditionalTest test = new ConditionalTest () ;
System.out.println(“Setting myNum to 5...7);
test.setMyNum(5) ;
System.out.println(“*myNum = “ + test.getMyNum());
System.out.println(“Setting myNum to -3...7");
test.setMyNum(-3) ;
System.out.println(“*myNum = “ + test.getMyNum());
System.out.println(“Setting myNum to 11...7");
test.setMyNum(1l1l) ;
System.out.println(“*myNum = “ + test.getMyNum());
System.out.println(“Setting myNum to 10...");

test.setMyNum(10) ;
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System.out.println(“*myNum = “ + test.getMyNum());

/* This setter method enforces the range.
* If the arg is out of range, MIN is used instead */
public void setMyNum(int value) {

myNum = (value >= MIN && value <= MAX) ? value : MIN;

public int getMyNum() {

return myNum;

The conditional statement in the conditionalTest program appears in
the setMyNum () method. It makes sure that the given argument, value,
falls within the MIN / Max range. If the argument does fall within that
range, the program assigns value to myNum. If not, then it assigns the
default valid value m1In.

i HE E E E E N EEEEEEEEEEEEEEEEEEEEEEEECGRN
I should also point out here that the conditionalTest program is a good example of
encapsulation. The variable mynum is hidden from the outside world with the private
access modifier. The only access to this variable is given through the getMyNum ()
and setMyNum () methods. The conditional operator tests the given value in the
setMyNum () method to make sure that it’s valid. If the argument is valid, then the method
happily sets myNum to the argument value. If not, it assigns a default valid value on its

own. This is a very common practice in object-oriented programming.
H E E NN E NN NN NN NN NN NN EEEEEEEEEEHE

Just to give you an idea of how the ternary conditional operator works as a
shortcut, compare it to an if statement. If an if statement is used instead
of the conditional operator, the code will look like this:
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if (value >= MIN && value <= MAX) {

myNum = value;

else {

myNum = MIN;

See Figure 3.6 to examine the output of the conditionalTest program.

A Note about Comparing Strings

Figure 3.6

The
Conditional
Test program
uses the ternary
conditional
operator to assign
only valid values to
the myNum
member variable.

You learned how to use the == operator to compare primitive data types.
Comparing objects works a bit differently. This section goes over how to
compare String objects. The information covered here actually applies
to all objects (not primitives). I chose the string object in this case
because some Java syntax makes it seem like strings are primitive data
types, when they’re actually not. string is the only object that can be
created without directly calling the constructor. For example, you can
create a String object like this:

String myString = “You have six fingers on your right hand.”;

C:3\My Documents'wkndjavatchD3>java ConditionalTest

C:3\My Documents'wkndjavatchD3>
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Java does not force you to explicitly call the string() constructor
method, but you can do so like this:

String myString = new String(“Someone was looking for you.”);

This second assignment is more intuitive because it shows that string is
an object and not a primitive. But it’s very uncommon to call the con-
structor because it’s unnecessary. Just keep in mind that all strings are
objects, and you'll be fine.

There can be some confusion when comparing objects (especially
Strings). You already learned the equals () method and know that you
should not compare objects using the == operator unless you are testing
whether both variables reference the same exact object in memory (where
only one object exists, and both variables point to it). The reason for this
is that object variables actually contain a memory location to the object,
rather than the actual object itself. The confusion comes when string lit-
erals are involved in comparison operations. For example, it might seem
like a good idea to test whether a string (s in this example) is equal to
“Indigo,” as shown here:

if (s == “Indigo”) { //do something }

The problem is that this doesn’t always work. Why did I use the word
always here? Sometimes it works and sometimes it doesn’t. No, it’s not a
bug in the Java interpreter! Understanding how Java handles strings is
the key to understanding why this works only sometimes. Java treats all
Strings, including string literals, as objects. If two occurrences of the
same String literal appear, only one string object is created from the
two identical strings. For example, the following code segment would

pﬂnttrue:
String sl = “To the pain”;
String s2 = “To the pain”;

System.out.println(sl == s2);
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Given the same assignments for s1 and s2, the statement
System.out.println(sl == “To the pain”); will pﬂnt true.
Nothing confusing yet, right? Okay, say that a third variable is declared
and set this way:

String s3 = “To “;

s3 += “the pain”;

Even though the values are equal, the following two statements both print

false:
System.out.println(sl == s3);
System.out.println(s3 == “To the pain”);

The Java interpreter sees the two “To the pain” Strings and makes
them one single object. s1 and s2 both store the memory location for the
same object and are, therefore, equal to each other. s3, on the other hand,
is constructed differently. It’s constructed in two separate pieces, so even
though the string that it references has the same value as the string
that s1 and s2 reference, they point to two separate, but equal, objects.
If you need to test the value of a string, use the equals() method
instead of the == operator. Keeping with the same example, the following
two statements both print true:

System.out.println(sl.equals(s3));

System.out.println(s3.equals(“To the pain”));

To further illustrate this concept, check out the stringCompareTest
program:
/*

* StringCompareTest

* Demonstrates why you should use equals() to compare strings

*/
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public class StringCompareTest {

public static void main(String args[]) {

129

String strl = “Hello”;
System.out.println(“String strl = \”Hello\”;”);
System.out.println(“strl == \”"Hello\” is ™

+ (strl == “Hello”));
String str2 = “Hello”;
System.out.println(“String str2 = \”"Hello\”;”);
System.out.println(“strl == str2 is “ + (strl == str2));
String str3 = new String(“Hello”);
System.out.println(“str3 = new String(\”Hello\”);”);
System.out.println(“str3 == \”"Hello\” is ™

+ (str3 == “Hello”) );
System.out.println(“strl.equals(\”Hello\”) is ™

+ strl.equals(“Hello”));

System.out.println(“str3 == strl is “ + (str3 == strl));

System.

+

w

out.println(“str3.equals(strl) is

str3.equals(strl));

Before you look at the output in Figure 3.7, try and figure out what the
output should be based on what you just learned. Always keep in mind
that you should use == for comparing object references only if you are
checking to see whether two variables reference the same object. Use
equals () if you want to check whether two different objects have the
same values. Remember that whoever created the class for the object
youre testing must have overridden the equals () method correctly for

the return value to be accurate.
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Figure 3.7

The String
CompareTest
demonstrates why

you should use

the equals ()
method to compare
String objects.

12 M5-DOS Prompt

ello” 1s false
.equals(“Hello™) is true
== stri1 is false
.equals(str1) is true

C:3\My Documents'wkndjavatchD3>

Repeating Code Using Loops

Loops are repeatable blocks of code. Loops are very helpful because they
allow you to get a lot of work done using a minimal amount of code. For
example, you might write a loop in a payroll program that cuts a check
for all employees. You'd start with the first employee to begin the loop.
Inside of the loop, you write the code that generates a check for one
employee, then you go to the second employee (for example, in an array
of employees), and then go back to the beginning of the loop and gener-
ate a check for the second employee. The loop repeats to do the same
thing for the next employee, and so on until all of the employees have a
check waiting for them. This section covers how to create repeatable
blocks of Java code using for loops, while loops, and do-while loops.

The for Loop

The for loop is used when a loop needs to repeat a determined number
of iterations. For example, it is very common to use the for loop to loop
through an array. The number of times the loop must repeat itself is equal
to the length of the array. When looping through an array, you initialize
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an int variable that represents the index for the array elements. To begin,
start the index at zero, which is the first array element index. Then each
time you go through the loop, add one to the int variable so that the
index references the subsequent elements of the array. You continue to do
this until the index is equal to the array length. (Remember that the last
index of an array is the array’s length minus one.)

The for loop is designed especially for this kind of need. In a for loop,
you declare a variable and set its initial value. You also specify what value
of the variable should signify the end of the loop and the amount that the
variable should change after each iteration of the loop. (Each time
through a loop is called an #zeration.) In short, to create a for loop, you
use an initialization expression, a stop conditional expression, and an
increment value. The syntax for a for loop is

for (initial value; condition; increment) {

repeated statements;

The for keyword starts the for loop. Then the initialization expression,
the termination condition, and the increment expression are defined
within parentheses. First comes the initial value. Usually, this is where
you declare and initialize the variable that is used as a loop counter. You
end the initialization section with a semicolon. Next, you define the con-
dition. Any condition that evaluates to a boolean value can go here.
Before each iteration of the loop, this condition is tested. The loop will
continue to repeat itself only while the condition evaluates to true. The
condition usually compares the variable declared in the initialization
section to some maximum value or cap value so that the loop continues
to iterate only while the counter variable is less than the cap. The condi-
tion section is also ended with a semicolon. The increment section is
next. This is where you define some change that should occur after each
iteration of the loop. Normally, the counter variable is incremented here
so that after each iteration of the loop, the counter increases. Eventually,
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the variable will be greater than the cap value, causing the condition
section to evaluate to false. This condition will terminate the loop, and
the program will start executing statements that follow the loop.

I’'m probably giving you too much information upfront, but that’s okay.
An example is always good for clearing up some confusion, so take a look
at this snippet of code that will print1 2 3 4 5 6 7 8 9 10:

for (int n = 1; n <= 10; n++) {

System.out.print(n + “ “);

In the initialization section, int n = 1;, the variable n is declared and
initialized to 1. The condition section specifies that the loop should
execute only while n is 10 or less. The increment section instructs the
program to increment n by one after each iteration of the loop. The first
time through the loop, n is equal to 1, which is less than or equal to 10,
so the statement within the loop, system.out.println(n + * “); is
reached. After the first iteration of the loop prints the value 1, n++ is eval-
uated, causing the value of n to increase to 2. Because 2 is less than or
equal to 10, the loop repeats itself. This happens again and again until n
is 10. After the value 10 is printed, n is incremented to 11. Because 11 is
not less than or equal to 10, the loop terminates.

A more involved example of this is the ForLoopTest program.
/ *
* ForLoopTest

* Demonstrates how to use the for loop

*/
public class ForLoopTest {

public static void main(String args[]) {

//a loop that simply counts to 10
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for (int n=1; n <= 10; n++) {
System.out.print(n + “ “);
}

System.out.println(“\n”);

//a loop that counts to 10 by 2s

for (int n=2; n <= 10; n += 2) {
System.out.print(n + “ “);

}

System.out.println(“\n”);

//create an array and loop on it

String str = “This is a String”;

char[] charArray = str.toCharArray();

for (int i=0; i < charArray.length; i++) {

System.out.print (charArray[i] + “ “);

//see how fast the computer can count to a million
System.out.println(“\nCounting to one million...”);
System.out.println(“*Ready... GO...");
for (int i = 1; i <= 1000000; i++) {

//no loop body
}

System.out.println(“Done!"”) ;

First, ForLoopTest counts to 10, just like in the previous example. Next,
it demonstrates that the increment value doesn’t have to be 1; it counts to
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10 by twos. The program also demonstrates how to loop through an
array. And, for fun, it also counts to one million to demonstrate just how
fast a computer can do this. Depending on how new your system is, if
you run this example, you probably won’t even notice any delay.

for loops can be nested within one another to provide even greater
utility. The NestedForLoopTest program demonstrates how to nest for
loops (which, by the way, is good for looping through multidimensional
arrays) by defining a for loop inside of another for loop. Each iteration
of the outer loop causes multiple iterations of the inner loop. The fol-
lowing code illustrates a nested situation:

/*
* NestedForLoopTest
* Demonstrates how to create a nested for loop

*/
public class NestedForLoopTest {

public static void main(String argsl[]) {
for (int i = 0; 1 < 3; i++) {
for (int j = 0; j < 3; j++) {

System.out.println(“i=” + i + “, =" + J);

The output for both the ForLoopTest program and the NestedForLoopTest
program can be seen in Figure 3.8.
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Figure 3.8

The
ForLoopTest
program
demonstrates the
use of the for
loop and shows
how fast the
computer can count
to one million.
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CAUTION Be careful when writing loops. If you don’t construct a loop carefully, you can end up
with the infamous infinite loop. An infinite loop will continue to repeat itself indefinitely.
An infinite loop is caused when the condition that keeps the loop iterating never evalu-
ates to false. This can occur if the condition is improperly constructed or the incremen-
tation is wrong.

Here is an example of an infinite loop:
for (int n = 0; n >= 0; n++) {
System.out.println(*I will not chew gum in class.”);

}

If you’re running your Java programs from an MS-DOS prompt in Windows and you find
yourself stuck in an infinite loop, you can terminate the process by pressing Ctrl+C.
0000000000000 0000000000000000000000000

The while Loop

Unlike the for loop, the while loop is typically used to loop an indeter-
minate number of times. Although you can immediately determine the
size of an array and use it as a condition in a for loop, there are times
when you won't always be able to know how many times you'll need to
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loop. Consider the ATM program loop: When you put in your card, the
program doesn’t automatically know how many transactions you’ll need
to make. So, after you complete your first transaction, it asks you,
“Another transaction?” The program loop repeats itself while the cus-
tomer answers yes to this question. The syntax for the while loop is

while (condition) {

repeated statements;

You start the while loop with the while keyword. Then you define the
loop condition within parentheses following the while keyword. The
loop will continue to repeat itself while the condition is true. Just like
for loops, you can get stuck in an infinite loop. Be careful to make sure
that within the loop, something happens that will cause the condition to
eventually become false. The whileLoopTest demonstrates how to use
themmileloop.

/*
* WhileLoopTest
* Demonstrates how to use the while loop

*/
public class WhileLoopTest {

public static void main(String args[]) {
int myNum = 0;
//generate random numbers until we get 5
while (myNum != 5) {
System.out.print(“.”);

myNum = (int) (Math.random() * 10);
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The whileLoopTest program declares an int variable, myNum, which it
initializes to zero. Then it defines the while loop, which repeats itself
while myNum 1= 5, so right away you know that the loop will iterate at
least once. Inside the loop, it prints a dot; then a random number
between 0 and 9 is assigned to myNum. This can happen at any time, so
you don’t ever know how many times this loop will iterate. Figure 3.9
shows that the loop doesn’t always iterate the same number of times by
showing the different numbers of dots for each run of whileLoopTest.

The do-while Loop

Figure 3.9

The WhileLoop
Test program
shows how to loop
an indeterminate
amount of times
using the

while loop.

The do-while loop is very similar to the while loop. The difference is
that the loop’s condition comes after the body of the loop, rather than
before it. Because the loop body is executed once before the condition is
even checked, the do loop is just a convenient way to define a loop that
iterates at least once, even if the condition is never true. You very rarely
see the do loop in real-world programs because anything that you can do
within a do loop can be done just as easily with the more familiar while
loop. Still, it's good to know what the loop does in case you ever
encounter it. The syntax for the do loop is as follows:

C:3My Documents‘wkndjavatchD3>java WhileLoopTest

é;iﬁy Documentsiwkndjavadchl3>java WhilelLoopTest

C:%\My Documents’wkndjavalch03>_
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do {
repeatable_ statements;

} while (condition);

You start the do loop with the do keyword and then immediately open
the loop with the opening curly brace. Next, you define the loop state-
ments within the curly braces. Then you end the loop body with the
closing curly brace. After the body of the loop, you use the while
keyword and specify the loop condition within parentheses. You finally
end the loop with a semicolon. The DoLoopTest demonstrates the do-

while loop. Here is the source code:

/*
* DoLoopTest

* Demonstrates how to use the do-while loop

*/
public class DoLoopTest ({

public static void main(String argsl[]) {
int myNum;
//generate random numbers until we get 5
do {
System.out.print(“.”);
myNum = (int) (Math.random() * 10);
}

while (myNum != 5);

The program does the same thing as the whileLoopTest program, except
it uses the do-while loop instead of a while loop. You can see the output

in Figure 3.10.
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y Documents‘wkndjavaichl3>java DoLoopTest

Documentsiwkndjavadchl3>java DoloopTest
Gz \My ﬁ;;aments\wkndjaua\chﬂ3>

Figure 3.10

The
DoLoopTest
program
demonstrates the
use of the do-
while loop.

Using break and continue to Control Loop Flow

You may recall that you've seen the break statement before, when you
learned about switch. Now, it’s time to take a more in-depth look at the
utility of break and its counterpart, continue. The break statement
transfers control from an enclosing statement. In other words, it is used
to break out of a loop explicitly, taking control out of a switch, while,
do, or for statement. If using break, you must make it appear within a
switch, while, do, or for statement, or a compile-time error occurs.
Here is an example:

while (true) {
System.out.print (“true”);
break;

}

System.out.println(“ out of loop”);

At first glance, this looks like an infinite loop, but it’s not. The loop will
iterate once because the condition is true, but the break statement takes
the program right out of the loop as soon as break is reached. The output
of this code is a single line: true out of loop.
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The continue statement indicates that the loop should attempt to iterate
again. If you want to use the continue statement, you must place it
within an iteration statement such as a for, while, or do loop. Here’s a
simple example:

boolean b = true;

while (b) {
if (b) continue;
System.out.println(“never gets here”);

b = false;

The continue statement doesn’t break completely out of the loop.
Instead, it causes the loop to stop where it is and loop again from the
beginning. The condition for the loop is checked again, and if it is true,
the loop iterates again. This example causes an infinite loop.

The break and continue statements can also be used in conjunction
with labels. A label is an identifier, followed by a colon that precedes a
block statement. For example, here is a block of code labeled mycode:

myCode : while (true) ({
statement_1;
break myCode;

statement_2;

I also sneaked in the break statement so that I could explain how it works
when used with a label. The break keyword is followed by the label of
the code that you want to break out of. In this example, statement_2 is
never reached because the break mycode statement takes you out of the
myCode block. This is a simple example, but imagine a larger block of
code from which you might need to break.

When a label is used with the continue statement, instead of breaking

out of the labeled loop, it takes the program back to the beginning. The
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break and continue keywords are not commonly used, but it’s good for
you to get some exposure to them in case you ever come across them.

222 22 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 X 2 & & & 4
CAUTION [fyouare contemplating using these statements as a way to get tighter control of your

loops, be careful. The use of these statements can make the program harder to trace and

debug since it has program flow jumping all over the place.There is never a case where

you are forced to use these statements, and if only for readability’s sake, you should try

to avoid using them.

222 22 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 X 2 & & & 4

Take a Break

Speaking of breaks, now’s a good time for you to take a quick one. Almost
all programs you'll ever come across will have both loops and conditional
statements, so what you've covered so far in this session is very important.
For the rest of this afternoon, you'll learn about accepting command-line
arguments, the Math class, and some helpful java.util classes. After
that, we'll revisit the calculator project and make some important updates
using the skills covered in this session.

Accepting Command-Line Arguments

Command-line arguments are parameters that you specify and pass into a
program at the command prompt when you execute a program. They are
often used to set certain states of the program so that the program runs dif-
ferently depending on the values you pass. For example, some programs
accept the command-line argument verbose, which causes the program
to spit out what it’s doing while it’s doing it. It becomes, in a word, verbose.
This command-line argument helps you see the order in which the
program performs operations. Because it does so, verbose can help you
debug the program if it crashes. (You can see what the program was
attempting to do when it crashed and then check the associated area of the
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source code and make appropriate adjustments.) Knowing where to start
is very helpful when you're debugging programs, especially huge ones.

Debugging is just one example of the use of command-line arguments.
You can use command-line arguments however you wish. If, for instance,
you want to write a program that moves a file from one destination to
another, you could accept two command-line arguments: the original
location of the source and the destination location. In this section, you’ll
learn how to accept and handle command-line arguments in Java.

Passing Arguments at the Command Prompt

Passing in command-line arguments in Java is quite simple. When you
start a Java program, you use the java command and follow it with the
name of a class that contains amain () method. To pass in command-line
arguments, you put a space after the program name and then start typing
the command-line arguments. Each command-line argument is separated
by a space. Here is the syntax:

java MyProgramName argl arg2 arg3 ..

You can specify as many arguments as you wish. The program may or
may not do anything with them. Here is an example where two
command-line arguments are passed in:

java FileMove C:\source\myfile C:\dest\myfile

In this example, the program name is FileMove, and the two arguments
are C:\source\myfile and,C:\dest\myfile.Itlnay be conceptuaﬂy
helpful to imagine that this program moves a file, myfile, from its source
directory, c:\source\, to another directory, c:\dest\. At runtime, you
can specify whatever source file and destination file you want. The
program just takes the arguments you pass it and does its thing.

What if your command-line argument is a full sentence that contains spaces?
In that case, you use quotation marks around the argument, like this:

java MyProgramName “this is one argument”
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Without the quotation marks, the program will think that there are four
arguments, but because the quotation marks are there, the program treats
it as one argument, even though there are spaces.

Using the args[] Array

You know how the main () method always looks something like this:

public static void main(String args[]) {

Well, as you can see, args[] is an array of String objects. When you pass in
command-line arguments, the program stuffs them into this array, so you can
access them from within your code. The length of the array is always equal to
the number of arguments you pass in, so if no arguments are passed in,
args. length will be zero. The argsTest example program accepts as many
command-line arguments as you want to give it. Then it just dumps them
back out to the standard output stream. This program is a good demonstra-
tion of how to pass in command-line arguments and access them from within
the program itself using the args[] array. Here is the source code:

/*
* ArgsTest
* Tests the use of command line arguments

*/
public class ArgsTest {

public static void main(String args[]) {
if (args.length > 0) {
System.out.println(“Command Line Arguments:”);
for (int a = 0; a < args.length; a++) {

System.out.println(“args[“ + a + “]: “ + argslal);
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NOTE

Figure 3.11

The ArgsTest
program lists any
command-line
arguments that
are passed in.

else {
System.out.println(“*No command line arguments were “

+ “passed in.”);

The output from the ArgsTest program is shown in Figure 3.11.

OO0 0 0000000000000 OOOCEOCOEOCOEOENOEOEONONOEONOEOEONOEOEOOOOOSOTOO O VO
The main () method is just another method. There is nothing special about it except for
the fact that when you instantiate a class from the command line and run it as an appli-
cation, this is the method that is called automatically to start your program. Because it’s
just a method, you can name the string[] array argument anything you want. It is
usually always named args [] by convention, and to avoid confusion, you should do
the same, but don’t take it for granted that everyone else will do that. If you're reading
someone else’s code, check the main() method signature for the name of the
command-line argument array.

C:3\My Documents‘wkndjavaschD3>java ArgsTest one two three "this is four™
Command Line Arguments:

args[0]: one

args[1]: two

args[2]: three

args[3]: this is four

C:%\My Documents‘wkndjava‘ch03>_
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Parsing Data Types

The args (] array is an array of string objects. So, what if you want to
accept other datatypes from the command line, such as int, double, or
char? You can accomplish this, but not directly. You still have to adhere
to the rule that command-line arguments initially get placed within a
String[] array. However, you can parse the string to another data type.
Parsing means converting the data type of an expression or literal. For
example, if you passed in an integer as the first command-line argument,
you can convert the String representation of that int from a String to
an int like this:

int myArgInt = Integer.parseInt(args[0]);

The parseint () method, found in the Integer class, accepts a String
argument, which should be a valid representation of an int (or you'll get
a runtime error). It returns the int value that corresponds to the string
that you pass in. Table 3.3 shows some other useful methods that can be
used to parse Strings to primitive data types.

TABLE 3.3 STRING PARSING METHODS

Method Description

byte Byte.parseByte (String) Parses a string to a byte.
double Double.parseDouble (String) Parses a String to a double.
float Float.parseFloat (String) Parses a string to a float.
int Integer.parselnt (String) Parses a Sstring to an int.
long Long.parselong (String) Parses a string to a long.
short Short.parseShort (String) Parses a Sstring to a short.
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The Math Class

Using the

The Math class, defined in the java.lang package, is a nice utility class
you can use to perform mathematical operations. The Math class is final,
and there are no accessible constructors. This means that you can’t sub-
class it or instantiate it (you can’t create a Math object). All of Math’s
methods are static, so you dont need a Math instance to call them
anyway. With the Math class, you can perform operations such as trigono-
metric functions, rounding functions, random number generation,
square root, absolute value, and more. In this section, we'll play around
with the Math class a bit and get a feel for its methods. Then at the end
of this afternoon’s session, we'll take advantage of some of the Math classs
methods by adding them to the calculator project. Refer to Table 3.4 for
a listing of some commonly used Math methods.

Math Class’s Methods

Because Math’s methods are static, you call them using the Math class
name, followed by a dot, followed by the method name. For example, to
create a random number between 0.0 (inclusive) and 1.0 (exclusive), you
call the random () method like this:

Math.random() ;

Or to get the square root of 100.0, you call the sqrt () method like this:

Math.sqrt (100.0) ;

Well, you get the idea. Now, let’s go ahead with an example. The Math
Test program makes use of some of the Math class methods. It optionally
accepts two command-line arguments. Though, as you learned earlier, all
command-line arguments are read in as Strings, they must be in a
format that can be parsed to a double using the Double.parseDouble ()
method. If no arguments are passed in, the MathTest program generates
two random numbers and performs the mathematical operations on
them instead.
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TABLE 3.4 MATH CLASS METHODS

Math Method

Description

Math

.abs (int n)

Absolute value (n or 0-n, whichever is greater)

Math.

acos (double d)

Arc cosine of d

Math.

asin(double d)

Arc sine of 4

Math.

atan (double d)

Arc tangent of 4

Math.ceil (double d) Ceiling (smallest value not less than d that is an integer)
Math.cos (double d) Cosine of d

Math.exp (double d) (ed, where e=2.718...)

Math.floor (double d) Floor (highest value not greater than 4 that is an integer)
Math.log (double d) Natural Logarithm of 4

Math.pow(double a, double b) ab

Math.random/() Generates a random number between 0.0 and 1.0
Math.round(float f) Rounds £ to the nearest int value

Math.

round (double d)

Rounds d to the nearest 1ong value

Math.

sin(double d)

Sine of d

Math.

sgrt (double d)

Square root of d

Math.

tan (double d)

Tangent of d

Math.

toDegrees (double d)

Converts d (in radians) to degrees

Math

.toRadians (double d)

Converts d (in degrees) to radians
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Here is the source code for the MathTest program:

/*

* MathTest

* Demonstrates some of the features of the Math class

* Also uses the DecimalFormat class to limit the number of
* fractional digits

*/

import java.text.DecimalFormat;
public class MathTest {

public static void main(String args[]) {
DecimalFormat form = new DecimalFormat () ;
form.setMinimumFractionDigits (1) ;
form.setMaximumFractionDigits(3) ;
double n, n2;
if (args.length == 2) {

//get the numbers from the command line args

n = Double.parseDouble(args[0]);
n2 = Double.parseDouble(args[1l]);
}
else {
//get two random numbers between -10.0 and 10.0
System.out.println(“"No command line args, “
+ “using randoms...”);
n = Math.random() * 20.0 - 10.0;
n2 = Math.random() * 20.0 - 10.0;
}

//Math’s methods are static and don’t need a Math instance

System.out.println(“E = “ + form.format (Math.E));
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System.out.println(“*PI = “ + form.format (Math.PI));
//print out the results of some Math functions
System.out.println(“*Math.abs(“ + form.format(n) + “) =

+ form.format (Math.abs(n)));
System.out.println(“*Math.floor(* + form.format(n) + “) = ™

+ form.format (Math.floor(n)));
System.out.println(“*Math.ceil (" + form.format(n) + %) =

+ form.format (Math.ceil(n)));
System.out.println(*Math.rint(“ + form.format(n) + “) = ™

+ form.format (Math.rint(n)));
System.out.println(“Math.max(“ + form.format(n) + “, ™

+ form.format(n2) + %) =

+ form.format (Math.max(n, n2)));
System.out.println(*Math.min(“ + form.format(n) + “, ™

+ form.format(n2) + ) = ™

+ form.format (Math.min(n, n2)));
System.out.println(“*Math.pow(“ + form.format (n)

+ “, 2.0) =™ + form.format (Math.pow(n, 2.0)));

System.out.println(“*Math.sgrt(“ + form.format(n) + “) = ™

+ form.format (Math.sqgrt(n)));

Did you notice that I didnt have to import the Math class to gain access
to it? That's because Math is defined in the java.lang class. All classes
defined there are automatically imported and are immediately accessible in
any Java program. Another thing you might notice is that I used the
DecimalFormat class. The DecimalFormat class just formats a decimal
number for nicer output. It is defined in the java.text package, so I had to
import it before I could use it. The DecimalFormat object that the MathTest
program uses, form, only restricts the number of fraction digits for printed
decimal numbers. The two methods, setMinimumFractionDigits() and
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setMaximumFractionDigits (), set the minimum and the maximum
number of digits that should appear after the decimal point when the for-
matted numbers are printed. I only used the pecimalFormat class to
shorten the number of decimal digits because the Math.random() method
creates numbers with a bunch of decimal digits. You can see the output of
the MathTest program in Figure 3.12.

Using the java.util Package

The java.util package is a very important part of the standard Java Soft-
ware Development Kit. It contains miscellaneous utility classes such as a
random number generator, date and calendar classes, the collections frame-
work, and more. This book doesn’t cover all of these classes, but it does
cover part of the collections framework, the Random class, and the pate and
GregorianCalendar classes. The collection API (application programming
interface), which defines collection classes such as Vector and HashTable,
is very commonly used, as are many of the other classes in the java.util
package. The java.util package also defines Eventobject, the base class
for all event classes. Tonight, you'll learn more about handling GUI events.
For now, let’s just take a look at some of the other java.util classes.

C:3\My Documents‘wkndjavatchD3>java MathTest 18.9% -4.056
E=2.7118
PI = 3.142

Figure 3.12 | toyrsteTi it
Math.ceil(18.99) = 19.0
Math.rint(18.99) = 19.0
Paiies: R R
th. J99, b, -,
program performs Math-pow(18.99) 2.0) = 360.63
mathematical
operations on two
numbers (either
passed in as
arguments or
random) using the
Math class’s

methods.

Math.sqrt(18.99) = 4_.358
C:%\My Documents’wkndjavalch03>_
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Learning about Collections

NOTE

The Java Collection API defines classes that group objects together. It
might be useful here for you to recall what you already know about arrays
and compare them to collection classes. Arrays are lists of objects or prim-
itives. They are of a set, unchangeable, size. Once they’re initialized, you're
stuck with the size of the arrays as they were set. This is not true of the
collection classes. The vector class, for example, is an expandable list of
objects. When you create it, you're not forced to declare its size. Anytime
that you add an object to it, the size is automatically increased by one. All
of the collection classes implement the collection interface.

You'll learn all about interfaces tomorrow, but basically interfaces define a
set of method signatures (without method bodies) that all implementing
classes must provide bodies for. This means that all of the collection classes
must have all of the methods defined in the collection interface. Also,
because the methods are not implemented in the interface itself, you can’t
instantiate a Collection object directly. Instead, you have to instantiate a
class that implements the collection interface to get collection func-
tionality. That’s all you need to know about interfaces for now. Table 3.5
lists the methods found in the collection interface.

OO0 0000000000000 OCOOOOCOEOEOEOCEOCOEONOEOEONOEOEONOEOEOOOOOSOTOTOT O VPO
The statement here that all of the collection classes must provide functionality for
all of the methods declared in the collection interface is not entirely true. Not all
of the col1lection interface methods are applicable to all of the collection classes.
In those cases, the collections define the bodies of those methods to cause an
UnsupportedOperationException t0 occur. It just causes your program to crash
if you try to call an unsupported method on a collection class.

Each class that implements the collection interface behaves in a slightly
different way. For example, lists, like Vector, maintain an ordered set of
Objects that can be accessed by a numerical subscript and typically allow
duplicate elements. sets don't allow any duplicate elements, nor do maps.
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TABLE 3.5 METHODS OF THE COLLECTION INTERFACE

Method Description
boolean add(Object) Adds the given object to the collection.
boolean addall (Collection) Adds all of the elements of the given

Collection to this collection.

void clear() Removes all of the elements from this collection.
boolean contains (Object) Returns true if this collection contains the given
Object.

boolean containsAll (Collection) Returns true if this collection contains all of the
elements contained in the given cCollection.

boolean eqguals (Object) Returns true if the given object is equal to
this collection.

int hashCode () Returns the hash code number for this collection.

boolean isEmpty () Returns true if this collection doesn’t contain
anything.

Iterator iterator() Returns an iterator for this collection for iterating

through this collection’s objects.

boolean remove (Object) Removes the given object from this collection.

boolean removeAll (Collection) Removes all of the elements contained by the
given collection from this collection.

boolean retainAll (Collection) Removes all of the objects that are not contained
by the given collection.

int size() Returns the number of elements contained in this
collection.
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TABLE 3.5 METHODS OF THE COLLECTION INTERFACE

Method Description

Object[] toArray () Returns an array of the objects contained within this
collection.

Object[] toArray(Object[]) Returns an array of the same type as the given array
that contains all of the objects within this collection.

The add (), remove (), and retain () methods that return boolean values return true if the
collection changed as a result of the method being called. This happens because different collection
classes have different rules for maintaining their objects. For example, some collections allow duplicate
elements, while others do not.

Some lists are sorted, while others are not, and so on. The collectionTest
program tests two classes that implement the collection interface, the
vector class and the Treeset class. Here is the source code:

/*
* CollectionTest

* A short test of the Collection API

*/
import java.util.*;
public class CollectionTest {

public static void main(String args[]) {
Vector vect = new Vector();
vect.add (“Oranges”) ;
vect.add (“Apples”) ;

vect.add (“Limes”) ;
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vect.add (“Grapes”) ;

vect.remove (“Limes”) ;

vect.add (“Oranges”) ;

printContents (vect) ;

TreeSet tree = new TreeSet (vect);
printContents (tree) ;

vect.addAll (tree) ;

printContents (vect) ;

//can also get an array:

Object[] objArray = vect.toArray();
System.out.println(“Created an array of size: “

+ objArray.length + “ from the Vector.”);

public static void printContents(Collection collection) {
Iterator 1 = collection.iterator();
System.out.println(“\nListing the “
+ collection.size() + “ elements of a ™
+ collection.getClass () .getName()) ;
while (i.hasNext()) {

System.out.println(i.next());

The vector class simply maintains a list of objects. It allows duplicate
entries and does not sort its elements. The Treeset collection does not
allow duplicate entries and does sort its elements. The output, shown in
Figure 3.13, demonstrates these facts.

In the printcontents () method, I used an Iterator to loop through
all of the collections’ contents. You can get an Iterator from a collection
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C:3\My Documents‘wkndjavachD3>java CollectionTest
Listing the & elements of a java.util.Vector
Oranges

fpples

Grapes

Oranges

Listing the 3 elements of a java.util.TreeSet

Figure 3.13 fipples

— Grapes

The
Collection
Test program

uses the vector
and TreeSet
classes from the
Collection API.

ing the 7 elements of a java.util.Vector

Created an array of size: 7 from the Uector.

C:3\My Documents'wkndjavatchD3>

by calling the iterator () method. An Iterator object has at least three
nuxhods:hasNext(),next(),and.remove().TTK:hasNext() method
returns true if there are more elements to iterate through. The next ()
method returns the next element (starting with the first and ending with
the last) and moves to the next element. Using this logic, you can see that
hasNext () will eventually return false, so it can be used as the condi-
tion for a loop, as was done in the collectionTest program. In that
program, the while loop in the printcontents() method is basically
saying, “while there are more elements, give one to me (until there aren’t
any more left).” The remove () method removes the last object returned
from the next () method from the underlying collection.

Date and Calendar Utilities

The java.util package also defines some classes that you can use to
perform date and calendar functions. A pate object represents a specific
instance of time up to the nearest millisecond (that’s one-thousandth of a
second). The Gregoriancalendar class allows for converting from the
specific instance of time (a Date object) to calendar fields, such as month,
date, year, hour, minute, second. The pate class doesn’t handle this func-
tionality on its own because the whole world doesnt use the same type of
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calendar. Most of us do, however, and that’s what the Gregoriancalendar
class is for. The pateTimeTest program, listed next, demonstrates how to
use these classes.

/*
* DateTimeTest
* Demonstrates how to use dates and times.

*/

import java.util.*;

import java.text.DateFormat;

public class DateTimeTest ({

public static void main(String args[]) {
Date date = new Date();
System.out.println(“Date: “ + date);

System.out.println(“Seconds since “
+ “January 1, 1970, 00:00:00 GMT: “ + date.getTime());
GregorianCalendar greg
= new GregorianCalendar (1879, Calendar.MARCH, 14);
date = greg.getTime();
System.out.println(date);
DateFormat dateFormatter = DateFormat.getDateTimeInstance (
DateFormat.FULL, DateFormat.FULL) ;
System.out.println(dateFormatter.format (date)) ;
dateFormatter = DateFormat.getDateInstance(
DateFormat.SHORT) ;

System.out.println(dateFormatter.format (date)) ;
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When you instantiate a new Date object using the no-argument con-
structor, the date is initialized to the current instance of time. There is
also one other non-deprecated pate constructor that accepts a long rep-
resentation of a Date as an argument. The long value that gets passed in
is defined in milliseconds since January 1, 1970, at exactly midnight
GMT. As you can see in the example, there are other ways to set a spe-
cific date using the Gregoriancalendar class. I set the date to the day
Einstein was born. I also used the pateFormat class. It’s similar to the
DecimalFormat class in that it parses something into a formatted string
based on rules that you set on the pateFormat object. The only differ-
ence is that the pateFormat class formats dates instead of decimal
numbers. You can see the output in Figure 3.14.

Another Way to Generate Random Numbers

Figure 3.14

The DateTime
Test program
demonstrates the
use of the Date
and Gregorian
Calendar
classes in the
java.util
package. It also
demonstrates the
java.text.
DateFormat
class, which is
used to format
date strings.

The last java.util method that I cover here is the Random class. The
function of the Random class is similar to the Math.random() method,
except more robust. When you instantiate a Random object, you can do so
by passing in a 1long as a random number key or call the no-argument con-
structor, in which case the current time, in milliseconds, is used as the key.
Internally, the Random class uses algorithms to generate pseudorandom

C:3My Documents‘wkndjavaichD3>java DateTimeTest

Date: Mon Jan 28 08:37:25 EST 2002

Seconds since January 1, 1970, 00:00:00 GMT: 1012225045%70
Fri Mar 14 00:00:00 EST 187%

Friday, March 14, 1879 12:00:00 AM EST

35147579

C:3\My Documents'wkndjavatchD3>
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numbers using the key as an input value. The term pseudorandom is used
here because the numbers are not technically random as their values are
predictable if the key is known. In fact, if you always create Random
objects with the same key, you'll always get the same sequence of pseudo-
random numbers. The algorithms that are used by the Random class gen-
erate all possible numbers with extremely close to-equal probability. By
the way, all of this also applies to the Math.random() method—it uses
the Random class behind the scenes. You can see some common Random

methods in Table 3.6.

The RandomTest program demonstrates how to use the Random class to
generate random numbers. Here is the source code:

/*
* RandomTest
* Demonstrates how to use the java.util.Random class to
* generate random numbers.

*/
import java.util.Random;
public class RandomTest {

public static void main(String args[]) {
Random randomGenerator = args.length == 0 ? new Random()
new Random(Long.parseLong(args[0]));
System.out.println(“Generating 5 random numbers “
+ “between 1 and 100 (inclusive)”);
for (int i = 0; 1 < 5; i++) {
System.out.println(randomGenerator.nextInt (100) + 1);

}
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TAaBLE 3.6 CoMMONLY UseD RANDOM METHODS

Method Description
boolean nextBoolean () Randomly returns either true or false boolean values.
double nextDouble () Returns a random double value ranging from 0.0 (inclusive)

to 1.0 (exclusive).

float nextFloat () Returns a random £loat value ranging from 0.0 (inclusive)
to 1.0 (exclusive).

int nextInt () Returns a random int value (all 232 values are possible).

int nextInt (int n) Returns a random int value ranging from 0 (inclusive) to
n (exclusive).

long nextLong () Returns a random long value (all 264 values are possible).

The RandomTest program simply generates five random integers and
prints them to the screen. Each time you run this program, the output

should be different (see Figure 3.15).

M5-DOS Prompt

&) 5| /5 Al

C:3\My Documents‘wkndjavatchD3>java RandomTest
Generating 5 random numbers between 1 and 100 Cinclusive)
]

C:3\My Documents‘wkndjavatchD3>java RandomTest
Generating 5 random numbers between 1 and 100 Cinclusive)
E1

Figure 3.15

When yOU run the C:3\My Documents'wkndjavatchD3>
RandomTest
program twice, you
can see the way
the numbers differ.
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Updating the Calculator Project

You've learned quite a lot so far this afternoon. Now, it’s time to put
this knowledge to good use. In this section, you'll update both the
CalculatorModel class and the calculatorHelper class using some
of what you learned this afternoon. After you update your classes,
you'll see that the calculator project will actually start acting like a cal-
culator. Lastly, before moving on to tonight’s session, you'll test your
classes to make sure that they’re working correctly.

Updating CalculatorModel

The calculatorModel class represents the state of a calculator—the data
that a calculator uses to do its thing. It’s been updated with some new and
improved features. One difference is that the calculatorModel class
now keeps track of the operation along with the stuff it already had. It has
constants (for example, ADD, SUBTRACT, MULTIPLY, and so on) that repre-
sent the calculator operations, and the setcurrentop () method uses a
switch statement to make sure that the given operation is a valid one. If
it’s not, the setcurrentop () method sets the operation to NoNE, which
signifies no operation. There is also a new isopBinary() method that
returns true if the currently set operation is binary (that is, it takes two
operands). The calculatorModel class also keeps track of a memory
value. Many calculators let you temporarily store a number in memory.
The memory value for the calculatorModel class is the same idea. Here
is the updated source code:

/*

* CalculatorModel

* Encapsulates the data model used by the Calculator
* Application

*/

public class CalculatorModel ({
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private double operandl;
private double operand2;
/* Stores the value associated with a calculator’s memory
* function */
private double mem;
/* The current operand that appears in the calculator’s
* display */
private double currentDisplayValue;
/* Represents operation to be performed on the operands */
private char currentOp;
/* the following are possible values for currentOp */
public final static char ADD = ‘+’;

public final static char SUBTRACT ‘-1

public final static char MULTIPLY = ‘*’;
public final static char DIVIDE = ‘/’;
public final static char POW = ‘*’;
public final static char SQRT = ‘Q’;

public final static char SIGN = ‘~';

1]
P
J
~

public final static char NONE 27

/*
* Constructs a new CalculatorModel object.
* maxDigits - The maximum number of displayable digits
*/

public CalculatorModel () {

currentOp = CalculatorModel.NONE;

public void setOperandl (double value) {

operandl = value;
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currentDisplayValue = operandl;

public double getOperandl () {

return operandl;

public void setOperand2 (double value) {
operand2 = value;

currentDisplayValue = operand2;

public double getOperand2 () {

return operand2;

public void setMem(double value) {

mem = value;

public double getMem() ({

return mem;

public void setCurrentDisplayValue (double value)

currentDisplayValue = value;

public double getCurrentDisplayValue() {

return currentDisplayValue;

{
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public void setCurrentOp (char op) {

switch (op) {

case CalculatorModel.ADD:
case CalculatorModel.SUBTRACT:
case CalculatorModel .MULTIPLY:
case CalculatorModel.DIVIDE:
case CalculatorModel.POW:
case CalculatorModel.SQRT:
case CalculatorModel.SIGN:
currentOp = op;
break;
default:

currentOp = CalculatorModel.NONE;

Gets the current operator */

public char getCurrentOp() {

return currentOp;

163

/* Indicates if the current operator is binary or unary.

* Returns true if the current operator is binary,

* false if it is unary. */

public boolean isOpBinary() {

switch(currentOp) {

case

CalculatorModel .ADD:

case CalculatorModel.SUBTRACT:
case CalculatorModel .MULTIPLY:

case CalculatorModel.DIVIDE:
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case CalculatorModel.POW:
return true;
default:

return false;

public String toString() {

String s = “operandl = “ + operandl
+ “ operand2 = “ + operand2
+ “ currentOp = “ + currentOp
+ “ currentDisplayValue = “ +

currentDisplayValue
+ " mem = “ + mem;

return s;

Updating CalculatorHelper

The calculatorHelper class also gets renovated here. First, the work-
horse of the calculator project makes changes to account for the new
calculatorModel class, and it takes on some more responsibility of its
own. That responsibility takes the form of setting the operands of the
CalculatorModel object. There are two operands in the calculatorModel
class, but there is only one setOperation () method in CalculatorHelper.
calculatorHelper does this so that it can encapsulate all of the logic
dealing with setting the operands and hide the complexity of it from the
outside world. For example, when you use a calculator, you don’t have to
explicitly tell the calculator that you're setting the first or second operand.
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There is no setoperand1 or setoperand2 button; you just press numbers and
operators and the equal key and expect the answer to appear. That's what
the CalculatorHelper class attempts to simulate. The CalculatorHelper
just provides a single method to enter a number. The method figures out
which operand it should be. For example, if no operator is set, when the
setOperand () method is called, operand] is set; but after a binary opera-
tor is set, we need a second operand, so a call to setoperand() sets the
second operand after the first one is already set for a binary operation.

The mathematical methods (add(), subtract (), and so on) have also
changed. They are now private, so you cant call them on a
CalculatorHelper(ﬂjectdhﬁcﬂy;Inmfad,CalculatorHelper‘prOkam
one public method, performOperation(), that ﬁgures out what
method to call for you. Before you call this method, though, you need to
call the setcurrentop () method of the calculatorHelper class. You
can set it to any of the calculatorModel’s operator constants, like
CalculatorModel.ADD. When you call performOperation(),
CalculatorHelper checks this value so that it can determine which
mathematical method to call. The calculatorHelper class also makes
use of a couple of Math methods: pow () and sqgrt ().

Another feature that has been added to calculatorHelper is the audit
trail. The audit trail is basically a stringBuffer that simulates a calculator
register. It’s just a string representation of all of the operations that the cal-
culator performs. The auditTrail variable stores this information, and the
CalculatorHelper class takes care of all of the logic required to create the
audit trail. The updated source code for the calculator Helper class is
listed here. If you start asking yourself, “Why did Joey do this?” when you're
reading this code, just pick up a calculator, play with it, and know that
that’s the functionality I'm trying to simulate here.

/*

* CalculatorHelper

* A class that performs mathematical functions for a
* Calculator program

*/



105151 Learn Java In a Weekend

public class CalculatorHelper ({
private CalculatorModel calcModel;
private StringBuffer auditTrail;
private boolean opPerformed;

private int decimalPos;

public CalculatorHelper () {

this(20);

public CalculatorHelper (int decimalAlignmentPos) ({
calcModel = new CalculatorModel() ;
auditTrail = new StringBuffer();

decimalPos = decimalAlignmentPos;

public CalculatorModel performOperation() {

double value;

if (calcModel.isOpBinary()) {
auditTrail.append(align(calcModel .getCurrentOp() + “ ™

+ calcModel.getOperand2()) + “\n”);

}

else if (calcModel.getCurrentOp() == CalculatorModel.SQRT) {
auditTrail.append (“SQRT\n”) ;

}

else if (calcModel.getCurrentOp() == CalculatorModel.SIGN) {
auditTrail.append(“+/-\n");

}

switch (calcModel.getCurrentOp()) {
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case CalculatorModel.ADD:
value = add();
break;
case CalculatorModel.SUBTRACT:
value = subtract();
break;
case CalculatorModel .MULTIPLY:
value = multiply();
break;
case CalculatorModel.DIVIDE:
value = divide();
break;
case CalculatorModel.POW:
value = pow();
break;
case CalculatorModel.SQRT:
value = sqgrt();
break;
case CalculatorModel.SIGN:
value = sign();
break;
default:
value = calcModel.getCurrentDisplayValue /() ;
calcModel.setOperandl (value) ;
calcModel.setOperand2 (0.0) ;
}
calcModel.setCurrentDisplayValue (value) ;
//makes the currently displayed value ready for another op
calcModel.setOperandl (value) ;

opPerformed = true;
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auditTrail.append (“=============================\n"
+ align(String.valueOf (value)) + “\n”);

return calcModel;

public CalculatorModel setOperand(double wvalue) {

if (calcModel.isOpBinary() && !opPerformed) {
calcModel.setOperand2 (value) ;

}

else {

auditTrail.append(“\n” + align(String.valueOf (value))
+ “\n”);

calcModel. setOperandl (value) ;
calcModel.setOperand2(0.0) ;
calcModel.setCurrentOp (CalculatorModel .NONE) ;

}

calcModel.setCurrentDisplayValue (value) ;

return calcModel;

public CalculatorModel setOp(char op) {
if (opPerformed == false
&& calcModel.getCurrentOp() != CalculatorModel.NONE) {

performOperation() ;

}

opPerformed = false;

calcModel.setCurrentOp (op) ;

//get ready to accept operand2 for binary operations

if (calcModel.isOpBinary()) {
calcModel.setOperand2(0.0) ;

calcModel.setCurrentDisplayValue(0.0);
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//automatically perform unary operations
else {

performOperation() ;
}

return calcModel;

public CalculatorModel memAdd() {
calcModel.setMem(calcModel.getMem()
+ calcModel.getCurrentDisplayValue()) ;

return calcModel;

public CalculatorModel memRecall () {
setOperand (calcModel.getMem()) ;

return calcModel;

public CalculatorModel memSwap () {
double swapVal = calcModel.getMem() ;
calcModel.setMem(calcModel .getCurrentDisplayValue()) ;
setOperand (swapVal) ;

return calcModel;

public CalculatorModel memClear() {
calcModel.setMem(0.0) ;

return calcModel;
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public void clear () {
//clears only second operand if mid-binary operation

setOperand(0.0) ;

/* Clears everything except the memory wvalue */

public CalculatorModel clearAll() {
calcModel.setOperandl (0.0) ;
calcModel.setOperand2(0.0) ;
calcModel.setCurrentDisplayValue(0.0) ;
calcModel.setCurrentOp (CalculatorModel .NONE) ;
opPerformed = false;

return calcModel;

public String getAuditTrail() {

return auditTrail.toString() ;

private String align(String decimalString) {

String aligned = decimalString;

int currDecPos = aligned.indexOf(‘'.’);
for (int pos = currDecPos; pos < decimalPos; pos++) {
aligned = “ “ + aligned;

}

return aligned;

private double add() ({

return calcModel.getOperandl() + calcModel.getOperand2() ;
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private double subtract() {

return calcModel.getOperandl() - calcModel.getOperand2() ;

private double multiply() {

return calcModel.getOperandl() * calcModel.getOperand2() ;

private double divide() {

return calcModel.getOperandl() / calcModel.getOperand2() ;

private double pow() ({
return Math.pow(calcModel.getOperandl (),

calcModel .getOperand2 () ) ;

private double sqrt() {

return Math.sqgrt (calcModel.getOperandl()) ;

private double sign() {

return calcModel.getOperandl () * -1;

Testing It

Now that you've updated the classes, you should test them to make sure
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they’re working properly. The calculatorTest class simulates the use of
a calculator by entering numbers and performing operations. Then it
prints the audit trail to see what the results were. Here is the source code
for the calculatorTest program:

/*
* CalculatorTest
* Tests the CalculatorHelper class

*/
import java.text.*;
public class CalculatorTest {

public static void main(String args[]) {

CalculatorHelper calcHelper

= new CalculatorHelper () ;
calcHelper.setOperand(100.0) ;
calcHelper.setOp(CalculatorModel.ADD) ;
calcHelper.setOperand(25.0) ;
calcHelper.performOperation () ;
calcHelper.performOperation () ;
calcHelper.setOp (CalculatorModel.SUBTRACT) ;
calcHelper.setOperand(25.0) ;
calcHelper.performOperation() ;
calcHelper.setOp(CalculatorModel .MULTIPLY) ;
calcHelper.setOperand(0.25) ;
calcHelper.performOperation () ;
calcHelper.setOp(CalculatorModel .DIVIDE) ;
calcHelper.setOperand(10.0) ;

calcHelper.performOperation() ;
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As you can see, the
Calculator
Test run makes
sure that the
Calculator
Helper class is
working properly
and that the

audit trail is being
generated correctly.
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calcHelper.
calcHelper.
calcHelper.
calcHelper.
calcHelper.

calcHelper.

calcHelper

System.out

173

setOp (CalculatorModel.SIGN) ;
setOperand(9.0) ;
setOp (CalculatorModel.SQRT) ;
setOperand(3.0) ;
setOp (CalculatorModel.POW) ;

setOperand(3.0) ;

.performOperation () ;

.println(calcHelper.getAuditTrail()) ;

The calculatorHelperTest program is a good test for the calculator
prog g
project classes. The output illustrated in Figure 3.16 shows the audit trail

that was generated by the calculatorHelperTest program.

.,J CalculatorT est_Output.txt - Notepad [_ (O] x|
File Edit Search Help
100.8 —
+ 25.8
125.8
+ 25.8
158.8
- 25.8
125.8
* 0.25
31.25%
F 18.8
3.125%
+/-
-3.125
9.8
SORT
3.8
3.8
~ 3.a
27.8 |—
| ol
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The calculatorModelstateTest program is more verbose. It's geared
more toward testing whether the variables of the calculatorModel class
always have the correct values based on the operations that are being per-
formed by the CalculatorHelper class. After each CalculatorHelper
method call, the calculatorModel state is printed so that you can see the
values of its variables and make sure that things in the guts of this project
are working properly. Since each of calculatorHelper’s methods return
the calculatorModel object, printing out the calculatorModel’s state is
as easy as putting the method calls within system.out.println() methods.
Here is the source code listing for the calculatorModelStateTest program:

/*
* CalculatorModelStateTest
* Tests out how operations affect the state of the
* CalculatorModel

*/
public class CalculatorModelStateTest ({

public static void main(String args[]) {
CalculatorHelper calcHelper = new CalculatorHelper();
System.out.println(“*New CalculatorModel”) ;
System.out.println(“Set operand to 123.45");
System.out.println(calcHelper.setOperand(123.45));
System.out.println(“Set operator to CalculatorModel.ADD”) ;
System.out.println(calcHelper.setOp (CalculatorModel.ADD));
System.out.println(“Set operand to 2000.001");
System.out.println(calcHelper.setOperand(2000.001));
System.out.println(“Performed the operation”);
System.out.println(calcHelper.performOperation());
System.out.println(“called memAdd()”);

System.out.println(calcHelper.memAdd()) ;
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System.
System.
System.
System.

System.

+

out

out

out

out

out

.println(“Set operand to 1000.0");
.println(calcHelper.setOperand(1000.0));
.println(“called memRecall()"”);
.println(calcHelper .memRecall()) ;
.println(“set operator to “

“CalculatorModel.SUBTRACT") ;

System.out.println(

calcHelper.setOp (CalculatorModel.SUBTRACT)) ;

System.out.
System.
System.
System.
System.
System.
System.
System.

System.

out

out

out

out

out

out

out

out

println(“Called memRecall()”);

.println(calcHelper .memRecall()) ;
.println(“Performed the operation”);
.println(calcHelper.performOperation()) ;
.println(“Called memSwap()”);
.println(calcHelper.memSwap()) ;
.println(“Called memClear()”);
.println(calcHelper.memClear()) ;

.println(calcHelper.getAuditTrail()) ;

I redirected the output of this program and the calculatorTest program
to a text file because the output wouldn’t fit in a standard MS-DOS

prompt window (in case you were wondering). The output of the

CalculatorModelStateTest program can be seen in Figure 3.17. You can

see the audit trail listing after the actual calculatorModelStateTest

output.

Wrapping Up

This afternoon was packed with information. If you got through it in a

single afternoon, congratulations! I know it’s no easy task, especially if

youre not an experienced programmer.



19451 Learn Java In a Weekend

Figure 3.17

The
Calculator
ModelState
Test program

makes sure

that the
Calculator
Model class
contains the correct
information
through multiple
calculations.

& CalculatorModelStateT est_Output.txat - Notepad
FEile  Edit Search Help

JSi[=] E3

New CalculatorM odel

operand] = 0.0 operand2 = 0.0 currentDp = ? cunentDisplay¥alue = 0.0 mem = 0.0

Set operand ko 123.45

operandl = 123.45 operand2 = 0.0 currentOp = ? cuirentDisplay¥alue = 123.45 mem = 0.0

Set operator to CalculatorM odel ADD

operandl = 123.45 operand2 = 0.0 currentOp = + currentDisplay¥alue = 0.0 mem = 0.0

Set operand to 2000.001

operandl = 123.45 operand? = 2000.001 cunentOp = + currentDisplayV¥alue = 2000.001 mem = 0.0

Performed the operation

operandl = 2123 451 operand2 = 2000.001 currentOp = + cunentDisplayValue = 2123 451 mem = 0.0

called memAdd()

operand] = 2123.451 operand2 = 2000.001 currentDp = + cunentDisplay¥alue = 2123.451 mem = 2123.451

Set operand to 1000.0

operandl = 1000.0 operand2 = 0.0 currentOp = ? currentDisplay¥alue = 1000.0 mem = 2123.451

called memRecall()

operandl = 2123.451 operand2 = 0.0 cumrentOp = ? currentDisplay¥alue = 2123.451 mem = 2123.451

set operator to CalculatorModel. SUBTRACT

operand] = 2123 451 operand2 = 0.0 currentOp = - currentDisplayValue = 0.0 mem = 2123451

Called memRecall()

operand] = 2123 451 operand? = 2123451 currentOp = - cunentDisplay¥alue = 2123 451 mem = 2123451

Performed the operation

operand] = 0.0 operand2 = 2123.451 cumrentOp = - currentDisplay¥alue = 0.0 mem = 2123.451

Called memSwap(]

operandl = 2123.491 operand2 = 0.0 cumentOp = ? currentDisplayYalue = 2123.451 mem = 0.0

Called memClear[)

operandl = 2123.451 operand2 = 0.0 currentOp = ? currentDisplay¥alue = 2123.451 mem = 0.0
123.45

+ 2000.001

2123 451
1000.0

2123.451
-2123.451

0.0
2123 451

|»

You learned important information about conditional statements and loops,
which are fundamental programming concepts that you'll see in almost all
Java programs. You also learned about the Math class and about the
java.util package. Tonight, you'll learn about Java GUI (Graphical User
Interface) programming, so you'll be creating windows, buttons, text fields,
and so on and using event handling to capture user input. You'll also start
to give the calculator project a facelift by creating the calculatorkeypad
class. After this chapter, ’'m sure you would like to take a break! Go ahead
and relax for a while and grab some dinner, and we’ll meet back here this

evening.
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this point, everything you've been doing has been text-based. That

is, all of the programs you've written generate textual output. Start-
ing with this evening’s session, your programs will begin to take a differ-
ent form. All of what you've already learned is still applicable, but now
your programs will take on a graphical representation in the form of
windows and components such as buttons, check boxes, and drop-down
menus—all the stuff that you're so familiar with. Most of the programs
you're probably used to dealing with provide some graphical representa-
tion with which you must interact in order to accomplish your goals.
Now, you'll learn the other side of things. You'll learn how to construct
these graphical components as a Java programmer.

T his evening, you'll learn about GUI programming with Java. Up to

Introduction to GUI Programming

Before you start programming GUI applications, I want to get you accli-
mated. In this section, you'll learn what a GUI is and how Java supports
GUI programming. If you've ever done GUI programming with other
programming languages, you'll find that doing it in Java is actually quite
easy in comparison. In other programming languages, you typically make
native calls to the operating system’s windowing API. Because Java is plat-
form-independent, you can't do this. Well, actually you can, but don't—
it’s not considered good practice. Java provides all the classes you need for

GUI programming.
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After you are introduced to GUI programming, you’ll learn the major
GUI components and how to handle GUI events (such as a user clicking
a button). Next, you'll move on to layout managers, which are used for
positioning components within a window. After that, you'll update the
calculator project by creating the calculatorKeypad class, which is a set
of buttons that will be used like calculator buttons to interface with the
calculator program. This afternoon, the calculator project started acting
like a calculator. Tonight, the calculator project will start to Jook like a cal-
culator.

What Is a GUI?

A Graphical User Interface, or GUI (pronounced “gooey”), is a graphical
representation of windows, buttons, or whatever with which a user can
interact in order to interface with your program. In other words, a GUI
is the face of your application. It’s what the user sees when your program
runs, and it provides a way for a user to do useful things with your appli-
cation. Consider the calculator project. When it’s complete, it will have
buttons for numbers and operations that you can click, as though press-
ing a real calculator’s buttons. There will also be a digital display that
looks like a real calculator’s digital display that will show you the results
of the calculator’s operations.

How Does Java Support GUI Programming?

So, just how does Java support GUI programming? Java does it with the
java.awt package, or AWT for short. AWT stands for Abstract Win-
dowing Toolkit. Inside this package are classes that represent different
components that can be graphically rendered inside windows on your
computer screen and added to your GUI. The AWT also defines the GUI
containers, like windows, within which you put AWT components.
When using the AWT, you need to import the java.awt package.

The AWT package components are heavyweight components. The term
heavyweight in this context refers to the fact that each component, behind
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the scenes, makes native calls to your operating system’s windowing API
in order to create the graphics. This means that AWT components will
look and behave differently depending on the operating system you're
using. The Java code itself doesn’t change, which is consistent with Javas
platform-independence selling point. It’s the Java interpreter that is dif-
ferent. This is one of the reasons why each supported operating system
has its own installation files. Different operating systems require different
API calls to be able to use windowing tools. So, each Java AWT compo-
nent has a native peer—that is, an operating system-specific instance of a
graphical component, which it uses to do what it needs to do.

Java also has the java.awt.event package, which defines classes that are
used for capturing and handling user-initiated events. You import this
package if you need to make something happen when a user clicks one of
your buttons or interacts with other components in your GUI that trigger
some action. There are different classes for handling events, and the class
needed is determined by the component that corresponds to the event. As
you learn each new component, you'll also learn how to handle their events.

There is also another set of classes defined in Java for GUI programming.
The collection of these other classes is known as Swing. Swing is a set of
lightweight components. Unlike heavyweight components, they don’t
have native peers. They’re completely defined in Java and their graphical
representation and behavior are consistent across all supported operating
systems. Lightweight components perform better than heavyweight com-
ponents in terms of memory usage. Swing is not covered tonight, and we
only touch on it lightly later in the book. However, to make sure that you
gain some Swing experience before the weekend ends, the final calculator
project will be a Swing application. So, at the very least, the components
that the calculator project makes use of will be covered.

AWT Components and Event Handling

In this section, you'll learn the specific AWT component classes and
related event-handling classes, as well as their associated interfaces. Each
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NOTE

new component you come across is accompanied by an example test
program that will give you a good feel for how to use the component and
show you what the components look like. To start, take a look at Figure
4.1. It displays some common java.awt components. In the subsections
that follow, we’ll go over them all, one at a time.

OO0 0 0000000000000 OOEOCEOCOEOEOENOEOEONONOEONOEOEONOEOEOOOOOTPTO®OTOT O VPO
| am running all of these examples and generating the figure files using Microsoft
Windows. If you're using a different operating system, your components will look differ-
ent than mine. That’s okay; it just demonstrates that the AWT makes use of the operat-

ing system’s underlying GUI API to create its components.
OO0 0 0000000000000 OOOCEOCOEOCOEOENOEOEONOEOEONOEOEONOEOEOOOOOTOOT O OO

Using Frames and WindowEvents

Your first Java GUI program is simple enough that you can jump right in
and program it. All the program does is instantiate a Frame (a GUI
window) object, set its size, and display it. Here is the source code for the
SimpleFrameTest program:

/*
* SimpleFrameTest

* A very simple AWT Frame

*/
import java.awt.Frame;
public class SimpleFrameTest {

public static void main(String argsl[]) {
Frame frame = new Frame(“Simple Frame Test”);
frame.setSize (400, 300);

frame.setVisible(true) ;
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programming.

In the simpleFrameTest program, the first thing you need to do is
import the java.awt package. The only class you use from that package
is Frame, so you could technically just import that one class. However,
most of the other programs tonight use more than one AWT class, so just
for the sake of ease, go ahead and import the whole package. Java will
only import the classes it actually needs anyway, so there is virtually no
difference. The next thing you do should be familiar—just declare the
class and open the curly brace for your class definition. The only method
needed is the familiar main () method, and it has only three lines of code.
It creates a new Frame object by calling the Frame () constructor that
accepts a String argument. The string that you pass in is used as the
Frame’s title. You can see where the Frame’s title appears at the top of the
window in Figure 4.2. The next line sets the Frame’s size to 400 pixels
wide by 300 pixels high. The third line of the method makes the Frame
appear. The setvisible () method accepts a boolean argument, which
indicates whether to show the frame (if it’s true), or hide it (if it’s false).
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Figure 4.2

The
SimpleFrame
Test program
creates and
displays a Frame.
You can see the
window that it
creates, but you
can’t close it
normally!

Ega Simple Frame Test =] E3

If you try to run this program, you won’t be able to close the window nor-
mally. The reason for this is that the simpleFrameTest program doesn’t
implement any event handling. Yes, you have to explicitly write code to
handle what happens when the user tries to close your program by click-
ing the x. This allows you to perform any cleanup operations or ask the
user whether the program should save the user’s stuff before exiting, and
so on. To exit this program, focus on the command prompt window to
make it the active window and press Ctrl+C.

Now, let’s create a better Frame class that closes when you click the x, that
is painted the same color as other windows in your operating system, and
that centers itself on the screen when it pops up. The cuiFrame class
extends the Frame class and adds this functionality. Here is the source code:

/*
* GUIFrame
* An extension of Frame that uses a WindowAdapter to

* handle the WindowEvents and is centered.

*/

import java.awt.*;

import java.awt.event.*;
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public class GUIFrame extends Frame implements WindowListener {

public GUIFrame (String title) {
super (title);

setBackground (SystemColor.control) ;

addWindowListener (this) ;

/* Centers the Frame when setVisible(true) is called */
public void setVisible(boolean visible) {
if (visible) {
Dimension d = Toolkit.getDefaultToolkit () .getScreenSize();
setLocation((d.width - getwidth())/2,
(d.height - getHeight())/2);
}

super.setVisible(visible) ;

public void windowClosing (WindowEvent pl) {
dispose() ;

System.exit (0) ;

public void windowDeactivated (WindowEvent pl) {}
public void windowClosed (WindowEvent pl) {}
public void windowDeiconified(WindowEvent pl) {}
public void windowOpened (WindowEvent pl) {}
public void windowIconified(WindowEvent pl) {}

public void windowActivated (WindowEvent pl) {}
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Because we're doing some event handling in the GuIFrame class, we need
to import the java.awt.event package. You should notice something
new in the class declaration—it uses the implements keyword. Specifi-
cally, it implements the windowListener interface. You learned a tiny bit
about interfaces this afternoon when you learned about the collection
API. What you learned still applies here, but keep in mind that interfaces
are covered in much more detail tomorrow, so I'm still keeping this
subject light here. All you need to know for now is that the window
Listener interface defines seven methods, which are listed in Table 4.1.

Because the curFrame class implements the windowListener interface, it
is required to implement all of these methods, even though six of these
seven methods are not actually needed by curFrame. The required methods
that we don't need to use simply have an empty body. That is, they just have
opening and closing curly braces with nothing inside of them. The only
method that GUIFrame provides a body for is the windowClosing ()
method. That method is automatically called for us when the user clicks the
x to close the window. So, in that method, we just dispose of the window
and close the program. The dispose () method de-allocates the memory
used for the GUI components and, therefore, makes them unable to
display. The system.exit () method stops the program from running. The
argument to the System.exit () method is an integer status code. By con-
vention, a nonzero status code indicates some abnormal termination status.

The addwindowListener () method adds a windowListener to the Frame’s
list of windowListeners (which is initially none). In the GuTFrame class,
this is passed in as the argument to the addwindowListener () method.
Because the GuiFrame class implements the windowListener interface
and, therefore, must have all of its methods, the GuIFrame class qualifies
as a WindowListener, and Java lets you refer to a GUIFrame as a
windowListener. Remember that the this keyword signifies the current
instance of this class, so we are adding #/is GUIFrame as a WindowListener
(it listens for its own window events). The windowEvent class encapsulates
information about window events. When a windowEvent is triggered, the
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corresponding windowListener method is called for all of the GuzFrame’s
windowListeners. Because this GuIFrame registered itself as its own window
Listener, any time a WindowEvent is fired (by someone messing around
with the Frame—for example, minimizing, maximizing, closing, and so
on), the windowListener methods that are defined within the GuIFrame
class will be called.

The GurFrame () constructor method takes a String argument to use as
its title, and makes a call to the super-class’s constructor (Frame () ), passing
the string argument to it. That takes care of constructing the base frame
for the GuTFrame class. Next, the method sets the background color using
the setBackground () method. SystemColor.control, which is a static
color object that belongs to the java.awt.systemcolor class, is the

TAaBLE 4.1 WINDOWLISTENER INTERFACE METHODS

Method Description

void windowActivated (WindowEvent) Called when a window becomes active
(able to accept input events).

void windowClosed (WindowEvent) Called when a window is closed (disposed).

void windowClosing (WindowEvent) Called when a user attempts to close a
window. (You implement this method to
conditionally close the window:.)

void windowDeactivated(WindowEvent) Called when a window is deactivated (loses
input focus).

void windowDeiconified(windowEvent) Called when a window is restored from a
minimized state.

void windowIconified (wWindowEvent) Called when a window becomes minimized.

void windowOpened (WindowEvent) Called when a window initially becomes
visible.
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color that your operating system uses as the components’ background
color, so this makes GuIFrame the same color as the other windows in
your operating system.

The cuiFrame class also overrides the setvisible () method. Whenever
this method is called, the window size and your screen’s pixel resolution
size are used to center the GUIFrame on your (or any other) screen. The
Toolkit class is used to figure out where the center of your screen is.
What is the Toolkit class (surely, this is getting confusing)? It’s the super-
class of all concrete implementations of the AWT, but that’s not impor-
tant right now. . . and stop calling me Shirley! Seriously, though, the
details aren’t important. If you must know them now, feel free to consult
the Java API specification, which you can find on Sun’s Java Web site
(http://java.sun.com). Actually it’s a good idea to bookmark the docu-
mentation so that you can refer to it as you progress through this book.
The quiFrame class will make it easier for you to test the other AWT
components. We'll define it once here and then use it throughout the rest
of tonight’s session. The fact that it centers itself on the screen is just a
bonus. Feel free to leave that out.

The GuIFrameTest tests out the GUIFrame class. Here is the source code
for the GUTIFrameTest program:
/ *

* GUIFrameTest

* Demonstrates the GUIFrame Class

*/
public class GUIFrameTest ({

public static void main(String args[]) {
GUIFrame frame = new GUIFrame (“GUIFrame Test”);
frame.setSize (400, 300);

frame.setVisible(true) ;
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The GUIFrameTest program 1s very similar to the SimpleFrameTest
program. The only difference is that GuIFrameTest uses the GUIFrame
class that you created, instead of using a standard Frame. You can see the
difference right away in Figure 4.3. The background color is different
(well, the figures aren't in color, but you can still tell). Also, it appears in
the center of the screen, and you can close it by clicking the x.

The Label Component

Let’s start adding components to the GuTFrame! The Label component is
a simple component. It is typically used to label other components or sec-
tions of your GUI or to display some short textual information to the

[} GUIFrame Test

Figure 4.3

The GUIFrame is
centered onscreen
and uses your
operating system’s
GUI color.
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user in the Frame. The LabelTest program, like most of the remaining
classes in tonight’s session, extends the GuIFrame class. Inside of the
LabelTest () constructor method, the first line calls the GuTFrame con-
structor method, passing the title, “Label Test” to it. Next, it creates a new
Label component, 1abel. The Label() constructor used here takes a
String argument, which is the value of the text that the Label will
display. The Label is added to the Frame by calling the adaa() method,
which is inherited from the container class.

The container class is the super-class for all GUI components that can
contain other components. The add() method accepts a Component
argument. The component class is the super-class for all GUI compo-
nents. The Label is a Component, and the Frame is a Container (Which
is actually also a component), so you can call the Frame’s add () method
to add the label to the Frame. After the Label is added, the size is set, and
the LabelTest Frame is made visible. This all happens within the con-
structor. So the main() method needs only to instantiate a new Label
Test object, which results in a call to the constructor, and thus the Frame
appears. Note that you can still close the Frame by clicking the x because
the LabelTest inherits all of the functionality we put into the GuIFrame
class. Here is the source code listing for the LabelTest program:

/*
* LabelTest
* Demonstrates the java.awt.Label Component

*/
import java.awt.Label;
public class LabelTest extends GUIFrame ({

public LabelTest() {

super (“Label Test”);
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//create a label and add it to the frame
Label label = new Label(“This is a Label”);
add (label) ;

setSize (200, 100);

setVisible(true) ;

public static void main(String args[]) {

new LabelTest () ;

You can see what the label looks like in Figure 4.4.

The Button Component and ActionEvents

Figure 4.4

This is what a
Label looks like.

Okay, you've got your first component, Label, out of the way, which is
good, because you can apply what you know about adding components to
Frames and the concept of what a container and a component are to the
rest of the AWT components. However, the Label component example
didn’t make use of any event-handling mechanisms. The next component
covered, the Button component, is the perfect component to demonstrate
some component event handling. The ButtonTest example program not
only shows you how to instantiate a Button and add it to a Frame, but also
how to do something when the user clicks the Button. This is accom-
plished through the AWT’s event-handling model. First, take a look at the
ButtonTest source code that follows; then I'll explain it:

Ega Label Test Hi=E3

This is a Label




1012 Learn Java In a Weekend

/*
* ButtonTest

* Tests out the java.awt.Button Component

*/

import java.awt.Button;

import java.awt.event.*;

public class ButtonTest extends GUIFrame

implements ActionListener {

public ButtonTest() {
super (“*Button Test”);
Button button = new Button(“Click me”);
button.addActionListener (this) ;
add (button) ;
setSize (200, 100);

setVisible(true) ;

//ActionListener Method
public void actionPerformed(ActionEvent event) ({
if (event.getSource() instanceof Button) {

System.out.println(“Button was clicked”);

public static void main(String args[]) {

new ButtonTest () ;
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Even though it uses event handling, it's not much more involved than the
LabelTest program, is it? The first thing you'll notice is that it imple-
ments a new interface, ActionListener. The ActionListener interface
requires that you implement only one method, actionPerformed().
When the Button is clicked, this method will automatically be called for
you, as long as you register with the Button as an ActionListener, which
the ButtonTest program does by Calling addActionListener (this).
Adding an event listener by calling one of the add methods is sometimes
referred to as registering a listener.

Any code that appears in the actionPerformed() method will be exe-
cuted whenever the Button is clicked. All the ButtonTest program does
in this method is test that the source of the event is a Button object and
if it is, it prints the message, Button was clicked. The argument to the
actionPerformed () method is an ActionEvent Object. It tests whether
the source of the event is a Button by calling the ActionEvent’s get-
Source () method, which it inherits from the java.util.EventObject
class, as all AWT event classes do. The getSource () method returns the
Object that triggered the event, so if the Button object, button, trig-
gered the event by someone clicking it, then a reference to button is
passed as the argument to the actionPerformed() method. The
instanceof operator is used to make sure that the object returned from
getSource () is an instance of the Button class. That’s all there is to it.
You can see what this should look like in Figure 4.5.

TextFields, TextAreas, and TextEvents

The AWT provides two text components, the TextField component and
the Textarea component. These components enable the user to enter text
data into a GUI. The TextField component allows a single line to be
entered, while the Textarea component allows multi-line entry. Both of
these classes extend the TextComponent class. The TextListener and
TextEvent classes enable you to handle text component-related events.
The TextcomponentTest program demonstrates this. Here is the source
code:
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Figure 45 C:3My Documents'wkndjavatchDh>java ButtonTest
was clicked
The e na
ButtonTest o
program adds a
Buttontoa
Frame. It
implements
Action
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that each time you
click it, a message
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standard output.

Button Test

Click me

/*
* TextComponentTest
* Tests the java.awt.TextField and java.awt.TextArea
* Components

*/

import java.awt.*;

import java.awt.event.*;

public class TextComponentTest extends GUIFrame

implements TextListener ({

public TextComponentTest () {
super (“Text Component Test”);
TextField tf = new TextField();
tf.addTextListener (this) ;

add(tf, BorderLayout.NORTH) ;

TextArea ta = new TextArea (10, 50);

ta.addTextListener (this) ;
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add(ta, BorderLayout.CENTER) ;
pack () ;

setVisible(true);

public void textValueChanged (TextEvent event) ({
TextComponent src = (TextComponent)event.getSource();

System.out.println(src.getText());

public static void main(String args[]) {

new TextComponentTest () ;

The TextComponentTest program instantiates both a TextField and a
TextArea component and adds them to the frame. The BorderLayout
stuff you see in the add() method just indicates where in the Frame to
display the components. BorderLayout is a layout manager. Border
Layout .NORTH indicates that the TextField, t£, should appear at the top
of the window, while BorderLayout . CENTER indicates that the Textarea,
ta, should go in the center. Layout managers are covered in more detail
later this evening. The TextField constructor that the TextComponent
Test program uses is the no-arg constructor, which initializes the
TextField so that it initially has no text in it. There is also another con-
structor that accepts a String argument that is used to initialize the
TextField’s text value. The TextArea () constructor is given two integers
that represent the number of rows and columns of text, respectively. Text
components also have methods for setting and getting their text values.
These method are setText () and getText (), respectively. The pack ()
method, which is inherited from the java.awt.window class, tells Java to
set the size of the Frame to the smallest possible size in which all of its com-
ponents can still fit.
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The TextListener interface defines one method, textValueChanged(),
which is called any time (yup—you guessed it) that the text value within
the text component changes. The TextcomponentTest program imple-
ments this method so that the entire text value of the event source com-
ponent is printed to standard output each time its text value changes.
First, the event source is cast to a TextComponent; then the getText ()
method is called, and the return value, which is the text value of the event
source, is printed. You can see this program in action in Figure 4.6.

To get the output you see in Figure 4.6, first I typed “only a” in the
TextField; then I typed “test” in the Textarea.

Choices, Lists, and ItemEvents

Figure 4.6

The Text
Component
Test program
demonstrates the
TextField and
TextArea
components. It also
uses Text
Listener t0
print to standard
output any time the
affected text
component’s value
changes.

Choices and Lists are components that allow users to make selections
from lists of options. The choice component is a drop-down list that lets
you select a single item. The List component can display multiple items
simultaneously and optionally allows for multiple selections to be made.
The interface that allows you to handle choice and List events is the
ItemListener interface. The associated event class is the ItemEvent
class. The choiceListTest program demonstrates this:

Eg_aTexl Component Test
only a
tesd
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/*

* ChoiceListTest

* Tests the java.awt.Choice and java.awt.List Components.

*/

import java.awt.*;

import java.awt.event.?*;

public class ChoicelListTest extends GUIFrame

implements ItemListener {

public ChoiceListTest () {

super (“Choice/List Test”);

Choice choice = new Choice();

choice.add(“Playstation 2”");

choice.add (“GameCube”) ;

choice.add(“Dreamcast”) ;

choice.add (“Xbox") ;

choice.addItemListener (this);

add (choice, BorderLayout.WEST) ;

List list = new List (4, true);
list.add(“*Mustard”) ;
list.add(“Mayo”) ;
list.add(“Lettuce”);
list.add(“Tomato”) ;
list.add(“Pickles”) ;
list.add(“Onions”) ;

list.

addItemListener (this);

197
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add(list, BorderLayout.EAST) ;

pack();

setVisible(true);

public void itemStateChanged(ItemEvent event) ({

//get the object that triggered the event (Choice or List)

ItemSelectable selectable = event.getItemSelectable();
//get the selected/deselected item

Object affectedItem = event.getItem();

String msg = “itemStateChanged: \””;
if (selectable instanceof List) {

//for List, affectedItem is an Integer index value

int index = ((Integer)affectedItem).intValue();
msg += ((List)selectable).getItem(index);
}
else {
//for Choice, affectedItem is the actual String item
msg += event.getItem();

}
msg += “\” “ + (event.getStateChange()

== ItemEvent.SELECTED ? “ selected” : “ deselected”);
System.out.println(msg + “ from ™

+ selectable.getClass () .getName()) ;
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public static void main(String args[]) {

new ChoiceListTest () ;

The choiceList program has a Choice object, choice, and a List
object, 1ist. The choice is instantiated using the no-arg constructor,
which is the only constructor method available in the choice class. It
creates an empty Choice object. To add selectable options to the choice,
you call the add () method, which accepts a string argument. Each time
you call the add () method, a new option is added to the choice object.
The choiceList program adds four options to choice. list is instanti-
ated using the List () constructor. The choiceTest program passes two
arguments to it—an int and a boolean. The int argument specifies how
many rows are visible simultaneously. This program sets the number of
rows to 4. The boolean argument specifies whether multiple selections
are allowed. Because this program passes in true for this argument, you
can select multiple items from 1ist.

The TextListener interface has only one method in it, itemState
Changed (). This method is called anytime an item is selected or dese-
lected. Like all event classes, TtemEvent returns the source of the event as
an Object when its getSource() method is called. TtemEvent has
another method in it, getItemSelectable (), which returns the source
of the event as an ITtemselectable object. Choice and List both imple-
ment the TtemSelectable interface and can both be referred to as Item
Selectable objects. The first thing this program does in the itemstate
Changed () method is call the getItemSelectable() method. Next, it
calls TtemEvent’s getItem() method, which returns the object within
the ItemSelectable that actually triggered the event. For example,
selecting “PlayStation 2” from choice will cause the getItem() method
to return a String object (as an object object) having the value
“PlayStation 2.” getItem() returns Object instead of string because
different TtemEvent sources can have different types of items in them.
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Figure 4.7

A Choice and a
List component
are shown here,
and the events that
they trigger show
up in the MS-DOS
prompt window.

Take List, for example. Instead of returning a String, getItem() returns
an Integer object that represents the index of the selected item when the
source of the ItemEvent is a List component. This is why the Item
Selectable object, selectable, is checked to see whether it’s an instance
of List or an instance of Choice. If it’s an instance of List, you have to
get the Integer object returned by getItem(), parse it to an int primi-
tive, and get the value of the item from the List using that int value as
an index. The getTtem() method defined in the List class (not to be con-
fused with ItemEvent’s getItem() method), which accepts an int argu-
ment, returns the string value of the item found at the given int index.

Yet another method in the TtemEvent class is getStatecChange (), which
returns an int. You can test the returned int against two ItemEvent con-
stants, ItemEvent.SELECTED and ItemEvent.DESELECTED. As you
might guess, they are flags that indicate whether this TtemEvent was trig-
gered by an item being selected or deselected from the Itemselectable
Object. In the choiceListTest program, the itemStateChanged()
method calls these methods and builds a string that describes the event
that was triggered and prints that string to standard output. You can see
the results in Figure 4.7.

C:3My Documents‘wkndjavaichDb>java ChoicelistTest
itemStateChanged: "Playstation 2" selected from java.awt.Choice
itemStateChange Mayo™ selected from java.awt.lList
itemStateChange Tomato" selected from java.awt.lList
itemStateChanged: ttuce” selected from java.awt.list
itemStateChange ttuce” deselected from java.awt.list
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Checkboxes and CheckBoxGroups

Checkboxes, which are also known as radio buttons or toggle buttons,
are also available in the AWT. These components have a label associated
with them, as well as the actual checkbox with which the user can inter-
act to toggle their true/false state. An example of a possible use of a
Checkbox component would be a mute button on an audio player. The
audio is either muted or it’s not, so it’s either true or false. Checkbox
Group objects are used to group Checkbox components together so that
only one of them can be used at a time. An example of a possible use for
a CheckboxGroup is a stereo/mono choice. It must be one or the other; if
you select stereo, then mono is automatically deselected and vice versa.
The checkboxTest program tests some Checkbox components without
an associated CheckboxGroup and also tests some Checkbox components
with an associated Checkbox group. Here is the source code listing for
CheckboxTest:

/*
* CheckboxTest

* Tests the Checkbox Component and CheckboxGroup class

*/

import java.awt.*;

import java.awt.event.*;

public class CheckboxTest extends GUIFrame

implements ItemListener {

public CheckboxTest () {
super (“Checkbox Test”);
Panel p = new Panel();
Checkbox ¢l = new Checkbox(“shirt”);

cl.addItemListener (this);
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Checkbox ¢2 = new Checkbox(“pants”) ;
c2.addItemListener (this);
Checkbox ¢3 = new Checkbox(“socks”);

c3.addItemListener (this);

p.add(cl);
p.add(c2);
p.add(c3);

CheckboxGroup cbg = new CheckboxGroup() ;

Checkbox c4 = new Checkbox(“sneakers”, false, cbg);
c4.addItemListener (this);

Checkbox ¢5 = new Checkbox(“shoes”, false, cbg);
c5.addItemListener (this);

Checkbox c6 = new Checkbox(“boots”, false, cbg):;

c6.addItemListener (this);

p.add(c4);
p.add(c5);
p.add(cé6) ;

add(p) ;
pack();

setVisible(true) ;

public void itemStateChanged(ItemEvent event) ({
String msg = (String) event.getItem();
//this is not always intuitive

msg += event.getStateChange() == ItemEvent.SELECTED
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? “ selected” : “ deselected”;

System.out.println(msg);

public static void main(String args[]) {

new CheckboxTest () ;

First, three checkbox components are created that don’t belong to a
CheckboxGroup: “shirt”, “pants”, and “socks”. This means that each
of these components can individually be selected and deselected. The
constructor that I used for these accepts a single string argument, which
sets the text for the checkbox labels. Next, three other checkboxes that
do belong to a2 CheckboxGroup are created: “sneakers”, “shoes”, and
“boots”. Because they all belong to the same checkboxGroup, only one
of these three options can be selected at one time. The constructor that I
used for these other three checkbox components accepts three argu-
ments: a String label, a boolean state, and a checkboxGroup object. The
label argument works exactly as before; the boolean argument sets
whether or not the checkbox is initially selected (true) or deselected
(false). The checkbox is associated with the CheckboxGroup Object
argument. You associate Checkbox components with each other in a
CheckboxGroup by passing the same CheckboxGroup object to each of
their constructors.

Like choices and Lists, Checkbox events are handled by the TtemListener
interface. The itemStateChanged () method in the checkboxTest program
prints the label of the source of the TtemEvent, and, in much the same way
as the ChoiceListTest program handled ItemEvents, it also indicates
whether the event was triggered as a result of the checkbox being selected or
deselected. Did you see the in-line comment that the getstatechange ()
method is not always intuitive? It’s not because, if you click a checkbox that
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belongs to a CheckboxGroup multiple times successively, even though the
Checkbox stays selected, every time after the initial selection will appear to be
a deselection. Keep this in mind when you handle TtemEvents for check
boxes. It would be a better idea to check which item is selected using the
getSelectedCheckbox () method that is defined in the CheckboxGroup
class, instead of checking which checkbox generated the event and checking
whether it was selected or deselected. Figure 4.8 shows the results of the
CheckboxTest program.

Canvases and MouseEvents

The canvas component is basically used for drawing graphics. AWT
Graphics programming is covered tomorrow morning, so I'll just intro-
duce you to the canvas component quickly here. It’s also a good time to
cover MouseEvents. The canvasMouseTest uses a Canvas and adds a
MouseListener to it so that when you click on the canvas, a dot is
painted in the location of the mouse cursor, and the coordinates are
printed to the standard output stream. Here is the source code:

/*
* CanvasMouseTest

* Tests the Canvas component and MouseListener interface.

&l 5| 5[5 Al

Documentsiwkndjavadchld>java CheckboxTest
selected
selected
selected
deselected
sneakers selected
shoes selected

Figure 4.8 boots selected

Shirt, pants, and
socks are individual I} Chockbox Test [-[O0x]
CheckBoxes,
but sneakers,
shoes, and boots
are part of a
CheckBox
Group.

F’_Shin r"—pants rsocks (" sneakers ( shoes (@
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*/

import java.awt.*;

import java.awt.event.*;

public class CanvasMouseTest extends GUIFrame

implements MouseListener ({

public CanvasMouseTest () {
super (“Canvas and MouseListener Test”);
Canvas canv = new Canvas() ;
canv.setSize (200, 200);
canv.addMouseListener (this) ;
canv.setBackground (Color.red) ;
add(canv) ;
pack();

setVisible(true) ;

public void mousePressed(MouseEvent event) {

Point p = event.getPoint();
System.out.println(“Mouse Pressed at: “ + p);
Graphics g = ((Canvas)event.getSource()) .getGraphics();

g.filloval(p.x, p.y, 10, 10);

public static void main(String args[]) {

new CanvasMouseTest () ;
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public void mouseReleased(MouseEvent event) {}
public void mouseEntered(MouseEvent event) {}
public void mouseClicked(MouseEvent event) {}

public void mouseExited (MouseEvent event) {}

The canvas, canv, is constructed with the no-arg constructor method.
Then canv’s size is set to 200 pixels by 200 pixels. The canvasMouseTest
program implements the MouseListener interface and is registered as
canv’s MouseListener. Then canv’s background color is set to red and
added to the Frame. The mousePressed () method of the MouseListener
interface is implemented by canvasMouseTest so that a dot is drawn
when you press the mouse button on canv. Also, the location of the click,
which is determined by calling MouseEvent’s getPoint () method, which
returns a Point object, is printed to standard output. The details of how
the dot gets there are not important. I put it there for fun and so that you
can more easily see the effect of pressing the mouse button directly within
the GUIL. The mousepPressed() method is called when you depress the
mouse button in the area of the component, in this case canv.

The other four MouseListener methods work as follows. The mouse
Released() method is called when you let go of the button. The
mouseEntered () and mouseExited () methods are called when the mouse
pointer enters and exits the area over the component, and the
mouseClicked () method is called when the mouse button is clicked
over the component. The MouseEvent class also has a method called
getModifiers (), which returns an int value that can be compared to
constants that are defined in the InputEvent class to determine which
mouse button triggered the MouseEvent, if any. For example,
InputEvent.BUTTON1_MASK indicates that the left mouse button was
used, and InputEvent.BUTTON3_MASK (yes that’s a 3!) indicates that the
right mouse button was used. You can see the output of the canvas
MouseTest program in Figure 4.9.
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Documents’wkndjavaichDh> java CanvasMouseTest

: Pressed H | awt . Point[x=040,y=31]

: Pressed -awt . Point[x=140,y=48] )

» Pressed -awt . Point[x=115,y=85] Egj[ianvas and Mouse... [SI[a] E3
: Pressed -awt . Point[x=155,y=29]

» Pressed awt . Point[x=%4,v=116]

: Pressed -awt . Point[x=4%,v=117]

» Pressed -awt . Point[x=86,y=00]

: Pressed -awt . Point[x=11,v=181]

» Pressed awt Point[x=1%3,y=193]

. : Pressed = -awt Point[x=125,y=155]
F|gu|’e 49 » Pressed = awt . Point[x=3%,v=68]
—

A dot appears

wherever you click
the canvas, and
the coordinates
print to standard
output.

Menus and Popup Menus

Every Frame object can be associated with a MenuBar object. A frame’s
menu bar is usually at the top of the frame, underneath the title bar. It
contains a set of options, which themselves are Menu objects. A menu
appears when an option is selected from the menu bar. The Java classes
that build menus are organized as follows. When selected, Menus drop
down from the MenuBar. Menu objects contain MenuItem objects. A
MenuItem is the option that exists within a Menu. To use MenuItems, you
must first create them and add them to Menus, then add the Menus to the
MenuBar, and then, finally, associate the MenuBar with the Frame object.
Here’s a quick example:

Menultem myItem = new Menultem(“Some Option”) ;
Menu myManu = new Menu(“Some Menu Title”);
myMenu.add (myItem) ;

MenuBar myBar = new MenuBar();
myBar .add (myMenu) ;

frame.setMenuBar (myMenuBar) ;
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This assumes that frame is a valid Frame object. The PopupMenu compo-
nent is a subclass of Menu that doesn’t have to be attached to a MenuBar.
It can pop up anywhere you want. The MenuTest program, listed next,
tests the Menu and PopupMenu components:
/ *

* MenuTest

* Demonstrates how to build a GUI Menu.

*/

import java.awt.*;

import java.awt.event.?*;

public class MenuTest extends GUIFrame implements ActionListener,

MouseListener {
PopupMenu popup;

public MenuTest () {

super (“*Menu Test”);

//create MenuBar object

MenuBar menuBar = new MenuBar();

//create a new Menu object

Menu fileMenu = new Menu(“File”);

//add “New” to the menu (including menu shortcut)
MenulItem fm new = new Menultem(“New”) ;
fm_new.setShortcut (new MenuShortcut (KeyEvent.VK_N)) ;

fileMenu.add (fm_new) ;
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//add some more menu items without shortcuts
fileMenu.add (new Menultem(“Open”)) ;
fileMenu.add (new Menultem(“Save”)) ;

fileMenu.add (new MenuItem(“Save as...”));

//create a submenu

Menu submenu = new Menu(“Sub menu”) ;
submenu.add (new MenuItem(“subitem 1”));
submenu.add (new MenuIltem(“subitem 2”));

submenu.add (new MenuItem(“subitem 3”));

//add the submenu to the file menu
fileMenu.add (submenu) ;

menuBar.add (fileMenu) ;

//add a separator

fileMenu.addSeparator () ;

//add a Menultem that actually does something
MenuItem fm_exit = new Menultem(“Exit”);
fm_exit.setShortcut (new MenuShortcut (KeyEvent.VK_X));
fm exit.addActionListener (this);

fileMenu.add (fm_exit) ;
setMenuBar (menuBar) ;

//create the popup menu
popup = new PopupMenu (“Popup Menu”) ;
popup.add(new MenuItem(“Copy”));

popup.add(new MenuIltem(“Cut”));
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popup.add(new Menultem(“Paste”));

add (popup) ;

addMouseListener (this) ;

setSize (300, 200);

setVisible(true) ;

public void actionPerformed(ActionEvent event) {
dispose() ;

System.exit (0);

public static void main(String argsl[]) {

new MenuTest () ;

public void mousePressed(MouseEvent event) {
if (event.getModifiers() == InputEvent.BUTTON3_MASK) {

popup.show(this, event.getX(), event.getY());

public void mouseReleased(MouseEvent event) {}
public void mouseEntered(MouseEvent event) {}
public void mouseClicked(MouseEvent event) {}

public void mouseExited (MouseEvent event) {}



Figure 4.10

Here, you can see
the submenu under
the File menu.You
can also right-click
anywhere in the
window and see
the popup menu
appear.
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The MenuTest program creates a menu similar to the previous example,
but it does some more cool stuff. The first cool thing it does is set a
MenuShortcut for the “New” Menultem. It sets the shortcut to
KeyEvent .VK_N, which is a constant that signifies the N key on your
computer’s keyboard. When you look at Figure 4.10, you can see that the
keyboard shortcut is automatically printed in the File menu along with
the “New” text that I set.

Next, MenuTest creates a submenu. To do this, it just creates a standard
Menu and adds MenuItems to it. But, instead of adding it to a MenuBar, it
adds it to the fileMenu object, which is a Menu itself. This is possible
because Menu is a subclass of MenuItem. You can also see what the
submenu looks like in Figure 4.10. The MenuTest program also adds a
separator to fileMenu by calling the addseparator() method. This
draws a line to visually separate MenuItems from each other.

The MenuTest program implements both ActionListener and
method of the action
Listener interface is used to exit the system. The only component that

MouseListener. The actionPerformed()

E‘%Menu Test !E‘E
Iese Cirl+M
Open
Save
Save as...
Sub men subitem 1
: subitem 2
Exit Chrl+x
subitem 3
E‘%Menu Test !EE

File

Copy

Pazte
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MenuTest listens to is the fm_exit MenuItem. An ActionEvent is trig—
gered when you select this item from fileMenu. Also, because a shortcut
key is set to x, pressing Ctrl+X triggers the action event, and the frame
closes. The MouseListener interface is used to display the PopupMenu. If
you right-click anywhere in the frame, the PopupMenu will appear wher-
ever you clicked.

The Panel Container

The Panel container can be used to hold multiple components, and it
can be added to a container itself. The Panel container gives you a
way of nesting components within each other. The PanelTest program
demonstrates this fact. Here is the source code for panelTest:
/ *
* PanelTest
* Demonstrates that you can add other components to the Panel
* container and add the panel to another container.

*/
import java.awt.*;
public class PanelTest extends Panel {

public PanelTest() {

super () ;

//add a bunch of buttons
for (int b = 1; b <= 50; b++) {
add (new Button(String.valueOf(b)));
}
//paint it black

setBackground (Color.black) ;
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public static Panel getMotherOfAllPanels() {
Panel p = new Panel (new GridLayout (0, 2, 5, 5));
p.add(new PanelTest());
p.add(new PanelTest()):;
p.add(new PanelTest()) ;
p.add(new PanelTest());

return p;

public Dimension getPreferredSize() {

return new Dimension (250, 225);

public static void main(String args[]) {
GUIFrame frame = new GUIFrame (“Panel Test”);
frame.add (PanelTest.getMotherOfAllPanels()) ;
frame.pack() ;

frame.setVisible(true) ;

The PanelTest class extends the panel class. Inside of the constructor, a
loop creates 50 buttons and adds them all to the panel. The constructor
also sets the background color to black, so you can see the contrast
between the color of the Panel and the color of the curFrame that con-
tains the panel. The getPreferredSize() method returns a Dimension
object, which is basically an encapsulation of width and height parameters.
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The panelTest overrides this method, which is inherited from the
component class. When a Frame lays out its component, it calls this
method in order to figure out the size the component should be. I just
overrode the method to force the size to be 250 x 225. The setsize()
method won’t do here because the Frame will turn to the getPreferred
size() method in any case. There is also a static method called get
MotherOfAllPanels (). All it does is create four instances of PanelTest
and adds them to a new panel, which it returns. The main() method
creates a GUIFrame and then calls getMotherofallPanels () to get four
PanelTest Panels inside of another panel. Then it just displays them.
You can see what this looks like in Figure 4.11.

Scrollbars and AdjustmentEvents

Figure 4.11

Scrollbars allow users to select from a range of numerical values using
a slider that can slide from some minimum value to some maximum
value. Scrollbars generate AdjustmentEvents when their selected

;=3 Panel Test =]
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Here, four Panels
are added to
another Panel,
which is added

10 a Frame.
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values are modified. The scrollbarTest program demonstrates the

Scrollbar component and how to handle AdjustmentEvents:

/*
* ScrollbarTest
* Tests out the Scrollbar component and AdjustmentListener
* interface.

*/

import java.awt.*;

import java.awt.event.*;

public class ScrollbarTest extends GUIFrame

implements AdjustmentListener {

private Scrollbar scrollbar;

private Label value;

public ScrollbarTest () {
super (“Scrollbar Test”);
//min max value for the scrollbar

int min = 0, max = 100;

//construct a new scrollbar (add visible amount to max)

scrollbar = new Scrollbar (Scrollbar.HORIZONTAL, 0, 1,
min, max + 1);

scrollbar.addAdjustmentListener (this) ;

add (scrollbar, BorderLayout.CENTER) ;

add (new Label (String.valueOf (min)), BorderLayout.WEST);

add (new Label (String.valueOf (max)), BorderLayout.EAST);
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value = new Label (String.valueOf (scrollbar.getValue()),
Label.CENTER) ;

add (value, BorderLayout.NORTH) ;

setSize (200, 75);

setVisible(true) ;

public void adjustmentValueChanged (AdjustmentEvent event) ({

value.setText (String.valueOf (scrollbar.getvValue()));

public static void main(String args[]) {

new ScrollbarTest () ;

The scrollbarTest program constructs the Scrollbar like this:

scrollbar = new Scrollbar (Scrollbar.HORIZONTAL, 0, 1, min,
max + 1);

All five arguments are int values. The first one is the orientation. In this
example, the orientation is set to Scrollbar.HORIZONTAL. The other
option is Scrollbar.VERTICAL. The second argument is the initial value,
the third is its visible amount, the fourth is its minimum, and the fifth
argument is the maximum value. The actual maximum value is the given
maximum value minus the visible amount. The visible amount is the size
of the slider and the increment amount for the slider as it is moved. So,
I set the maximum value in the constructor tomax + 1 (101) because the
actual maximum should be 100, for the sake of this example, and the
visible amount is 1. If you run this program and slide the slider all the
way to the right, you'll see that the value is 100, not 101.



Figure 4.12

The Scrollbar
Test program uses
a Scrollbar
and updates the
value of the
Label above it
when an
Adjustment
Event is fired. An
Adjustment
Event is fired
when the
Scrollbar
slider is moved.
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The sliderTest program uses labels to label the minimum value (left),
the maximum value (right), and the current value (top). The adjustment
Listener interface needs Onbf one Incthod, adjustmentValue
Changed (). All I did for that method was update the value label to
reflect the current value of the slider. You can see how this should look in
Figure 4.12.

E%' Scrollbar Test
75

1] ‘l | P|1DD

P[=] B3

ScrollPanes

ScrollPanes are Containers that can optionally have sliders. This is
useful in cases where the contained components don't quite fit within the
Container. You should be very familiar with the concept of scroi1
Panes. You see them all the time when youre surfing the Web and the
whole content of the Web page doesn’t fit in the browser’s window; you
have to scroll down to continue reading. The ScrollpaneTest program
demonstrates how to do this in Java. Here is the source code:

/*
* ScrollPaneTest

* Tests out the ScrollPane component.

*/
import java.awt.*;
public class ScrollPaneTest extends GUIFrame {

public ScrollPaneTest () {
super (“ScrollPane Test”);

ScrollPane scrollPane
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= new ScrollPane(ScrollPane.SCROLLBARS_ALWAYS) ;
//add a big panel by calling PanelTest’s static method
scrollPane.add (PanelTest.getMotherOfAllPanels());
scrollPane.setSize (250, 250);
add (scrollPane) ;
pack() ;

setVisible(true) ;

public static void main(String args[]) {

new ScrollPaneTest();

The scrollpaneTest program is actually quite simple. The scrollpane ()
constructor is passed an int flag, ScrollPane.SCROLLBARS_ALWAYS,
which indicates that the scrollbars (vertical and horizontal) should appear
always, no matter if the content fits within the Container or not. There are
two other options, ScrollPane.SCROLLBARS_AS_NEEDED and Scroll
Pane.SCROLLBARS_NEVER, which are self-explanatory. The scroll
PaneTest program then calls a method you already created,
PanelTest.getMotherOfAllPanels (), as a quick way to generate an area
big enough to test the ScrollPane container. Then the size of the Frame
is purposely set to a smaller size than the mother of all panels, so that the
scrollbars will actually make a difference. You can see how this looks in
Figure 4.13.

Dialog Windows

Dialog windows are popup windows that belong to either a Frame or
another dialog window. Dialogs can be modal or non-modal. When a
modal dialog pops up, it takes focus and won't let go until it’s dismissed.



Figure 4.13

The
ScrollPane
Test program

creates a Panel
that is bigger than
its display size.
Scrollbars
enable you to see
what’s hidden.
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This means that while a modal dialog window is visible, you cant do any-
thing else until the dialog window is no longer visible. A non-modal
dialog can coexist with its parent and will share focus with it. This means
you can have a non-modal dialog window visible and still do stuff in the
parent frame or dialog. The pialog class is used to create dialog windows.
The pialogTest program shows you how to use Dialog objects. The
source code is as follows:
/%

* DialogTest

* Demonstrates Dialog windows

*/

import java.awt.*;

import java.awt.event.*;

public class DialogTest extends GUIFrame implements ActionListener,

WindowListener {
Dialog nonModal, modal;

public DialogTest() {
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super (“Dialog Test”);

Button fButton = new Button(“Open non-modal Dialog”);
fButton.addActionListener (this) ;

add (fButton) ;

nonModal = new Dialog(this, “Non-modal”, false);
Button dnmButton = new Button(“Open modal Dialog”) ;
dnmButton.addActionListener (this) ;
nonModal .add (dnmButton) ;

nonModal.setSize (200, 100);

nonModal .addWindowListener (this) ;

modal = new Dialog(nonModal, “Modal”, true);
modal.add (new Label (“Modal Dialog”));
modal.setSize (100, 50);

modal .addWindowListener (this) ;

setSize (300, 200);

setVisible(true);

nonModal .setLocation (getLocation()) ;

modal.setLocation(getLocation()) ;

public void actionPerformed(ActionEvent event) {
Container parent = ((Button)event.getSource()).getParent();
if (parent == this) {

nonModal.setVisible (true) ;
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else if (parent == nonModal) {

modal.setVisible (true) ;

public void windowClosing (WindowEvent event) {
if ((Window)event.getSource() == this) {
super.windowClosing (event) ;
}
else {

( (Window) event.getSource()) .setVisible(false) ;

public void windowDeactivated (WindowEvent event) {}
public void windowClosed (WindowEvent event) {}
public void windowDeiconified(WindowEvent event) {}
public void windowOpened (WindowEvent event) {}
public void windowIconified(WindowEvent event) {}

public void windowActivated(WindowEvent event) {}

public static void main(String args[]) {

new DialogTest();

The pialogTest program creates two intuitively named pialog objects:
modal, a modal dialog, and nonModal, a non-modal dialog. The non-
modal dialog has the GurFrame as its parent and the modal dialog has the
non-modal dialog as its parent. You must specify the parent in the pialog()
constructor method. I used the three-arg constructor, which is of the form
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Figure 4.14

The
DialogTest
program
demonstrates the
use of both modal
and non-modal
dialog windows.

Dialog(parent, title, modal_flag);

parent must be of type Dialog or Frame, title is the String title of the
Dialog object window, and modal_flag is a boolean that indicates if
this DialogiSInodal(true)(H nonﬂnodal(false)'rhe DialogTest
program extends GUIFrame and implements ActionListener and window
Listener. The actionpPerformed() method gets the source of the
ActionEvent (a Button), which it must explicitly cast as a Button object.
From there, it figures out who owns the Button (either the GuIFrame
(this) or the non-modal pialog object) by calling the getparent ()
method, which can be called on any component to get a reference to its
Container. If the Button is owned by this object, it must be in the
GUIFrame and, therefore, pop up the non-modal dialog. If not, the
Button must belong to the non-modal pialog object and, therefore,
display the modal dialog. That’s how the logic for the action
Performed () method works. The windowClosing () method closes the
window that corresponds to the x that is clicked. The method figures this
out by testing whether the source of the windowEvent is this object. If
it is this object, then we already implemented this method in the super-
class (GuzFrame) and can pass the buck by calling it like this:

super.windowClosing (event) ;

If the source of the windowEvent is not this, then it must be one of the
two dialogs. Whichever it is, set its visible state to false (hide it). You
can see the results in Figure 4.14, but youd actually have to run the
program yourself to see the difference between modal and non-modal

dialog Windows.

[EiModal 3 [=1E3
Modal Dialog

Open modal Dialog

Open non-modal Dialog
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Don't forget to check out Java’s J2SE API documentation for more detailed documenta-
tion on the java.awt package when you have time. This book covers a lot of stuff in
a relatively short amount of time. | cover everything you need to know to get started
with the AWT, but there’s actually a lot more to it. You can find the API documentation

on Sun’s Web site at http://java.sun.com.
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TIP

Take a Break

Okay, we've gotten through all the components that this book covers. Now
is a good time for a break. When you're ready to come back, we'll go over
layout managers. Then, finally, we'll get back to the calculator project.

Layout Managers

Containers use layout managers to decide where to place components and
how to organize them. This section covers the five major AWT layout
managers: FlowLayout, BorderLayout, GridLayout, GridBagLayout,
and cardrayout. They're all quite different from each other, so it’s good
to know them all.

FlowLayout

The FlowLayout manager is the easiest to use of all of the layout man-
agers. It simply arranges the components from left to right, and when it
runs out of room, it wraps them to a new line. (To visualize this, consider
the way your word processor wraps words within a paragraph.) By default,
each “line” of components is centered, but you can specify left, right, or
center alignment. The FlowLayoutTest program demonstrates how to
use the FlowLayout layout manager. You set the desired layout manager
for a particular container by calling the setrayout() method. Flow
Layout is the default layout manager for panels. Here is the source code:
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/*
* FlowLayoutTest

* Demonstrates use of the FlowLayout layout manager.

*/

import java.awt.*;

import java.awt.event.?*;
public class FlowLayoutTest extends GUIFrame ({

public FlowLayoutTest () {
super (“FlowLayout Test”);
addWindowListener (this);

setLayout (new FlowLayout (FlowLayout.RIGHT, 20, 50));

for (int b=1l; b <= 15; b++) {
add (new Button(“Button “ + Db));

}

setSize (575, 300);

setVisible(true) ;

public static void main(String args[]) {

new FlowLayoutTest () ;

I used the FlowLayout (int, int, int) constructor method, which sets
the alignment and the horizontal and vertical spacing between the com-
ponents that it lays out. You can see the results in Figure 4.15.
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Button 2 | Button 3 | Button 4 | Button 5 | Button & | Button ¥ |

Figure 4.15

—— Buton8 | Butons| Buton1o| Buton11| Buton12|  Bution13 |

In this example, the
FlowLayout
manager lays out Buton 14|  Bution 15 |
15 buttons using
FlowLayout.
RIGHT alignment.

BorderLayout

The BorderLayout layout manager separates a container’s area into five
sections: north, south, east, west, and center. You will see in the Border
LayoutTest program that follows that there are five corresponding Border
Layout constants for each of these sections. BorderLayout attempts to
resize all of its components so that they completely fill their designated
areas. BorderLayout is the default layout manager for the Frame class (and,
thus, for the cuiFrame class). The BorderLayoutTest program clearly
demonstrates how this layout manager works. Here is the source code:

/*
* BorderLayoutTest
* Demonstrates the BorderLayout layout manager

*/

import java.awt.*;

import java.awt.event.*;

public class BorderLayoutTest extends GUIFrame {
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public BorderLayoutTest () {
super (“BorderLayout Test”);
addwindowListener (this) ;

setLayout (new BorderLayout());

add (new Button(“Center”), BorderLayout.CENTER) ;
add (new Button(“North”), BorderLayout.NORTH) ;
add (new Button(“East”), BorderLayout.EAST);

add (new Button(“South”), BorderLayout.SOUTH) ;
add (new Button(“West”), BorderLayout.WEST);
pack() ;

setSize (400, 300);

setVisible(true) ;

public static void main(String args[]) {

BorderLayoutTest blt = new BorderLayoutTest();

The BorderLayout manager’s regions are clearly shown by appropriately
labeled buttons, as you can see in Figure 4.16.

GridLayout

The cridrayout class lays out its components in a grid of equally sized
rectangular cells. You just need to specify the number of rows and
columns and then add the components. The cirdrayout layout manager
adds the components from left to right in rows, beginning at the top and
continuing to the bottom. The GridrayoutTest program demonstrates



Figure 4.16

The
BorderLayout
manager lays
components out in
five areas: North,
South, East, West,
and Center.
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Ega BorderLayout Test
Marth

Center

this. Note that when the number of rows or columns is specified as zero,
that is an indication that any number of rows or columns can exist. You
cannot have both rows and columns specified as zero at the same time. It
then bases the layout on the number of components there are to lay out.
The Gridrayout(int, int, int, int) constructor accepts the
number of columns, number of rows, horizontal gap between compo-
nents, and the vertical gap between components. Here is the source code
for the GridrayoutTest program. The output is shown in Figure 4.17.

/*
* GridLayoutTest
* Demonstrates the GridLayout layout manager

*/

import java.awt.*;

import java.awt.event.*;
public class GridLayoutTest extends GUIFrame {

public GridLayoutTest () ({

super (“GridLayout Test”);
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addWindowListener (this) ;

setLayout (new GridLayout (0, 3, 5, 10));

for (int b=1l; b <=12; b++) {

add (new Button(“Button “ + Db));

pack();

setVisible(true) ;

public static void main(String args[]) {

GridLayoutTest glt = new GridLayoutTest();

GridBagLayout and GridBagConstraints

Figure 4.17

In this example, the
GridLayout
manager lays out
12 buttons in a
grid of 4 rows

by 3 columns of
equal-sized cells.

The GridBagLayout layout manager is much more difficult to use than
the other layout managers. It’s sort of like a loosely defined grid that is
less strict than Gridrayout. It doesn’t have a set number of rows or
columns, and it uses a helper class, GridBagconstraints, to set the con-

straints for each component that it lays out. The eridBagconstraints
fields are shown in Table 4.2.

=] ridLayout Test H=1E3

Button 2 | Button 3 |

Button 4 | Button 5 | Button & |

Button 7 | Button 8 | Button 9 |

Eluttonml Button 11 | Elutt0n12|
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TABLE 4.2 GRIDBAGCONSTRAINTS FIELDS

Field Description

int anchor Specifies where to place a component within its cell if the cell area is
larger than the component. Possible values are the static constants
NORTH, NORTHEAST, EAST, SOUTHEAST, SOUTH, SOUTHWEST, WEST,
NORTHWEST, and CENTER.

int £ill Specifies how to resize a component to fit its cell if the cell area is
larger than the component. Possible values are the static constants
HORIZONTAL, VERTICAL, BOTH, Of NONE.

int gridheight Specifies how many rows this cell spans.

int gridwidth Specifies how many columns this cell spans.

int gridx Specifies the x-coordinate at the left side of this component, where
the leftmost cell has the value gridx=0.

int gridy Specifies the y-coordinate at the top of this component, where the
topmost cell has the value gridy=0.

Insets insets Specifies how much space to allow outside the component (external
padding).
int ipadx Specifies the internal horizontal padding, or how much to add to the

horizontal size of the component.

int ipady Specifies the internal vertical padding, or how much to add to the
vertical size of the component.

int weightx Specifies how much horizontal weight this component has when its
container is resized.The greater the number, the larger it will be in
comparison to other components when the container is enlarged.

int weighty This is the same as weightx except that it specifies vertical weight.

continued
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TABLE 4.2 GRIDBAGCONSTRAINTS FIELDS

Field Description

static int RELATIVE This value can be set to gridwidth or gridheight, in which
case it signifies that this component is the next-to-last compo-
nent in that row or column, respectively. It can also be set to
gridx or gridy, in which case it signifies that this component
should be placed right next to the previous component (just to
the right for gridx and just underneath for gridy).

static int REMAINDER This value can be set to gridwidth or gridheight to specify
that it should be the last component in its row or column,
respectively.

Let’s get a quick example out there. Take a look at the GridBagLayoutTest
pI' ogram:
/ *

* GridBagLayoutTest

* Tests out the GridBagLayout layout manager.

*/
import java.awt.*;
public class GridBagLayoutTest extends GUIFrame {

public GridBagLayoutTest () {

super (“GridBagLayout Test”);

GridBagLayout gbl = new GridBagLayout();
GridBagConstraints gbc = new GridBagConstraints();

setLayout (gbl) ;
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Button bl = new Button(“Button 1”);
gbl.setConstraints(bl, gbc);
gbc.anchor = GridBagConstraints.NORTHWEST;

add(bl);

Button b2 = new Button(“Button 27);
gbc.gridwidth = GridBagConstraints.REMAINDER;
gbc.anchor = GridBagConstraints.NORTH;
gbc.fill = GridBagConstraints.HORIZONTAL;
gbl.setConstraints (b2, gbc);

add (b2) ;

Button b3 = new Button(“Button 3”);
gbc.gridwidth = 1;

gbc.gridheight = 2;

gbc.anchor = GridBagConstraints.WEST;
gbc.fill = GridBagConstraints.VERTICAL;
gbl.setConstraints (b3, gbc);

add (b3) ;

Button b4 = new Button(“Button 47);
gbc.gridheight = 1;

gbc.gridwidth = GridBagConstraints.RELATIVE;
gbc.anchor = GridBagConstraints.CENTER;
gbc.weightx = gbc.weighty = 1.0;

gbc.fill = GridBagConstraints.BOTH;
gbl.setConstraints (b4, gbc);

add(b4) ;

Button b5 = new Button(“Button 57”);
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gbc.gridwidth = GridBagConstraints.REMAINDER;
gbc.anchor = GridBagConstraints.EAST;
gbc.weightx = gbc.weighty = 0.0;

gbc.fill = GridBagConstraints.NONE;
gbl.setConstraints (b5, gbc);

add (b5) ;

Button b6 = new Button(“Button 6”);
gbc.gridwidth = 1;

gbc.anchor = GridBagConstraints.SOUTHWEST;
gbl.setConstraints (b6, gbc);

add (b6) ;

Button b7 = new Button(“Button 7”);
gbc.anchor = GridBagConstraints.SOUTH;
gbl.setConstraints (b7, gbc);

add (b7) ;

Button b8 = new Button(“Button 8”);
gbc.anchor = GridBagConstraints.SOUTHEAST;
gbl.setConstraints (b8, gbc);

add (b8) ;

pack();

setVisible(true) ;

public static void main(String args[]) {

new GridBagLayoutTest () ;
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When using GridBagLayout, the first thing you do is instantiate a Gria
BagLayout object. Next, you instantiate the GridBagConstraints object
that will help the gridBagLayout layout manager to arrange its compo-
nents. Then you start modifying the GridBagConstraints object to suit
the needs of the next component being laid out. The GridBagLayoutTest
example just lays out some buttons by applying GridBagConstraints
values to the buttons. Some of the cridBagconstraints fields, such as
£i11 and anchor specify how to handle components when their container
is resized. (Refer to Table 4.2 as you look through this example code to get
an idea of whats going on.) Figure 4.18 shows what the cridBag
LayoutTest looks like at its initial size and after it is enlarged.

CardLayout

Figure 4.18

The GridBag
LayoutTest
program demon-
strates the Grid
BagLayout
layout manager.
You can see how
the window initially
appears (left) and
what happens
when you resize
it (right).

The cardrayout class lays out components in separate “cards” that can
be displayed one at a time. You can think of each card as belonging to a
deck of playing cards, except in this case, each card is a Java component
object. When adding components to a cardLayout, you specify a
String, which is used as an identifier so that, when necessary, you can
flip directly to that card using its name. The cardrayoutTest example
program demonstrates the cardrayout layout manager. Here is the
source code:

GridB agl ayout Test M=l E3

ttan 1 ; Button 2 |

Button 4 Button 5
Button 3 —I

ridBaglLayout Test Hi=l
{Button 1 Buttan 2

Button 4 Button 5

Button & | Button 7 | Button 8 Button & | Button ¥ | Button 8 |

Button 3
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/*
* CardLayoutTest
* Tests the CardLayout manager.

*/

import java.awt.*;

import java.awt.event.*;

public class CardLayoutTest extends GUIFrame

implements ActionListener {

private CardLayout layout;

private Panel cardPanel;

public CardLayoutTest () {

super (“CardLayout Test”);

cardPanel = new Panel();

layout = new CardLayout () ;

cardPanel.setLayout (layout) ;

cardPanel.add(“Cl”, new Label (“First”, Label.CENTER)) ;
cardPanel.add(“C2”, new Label (“Second”, Label.CENTER)) ;
cardPanel.add(“C3”, new Label (“Third”, Label.CENTER)) ;

cardPanel.add(“*C4”, new Label (“Last”, Label.CENTER)) ;

add (cardPanel, BorderLayout.CENTER) ;

Panel buttonPanel = new Panel();

buttonPanel.setLayout (new GridLayout (1, 0));

Button prevButton = new Button(“<- Previous”);
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prevButton.setActionCommand (“PREV”) ;
prevButton.addActionListener (this) ;

buttonPanel.add (prevButton) ;

Button nextButton = new Button(“Next ->");
nextButton.setActionCommand (“NEXT”) ;
nextButton.addActionListener (this) ;

buttonPanel.add (nextButton) ;

add (buttonPanel, BorderLayout.SOUTH) ;
setSize (200, 150);

setVisible(true) ;

public void actionPerformed(ActionEvent event) ({
if (event.getActionCommand() .equals (“NEXT”)) {
layout .next (cardPanel) ;
}
else if (event.getActionCommand () .equals (“PREV”)) {

layout.previous (cardPanel) ;

public static void main(String args[]) {

new CardLayoutTest () ;

You can see the effect that the cardrayout manager has on its compo-
nents in Figure 4.19.
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Figure 4.19

The
CardLayout
Test program

shows how the
CardLayout
layout manager
works. The Next
and Previous
buttons iterate
through the four
different Labels.

[EiCardLayout Test M=l B3 [=2 CardLayout Test

IS[=1 E3

Second

=- Previous

Use Table 4.3 as a cardrayout methods reference.

TaBLE 4.3 CARDLAYOUT METHODS

Method Description

CardLayout () Constructs a cardLayout 0bject with no horizontal
or vertical gaps.

CardLayout (int, int) Constructs a cardLayout object with the given hori-
zontal and vertical gaps.

void first(Container) Displays the first card of the given Container
object.

void last(Container) Displays the last card of the given Container object.

void next (Container) Displays the next card of the given Container object.

void previous (Container) Displays the previous card of the given Container
object.

void show(String, Container) Displays the card that was added to this Container
using the specified string identifier.




SATURDAY EVENING Graphical User Interface Programming  PAe¥4

Creating the CalculatorKeypad Component

Now that you have some GUI programming skills under your belt, let’s go
ahead and create the caclulatorkeypad class. Basically, it’s a panel of
buttons that can (and will eventually) be used to operate a calculator. There
are no new concepts introduced here, so lets get right to the source code
listing for calculatorkeypad, another class for the calculator project:

/*
* CalculatorKeypad

* A Panel subclass that contains a set of buttons for a calculator

*/

import java.awt.*;

import java.awt.event.*;

public class CalculatorKeypad extends Panel

implements ActionListener {
private Button[] buttons;

public CalculatorKeypad() {
super () ;
GridBagLayout gbl = new GridBagLayout () ;
GridBagConstraints gbc = new GridBagConstraints();
gbc.fill = GridBagConstraints.BOTH;
gbc.weightx = gbc.weighty = 1.0;

gbc.ipadx = gbc.ipady = 5;

// bLabels is an array of button labels in order
// from left to right; =+ is #247, * is #177, _ is #215

String [ ] bLabels = { “MR” , wMC” , WM+ , wM-"” , wMS” , w SQII ,
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wC”, “AC”, “POW”, String.valueOf ((char)247),
String.valueOf ( (char)215), “-~, “77, “8~, “9r,
String.valueOf ( (char)177), “4”, “57, “6", “+",

wim won w3 w_n nQ” ooy,
I I ’ ’ I . I

//there are four columns of buttons

int cols = 4;

//build the Button array and add to Panel
buttons = new Button[bLabels.length];
setLayout (gbl) ;

for (int b = 0; b < buttons.length; b++) {

buttons[b] = new Button(bLabels[b]);

//set different constraints

if (bLabels[b].equals(“=")) {
// “=" spans two rows
gbc.gridheight = 2;
gbc.gridwidth = GridBagConstraints.REMAINDER;

}

else if (bLabels[b].equals(“0”)) {
// “0" spans two cols
gbc.gridy = 6;
gbc.gridx = 0;
gbc.gridwidth = 2;

gbc.gridheight = 1;

else if (bLabels[b].equals(“3”)) {
gbc.gridheight = 1;

gbc.gridwidth = GridBagConstraints.RELATIVE;
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else if ((b + 1) % cols == 0) {
gbc.gridheight = 1;
//end a row

gbc.gridwidth = GridBagConstraints.REMAINDER;

}

else {
// for the “.” button to be next to the “0”
gbc.gridx = GridBagConstraints.RELATIVE;
gbc.gridheight = 1;
gbc.gridwidth = 1;

}

//set the constraints and add it to the panel
buttons[b] .setFont (

new Font (“Helvetica”, Font.BOLD, 14));
buttons[b] .addActionListener (this) ;
gbl.setConstraints (buttons[b], gbc);

add (buttons[b]) ;

public void actionPerformed(ActionEvent event) ({

Button source = event.getSource() instanceof Button
? (Button) event.getSource() : null;

if (source != null) {
System.out.print (source.getLabel() + “ “);

}
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It’s really quite simple. This panel subclass is not yet integrated with any
other calculator classes, so for now, it’s just a bunch of buttons. I created
an array of Strings called bLabels, which I then looped to create an
array of Button objects. The strings stored in bLabels became the
labels for the buttons. I also laid the components into the calculator
Keypad panel with an if-else statement that changed some GridBag
Constraints fields based on how each specific button should be laid out.
Generally, there are four columns of buttons, so I knew where to end
most of the rows. But a couple of the buttons span multiple rows, so 1
had to use some funky logic—not too funky though. Currently, action
Events are used to print the button labels to the standard output stream,
but eventually we'll get those buttons to operate the calculator program!

The CalculatorKeypadTest program tests the CalculatorKeypad
component simply by adding it to a GurFrame. Here’s the source code for
the test program:

/*
* CalculatorKeypadTest

* Tests out the CalculatorKeypad Component

*/
import java.awt.*;
public class CalculatorKeypadTest extends GUIFrame ({

public CalculatorKeypadTest() ({
super (“CalculatorKeypad Test”);
CalculatorKeypad keypad = new CalculatorKeypad() ;
add (keypad, BorderLayout.CENTER) ;
pack();

setVisible(true) ;
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public static void main(String args[]) {

new CalculatorKeypadTest () ;

}

You can see what the calculatorkeypad Component looks like in
Figure 4.20.

Wrapping Up

Is it time for bed yet? Tonight’s session welcomed you to the world of Java
GUI programming and took you away from text-land for a while. There
is actually quite a lot of GUI programming that isn’t covered in this
book—it actually deserves a book of its own. It’s definitely good for you
to be exposed to GUI programming here, though. After reading tonight’s
session, you can do all of the basics, and if you move on to more advanced
books or projects, you'll have this background on which to build.

Tomorrow morning, we do a bit more GUI programming. You'll learn
how to draw shapes and images onto a canvas object, and you'll use that
knowledge to program a graphical representation of a digital display for
the calculator. You'll also learn about inner classes, and you'll learn more
about applets. Good night!

Figure 4.20

The calulator
KeypadTest
program tests the
Calculator
Keypad
component to
make sure that it’s
working properly.
Clicking the buttons
should generate
output to the
standard output
stream.
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his session begins by showing you how to do graphics programming.
T This session moves beyond the AWT to cover lightweight GUI com-

ponents. You'll program your own graphics for a lightweight compo-
nent to create digits that have a liquid crystal appearance for the calculator,
like that of a real calculator. Continuing with lightweight components, this
session explains the Swing package, which defines a set of lightweight GUI
components. Once you learn about Swing, you’ll convert the calculator appli-
cation to Swing. This session gets to more advanced topics—inner classes and
exception handling. Finally, you'll update the calculator application by creat-

ing a digital display panel using the skills you gain in this session.

AWT Graphics Programming

All of the AWT GUI components are graphically rendered to the screen. The
word render refers to the fact that Java uses the graphics system to draw
buttons, labels, textfields, and so on. For example, a button consists of an
outline (made up of different colors to make it appear three-dimensional), a
background color, and a text label that indicates the button’s function. All of
this has to be graphically rendered so that you can see GUI components and
interact with them. So far, all of the components, except canvas, that you've
used have been rendered behind the scenes. In this section, however, you'll
learn how to take control of the graphics system and how to render different
colors and shapes so that you can draw some of your own custom components.

Each component has a paint() method, which it inherits from the
java.awt.Component class. To render graphics into a component, all you
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need to do is override this method and take control of its Graphics object.
The signature for the paint () method is

public void paint (Graphics g)

The paint () method is automatically called each time the component is
rendered. The Graphics class encapsulates information that is used to
render graphics to different devices, such as your computer screen or a
printer. You use the Graphics object argument, g, to render graphics to the
component. The Graphics class provides different methods for drawing
shapes to be rendered. It keeps track of the current color and uses a coordi-
nate system to render graphics. For example, when rendering graphics to a
computer screen, the coordinate system specifies pixel locations. Pixels are
the individual tiny colored dots that make up the graphics of your computer
screen. The origin (0, 0), which is in the format (x, y) where x=0 and y=0, is
at the top-left of the component. The x-coordinate increases as you move
horizontally to the right and decreases as you move left. The y-coordinate
increases as you move vertically down and decreases as you move up. You use
this coordinate system to specify the pixel location for whatever it is you're
rendering. Shortly, you'll see the different methods in the Graphics class to
render lines, ovals, rectangles, and other shapes. The arguments to these
methods specify the pixel locations and dimensions for these shapes.

The Color Class

The color class, part of the java.awt package, is used to specify colors for
graphical rendering. Java AWT components use the color class to define the
colors they use to graphically represent themselves in a GUL. Components
have background colors and foreground colors. A typical AWT button will
use the same background and foreground colors as the underlying operating
system’s GUI uses. The button is filled with the background color, which
makes up most of the button’s area, and the button’s text will be rendered in
the button’s foreground color. Buttons and other 3-D-style components fre-
quently have other colors around their edges to create a 3-D appearance. The
button looks like it’s raised most of the time, but when you click on it, it looks
like it’s depressed into the window—it looks and feels like a real button. The
button uses different colors to render these different appearances. All of the
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different colors that you see when using a Java GUI are actually instances of
the color class.

There are several different ways to create a color object. I won't go into
every single color class constructor, but I will cover the most frequently
used ones. Computers render colors as RGB values, or combinations of three
colors—red, green, and blue. With this in mind, Java provides a color con-
structor that uses these three values as its parameters:

public Color(int r, int g, int b)

The three parameters r, g, and b are the red, green, and blue values of the
Color object, and the resulting color is the combination of these three com-
ponents. Each one of these color values is an integer between 0 and 255. The
intensity of the red, green, and blue color value increases as the integer value
increases. So, if all of the parameters are zero, the resulting color is black; if
all of the parameters are 255, the resulting color is white. If any one of these
parameters is 255 while the other two are both zero, the resulting color will
correspond to the parameter with the value of 255. For example, to con-
struct the color red, you would call the constructor as follows:

Color red = new Color (255, 0, 0);
Green is

Color green = new Color (0, 255, 0);
Blue is

Color blue = new Color(0, 0, 255);

There is another constructor that allows you to pass in an alpha value in
addition to the red, green, and blue values.

public Color(int r, int g, int b, int alpha);

A color’s alpha value is its level of opaqueness. Possible alpha values range
from 0 to 255 as well. If the alpha value is zero, then the color is completely
transparent, and you won't see it at all. Instead, you'll see whatever may be
underneath this color—the component’s background, or whatever may have
already been rendered. If the alpha value is 255, then the color will be com-
pletely opaque, which means that when the color is graphically rendered,
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you won't see anything that may be underneath it. Values between 0 and 255
are different levels of opaqueness. For example, if the alpha value is 100, then
instead of being completely transparent or completely opaque, it will be semi-
transparent, so you will see the color rendered to the screen and also whatever
is rendered underneath it. As an example, if you constructed a color as

Color semiTransparentRed = new Color (255, 0, 0, 100);

and you rendered it overlaying something white, the color would look pink,
as though you were looking through tinted glass. The color class also pro-
vides some predefined objects for commonly used colors. They are as follows:

Color.black
Color.blue
Color.cyan
Color.darkGray
Color.gray
Color.green
Color.lightGray
Color.magenta
Color.orange
Color.pink
Color.red
Color.white

Color.yellow

Each of these predefined colors are static members of the color class and
reference Color instances. You use them simply by following the color class
name with a dot and the name of the color that you need to reference. For
example, to set the background color of a component to black, you do this:

myComponent .setBackground (Color.black) ;

Java provides another useful class in the java.awt package. It encapsulates
symbolic colors that your operating system uses to render GUI components.
This class is called systemcolor, and it provides static members, which rep-
resent these different colors. For example, SystemColor.control, which you
used before in the GUIFrame class, is the background color for control objects,
such as frames, buttons, and so on. Refer to the JDK API documentation for
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more information about the systemcolor class. You can locate the docu-
mentation on Sun’s Web site at http://java.sun.com.

Throughout the rest of this section, you'll learn how to use colors to render
graphics, so knowing the color class is important. For most of the programs
you'll be looking at here, the default foreground color is used to render the
graphics. When you write programs for yourself, feel free to play around by
setting different colors. Later on, however, you'll be using colors to directly
render the DigitalDisplay component of the calculator program. The
DigitalDisplay component will render a graphical display for the calcula-
tor that looks like the liquid crystal display found on most calculators and
digital watches.

Drawing Lines

The first shape you'll learn to render is the simplest one conceptually. As is
the case for the rest of the shapes, to render lines, you override the paint ()
method and make use of the paint () method’s Graphics object. The
paint () method exists in all components. In this case, you'll be overriding
the GUIFrame’s paint () method. This will allow you to render graphics
right inside the GUIFrame.

To render a line, use the Graphics class’s drawLine () method. The signa-
ture for this method is

public void drawLine(int x1, int y1, int x2, int y2)

The first two arguments, x1 and y1, are the x- and y-coordinates for the
starting point of the line. The second two arguments, x2 and y2, are the
coordinates for the ending point of the line. Java will render the line by con-
necting these two points with a line of pixels, which is one pixel wide. The
LineTest program demonstrates this. Here is the source code:

/*
* LineTest

* Uses the Graphics object to draw lines

*/
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import java.awt.Graphics;
public class LineTest extends GUIFrame {

public LineTest () {
super (“Line Test”);

setSize (275, 175);

public static void main(String args[]) {

new LineTest () .setVisible(true);

public void paint (Graphics g) {
g.drawLine (25, 50, 125, 150);

g.drawLine (150, 150, 250, 50);

The LineTest program draws two lines. The first one starts at (25, 50) and
ends at (125, 150). The second line starts at the point (150, 150) and ends at
the point (250, 50). Note that you have to import the java.awt .Graphics
class in order to gain access to it. The LineTest class extends the GUIFrame
class, as do the rest of the graphics-rendering programs that follow. Behind
the scenes, the Frame’s background graphics are rendered prior to the paint ()
method being called. After these graphics are rendered, the Graphics object’s
current color is set to the foreground color—which is why you don’t have to
set it yourself—and then paint () is called. The Graphics object that gets
passed into the paint () method is a reference to the GUIFrame’s graphics,
so any operations you perform using this Graphics object are rendered to
the screen inside of the GUIFrame. You can see the results of the LineTest
program in Figure 5.1.
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In Figure 5.1, you can see the two lines rendered by the drawLine () methods
called on the Graphics object. When looking at the figure, be sure that the
coordinates passed into the two drawLine () method calls make sense to you,
considering the fact that the coordinate system’s origin is the top-left point of
the GUIFrame’s display area. Once you have a good understanding of how
the LineTest program works, it will be easy for you to follow the rest of the
graphics-rendering programs because they work similarly.

H E H E N EEEE N EEEEE NN EEEEEEEEEEEREETSRN
The LineTest program, as well as the other graphics-rendering programs, uses the
default foreground color to render the shapes to the screen. If you want to set different
colors yourself, you can use the setcolor () method of the Graphics class using
what you learned about the coloxr class in the last section. For example, to set the color
to red, do this:

g.setColor(Color.red) ;
H B E E E E N fEEEE N EEEEE NN EEEEEEEEEEEECRN

Drawing Rectangles and 3-D Rectangles

Drawing rectangles in Java is as simple as drawing lines. Just like drawing
lines, you specify the starting point for the top-left of the rectangle, but
instead of specifying the ending point for the bottom-right of the rectangle,
you specify the rectangle’s width and height. The method you use to draw a
rectangular shape is drawRect () and the signature is

public void drawRect(int x, int y, int width, int height)
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NOTE

This method draws the outline of a rectangle. The x and y parameters are the
x- and y-coordinates for the rectangle’s starting point and width and height
are the width and height of the rectangle. The Graphics class also provides a
method to fill the rectangular area with the current color. This method is
fillRect (), which takes the same parameters that drawrect () takes:

public void fillRect(int x, int y, int width, int height)

The parameters specify the location and dimensions for the rectangle; this
method completely fills the area defined by these parameters.

00 0 0000000000000 OOOEOCOEOEOENOCEOEONOEOEONOEOEONOEOEOOOOOTTO®OTOOT OPON
When | say such things as the top-left and the bottom-right, | am speaking relatively.
When you specify the starting point of a rectangle, it is easier to think of it as the coor-
dinate for the top-left corner of the rectangle, although that may not actually be the case
when you see the rectangle rendered. For example, if you specify a negative width and
height for the rectangle, the starting point ends up being the bottom-right corner, so the
starting point is relative to the width and height of the rectangle. It is easier to think of
it this way because it is consistent with Java’s graphics coordinate system. Because
Java’s coordinate system has its origin in the top-left corner and increases as you move
right and down, I use this point of reference when specifying points—I am speaking rel-
ative to Java’s graphics coordinate system, not relative to the shape being rendered.

The RectTest program demonstrates both the drawRect () and £illRect ()
methods. This program is very similar to the LineTest program. The only dif-
ferences are the methods that are called on the Graphics object. Here is the
source code:
/ *

* RectTest

* Uses the Graphics object to draw Rects

*/
import java.awt.Graphics;

public class RectTest extends GUIFrame {
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public RectTest() {
super (“*Rect Test”);

setSize (275, 175);

public static void main(String args[]) {

new RectTest().setVisible(true);

public void paint (Graphics g) {
g.drawRect (25, 50, 100, 100);

g.fillRect (150, 50, 100, 100);

You can see in Figure 5.2 that the drawrect () method draws the outline of
a rectangle on the left and the £i11Rect () method fills the rectangle on the
right.

There is another set of methods for rendering rectangles. These next two
methods render rectangles that are three-dimensional in appearance. To
accomplish this, Java uses different shades of the current color and draws the
lines surrounding the rectangle with them. To make the rectangle appear to
be raised, it uses a lighter color on the top and left sides of the rectangle and

Figure 5.2
The
drawRect () [E3Rect Test !E[

method draws

the outline of a
rectangle, while the
fillRect ()
method completely
fills the interior

of a rectangle.
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a darker color on the right and bottom sides. To make the rectangle appear
to be depressed, it uses a darker color on the top and left sides and a brighter
color on the right and bottom sides. The methods used for rendering three-
dimensional rectangles are draw3DRect () and £i113DRect (). The signa-
ture for draw3DRect () is

public void draw3DRect(int x, int y, int width, int height,

boolean raised)

The first four arguments are used in exactly the same way as in the
drawRect () method. That is, they specify the location and dimensions of
the rectangle. The fourth argument is a boolean value, which specifies
whether the rectangle should appear raised or not. If this value is true, the
rectangle will be rendered with a raised appearance. If it is false, then the
rectangle will be rendered with a depressed appearance. The £i113DRect ()
method takes the same set of parameters:

public void fill3DRect(int x, int y, int width, int height,

boolean raised)

The Rect3DTest makes use of both of these methods. Here is the source
code:
/ *

* Rect3DTest

* Uses the Graphics object to draw 3DRects

*/
import java.awt.Graphics;
public class Rect3DTest extends GUIFrame {
public Rect3DTest() {

super (“*3DRect Test”);

setSize (275, 175);
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public static void main(String argsl[]) {

new Rect3DTest () .setVisible(true);

public void paint (Graphics g) {
g.setColor (getBackground()) ;
g.draw3DRect (25, 50, 100, 100, false);
g.setColor(java.awt.Color.orange) ;

g.fil13DRect (150, 50, 100, 100, true);

Notice that I went ahead and specified the colors for these rectangles. I did
this because it is easier to see the three-dimensional effect if the background
color is the same as the current graphics color and Java uses different shades
of the current color to generate new highlight and shading colors. If these
colors appear next to a completely different color, these highlighting and
shading effects will lose their usefulness. For the first rectangle, because it is
just drawing the outline and not filling the interior, I set the color to be the
background color so that it will match the GuTIFrame’s background. I passed
in false as the fourth argument, so the drawn rectangle will appear to be
depressed. For the second rectangle, which is filled, [ used color.orange as
the Graphics color to demonstrate that Java fills the rectangle with orange
(or whatever the current color is). The program then generates two new
shades of orange for the outline of the rectangle to make it appear raised. The
second rectangle (the one on the right in Figure 5.3) appears raised because
I passed in true as the fourth argument.



24515)  Learn Java In a Weekend

Figure 5.3
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Drawing Round Rectangles

There are actually two more methods in the Graphics class for rendering
rectangular shapes. These next two methods render rectangles that have
rounded corners. The method names are drawRoundRect () and fill
RoundRect().TTK:dgnauHefbrthedrawRoundRect() method is

public void drawRoundRect (int x, int y, int width, int height,

int arcwidth, int arcHeight)

The first four arguments are the same as all of the other rectangle-rendering
methods. The last two arguments specify the dimensions for the rounded
corners of the rectangle. The arcwidth parameter specifies the horizontal
diameter of the arc at each of the four corners, and arcHeight specifies the
vertical diameter. To better understand how the arced corners work, imagine
a smaller rectangle inside the rendered rectangle, sharing a corner. arcwidth
and arcHeight are the dimensions for this inner rectangle. Now picture an
oval inside the inner rectangle. The oval is the largest possible oval that can
fit within the inner rectangle, such that the top of the oval touches the center
of the top of the rectangle, the left side of the oval touches the left side of the
rectangle, and so on. The oval is used to round the corner of the rectangle by
removing the outer corner and replacing it with the quarter of the oval that
is left exposed. This visual is done for you in Figure 5.4. The signature for
the £illRoundRect () takes the same six parameters, but instead of drawing
the outline, it fills the interior of the round rectangle.

public void fillRoundRect (int x, int y, int width, int height,

int arcwidth, int arcHeight)
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The RoundRectTest demonstrates how to use these methods. Here is the
source code for RoundRectTest . java:
/ *

* RoundRectTest

* Uses the Graphics object to draw RoundRects

*/
import java.awt.Graphics;
public class RoundRectTest extends GUIFrame {
public RoundRectTest () {

super (*“RoundRect Test”);

setSize (275, 175);

public static void main(String args[]) {

new RoundRectTest () .setVisible(true);

public void paint (Graphics g) {
g.drawRoundRect (25, 50, 100, 100, 25, 50);

g.fillRoundRect (150, 50, 100, 100, 50, 25);

The results of the RoundRectTest program are shown in Figure 5.4.
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Drawing Ovals and Arcs

The drawoval () and £i110val () methods of the Graphics class are used
to render ovular shapes. The signature for the drawoval () method is

public void drawOval (int x, int y, int width, int height)

You should notice that the parameters to this method are the same as the
drawRect () method. This is because you are, in a way, specifying a rectan-
gle. The parameters to the drawoval() method specify the rectangular
bounds of the oval. The x and y arguments specify the coordinates for the
top-left corner of the rectangular bounds, not that of the oval. This means
that the top-left point is not part of the oval’s area. It is outside the oval’s
area. The £illoval () method signature is

public void fillOval(int x, int y, int width, int height)

As you probably guessed, it fills the oval’s interior. The ovalTest program
demonstrates the use of these two methods:
/ *

* OvalTest

* Uses the Graphics object to draw Ovals

*/

import java.awt.Graphics;
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public class OvalTest extends GUIFrame {

public OvalTest () {
super (“*Oval Test”);

setSize (275, 175);

public static void main(String args[]) {

new OvalTest () .setVisible(true);

public void paint (Graphics g) {
g.drawOval (25, 50, 100, 100);
g.fillOval (150, 50, 100, 100);

The ovals that the ovalTest program renders can be seen in Figure 5.5.

Rendering arcs is very similar to rendering ovals. Actually, you can think of
rendering arcs as rendering semi-ovals. In fact, to render an arc, you pass all
the same arguments as you do for rendering ovals, plus two more. The two
additional arguments are the arc’s starting angle and the arc’s length. The sig-
nature for drawArc () is

public void drawArc(int x, int y, int width, int height, int
startAngle, int arcAngle)

Egal]val Test !E[

@
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The x and y arguments specify the starting top-left coordinate for the arc’s
bounding rectangle. The width and height arguments specify the arc’s
width and height dimensions. The startangle argument specifies the arc’s
starting angle, starting at the right side of the bounding area and increasing
in a counter-clockwise direction. So zero degrees is at three o'clock, 90
degrees is at twelve o’clock, 180 degrees is at nine o’'clock, 270 degrees is at six
o'clock, and 360 degrees is back at three o'clock, completing the oval. The last
argument, arcAngle, is the length of the arc, in degrees. So, an arcangile of
90 degrees always specifies a quarter-oval, no matter where the starting point
is. Note that the arcangle also increases in a counter-clockwise direction.
In order to draw the angle in a clockwise direction from the startangle
point, you must specify a negative number for arcangle.

The £illarc () method fills the area specified by the arguments. To visual-
ize this arc, remember the clock face. Imagine that the minute hand of the
clock has paint on it, and as it moves around the clock, it paints the area in
its wake, so it resembles a growing piece of pie. The signature for the
fillarc () method is

public void fillArc(int x, int y, int width, in height,

int startAngle, int arcAngle)

The ArcTest program uses these two methods to render arcs. Here is the
source code:

/*
* ArcTest
* Uses the Graphics object to draw Arcs

*/
import java.awt.Graphics;
public class ArcTest extends GUIFrame {

public ArcTest() {

super (“Arc Test”);
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setSize (275, 175);

public static void main(String args[]) {

new ArcTest () .setVisible(true);

public void paint (Graphics g) {
g.drawArc (25, 50, 100, 100, 90, 225);

g.fillArc (150, 50, 100, 100, 90, 225);

To see the graphics that this program renders, take a look at Figure 5.6.

Drawing Polygons and Polylines

Polygons are multi-sided, fully-enclosed areas. The Graphics class provides
methods for rendering these types of shapes. These methods are draw
Polygon() and fillPolygon(). I will cover two different signatures for
each of these methods. The signatures differ in the types of arguments that
they accept. One of the drawPolygon () method signatures is

public void drawPolygon(int[] xPoints, int[] yPoints, int nPoints)

The first arcument, xPoints, is an array of the x-coordinates for all of the
& y
points that make up the polygon; the yPoints argument is an array of the

E‘%AIC Test [~ O] I

Figure 5.6
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corresponding y-coordinates. So, the first coordinates are (xPoints[0],
yPoints[0]1), the second coordinates are (xPoints[1], yPoints[1]1), and
so on. The nroints argument specifies the number of points for the
polygon, so the length of the xPoints and yPoints arrays do not indicate
the number of points. The polygon is rendered by connecting all of these
points with lines.

The other signature for the drawPolygon () method is
public void drawPolygon (Polygon p)

The single argument to this method is a Polygon object. To construct a
Polygon object, you pass in the same arguments that the previous draw
Polygon () method accepts:

public Polygon(int[] xPoints, int[] yPoints, int nPoints)

The two f£illPolygon() methods accept the same arguments that the
drawPolygon () methods accept. One more thing to note about these four
methods is that the polygon is automatically closed. The program does this
by connecting the starting point and ending point with a line. The Polygon
Test program demonstrates how to render these polygons. Here is the
source code:

/ *

* PolygonTest

* Uses the Graphics object to draw Polygons

*/

import java.awt.Graphics;

import java.awt.Polygon;
public class PolygonTest extends GUIFrame {
public PolygonTest () {

super (“Polygon Test”);

setSize (275, 175);
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public static void main(String argsl[]) {

new PolygonTest () .setVisible(true);

public void paint (Graphics g) {
int[] xs = {25, 75, 125, 85, 125, 75, 25, 65};
int[] ys = {50, 90, 50, 100, 150, 110, 150, 100};
g.drawPolygon(xs, ys, 8);
//move it to the right 125 pixels
for (int i = 0; i < xs.length; i++) {
xs[i] += 125;
}
Polygon poly = new Polygon(xs, ys, 8);

g.fillPolygon(poly) ;

In the paint () method of the PolygonTest program, two arrays are used.
The xs[1 array specifies all of the x-coordinates for the polygon and the
ys[1 array specifies all of the y-coordinates for the polygon. These arrays are
passed to the drawPolygon () method, along with the number 8, to specify
that there are eight points to this polygon. After the polygon is drawn, the
xs [] array is run through a loop. Each element of the xs [1 array is increased
by 125 pixels, effectively moving the entire shape 125 pixels to the right. A
new Polygon object is constructed using the changed xs[] array, the same
ys[] array, and 8 as the number of points. Then the £fillpPolygon ()
method is called. In Figure 5.7, you can see that the same shape appears
twice. On the left, it is drawn; and on the right, it is filled.
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Figure 5.7
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The drawPolyline () method draws a polygonal shape, taking the same argu-
ments as the drawPolygon () methods (either two arrays and an int or a
Polygon obkc@.'rhe difference between drawPolygon() and draw
Polyline() is that with the drawPolygon () method, the polygon is always
automatically closed, while with the drawPolyline () method, the polygon is
not closed. Also, there is no corresponding £i11Polyline () method. Because
the area is not necessarily completely enclosed, it doesnt make sense to fill it.
(If you intend to fill the shape, you call £i11Polygon().) The PolylineTest
program demonstrates the use of the drawPolyline () method.

/*
* PolylineTest

* Uses the Graphics object to draw Polylines

*/

import java.awt.Graphics;

import java.awt.Polygon;
public class PolylineTest extends GUIFrame {
public PolylineTest () {

super (“Polyline Test”);

setSize (275, 175);
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public static void main(String args[]) {

new PolylineTest().setVisible(true);

public void paint (Graphics g) {
int[] xs = {25, 75, 125, 85, 125, 75, 25, 65};
int[] ys = {50, 90, 50, 100, 150, 110, 150, 100};
g.drawPolyline(xs, ys, 8);
//move it to the right 125 pixels
for (int i = 0; i < xs.length; i++) {
xs[i] += 125;
}
Polygon poly = new Polygon(xs, ys, 8);

g.drawPolyline (poly.xpoints, poly.ypoints, 5);

The PolylineTest program is very similar to the PolygonTest program.
The xs[1 and ys[] arrays are created in exactly the same way, and the first
drawPolyline () call passes 8 as the number of points. Also, the Polyline
Test xs[] array elements are incremented by 125 and are used to create a
Polygon object, just as in the PolygonTest program. The second invoca-
tion of drawPolyline () uses the xpoints() and ypoints () methods of
the Polygon class, which return the corresponding x- and y-coordinate
arrays. The number 5 is passed as the number of points, so even though the
arrays each are of length 8, only 5 points will be used to render the shape.
You can see this for yourself in Figure 5.8.

Drawing Strings
The drawstring() method draws the given String object at the given
x- and y-coordinates. The x- and y-coordinates indicate the position of the
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Figure 5.8
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baseline of the left-most character in the string. The string is drawn using
the Graphics object’s current font and color. The signature for the draw
String () method is

public void drawstring(String str, int x, int y)

The str argument is the string value that should be drawn. The x and y
arguments specify the x- and y-coordinates for the starting point of the
string. The DrawstringTest program demonstrates how to render strings
within a Java GUI component. Here is the source code:
/ *

* DrawStringTest

* Demonstrates how to draw Strings

*/
import java.awt.*;
public class DrawStringTest extends GUIFrame {
public DrawStringTest () ({

super (“drawString Test”);

setSize (275, 175);
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public static void main(String args[]) {

new DrawStringTest () .setVisible(true);

public void paint (Graphics g) {
g.drawString (“We are the music makers.”, 10, 50);
Font font = new Font(“serif”,
Font.BOLD + Font.ITALIC, 16);
g.setFont (font) ;

g.drawString (“We are the dreamers of dreams.”, 50, 100);

In the prawstringTest program, the first call to drawString() renders
thesUﬁng“We are the music makers."snudngarthepohn(lO,SO)
and using the default font. Before calling the drawstring() method a
second time, I changed the font by calling the setFont () method of the
Graphics class, passing it a Font object. The constructor for the
java.awt.Font class accepts a String and two integers. The first integer
argument is for specifying the style of the font. The possible values for the
style are Font.PLAIN, Font.BOLD, and Font.ITALIC. You can combine
bold and italic styles, as I did, by adding them together and passing that
value as the second argument to the Font () constructor. The third argu-
ment is the point-size for the font. The font that I created is Serif, bold and
italic, size 16. Setting the font on the Graphics object in the paint ()
method causes all subsequent calls to drawstring () to use the font you set,
until either the paint () method exits, or you set another font. So, when I
dImNthesUﬁng“We are the dreamers of dreams.” ﬁisuﬂngthefbnt
that I set right above the second call to drawstring (). Take a look at Figure
5.9 to see what the rendered strings look like.
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Figure 5.9
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We are the music makers.

We are the dreamers af dreams.
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To create a specific font using the Font class, you pass in the name of the font as the
first argument to the constructor. The name can be a font face name for any font that
you have on your system.The name can also be a logical font name. In Java, logical font
names are predefined strings that map to common fonts on your system. There are six
logical font names: dialog, dialoginput, monospaced, serif, sansserif,
or symbol. If you're curious to how this mapping occurs, take a look at the
font.properties file found in the <jdk>/jre/1ib directory, where <jdk> is
the directory where you installed Java, but be careful not to change this file.

Drawing Images

Java also allows you to render images within its GUI components. To do so,
load an image first, then call the drawImage() method, passing in that
image, its x- and y-coordinates, its width and height (optional), and an
image observer. To load an image, you do this:

Image img = Toolkit.getDefaultToolkit () .getImage (imageName) ;

In this example, img is the Image object that is used to store the image. To
actually get the image, you need to gain access to your operating system’s
native implementation of the AWT. To do this, you must call the get
DefaultToolkit () method, which is a static method defined in the
java.awt.Toolkit class. You pass the image filename as a string to the
getImage () method and the image will be loaded. After you have an Image
object, youre ready to call the drawImage () method. You can draw an
image using the image’s actual width and height by calling the drawImage ()
method with the following signature:
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public void drawImage (Image img, int x, int y,

ImageObserver observer)

The img argument is the image to be rendered, the x and y arguments specify
the coordinates of the image, and observer is an ImageObserver object.
The Imageobserver interface is used to receive notifications about an image
as the image is loading. When you load an image using get Image () the way
I described it here, the image isnt loaded all at once. The image starts
loading, but it might take longer to load the image than it takes to render
the GUL It is possible for the GUI to be displayed before the image is done
loading. However, as the image is loading, the GUI is updated with the
image data through the Imageobserver interface. This allows the image to
be displayed piece by piece as the image is loading. Of course, computers
usually work so fast that you will barely notice the image loading, unless the
images are loaded over a network. The component class implements
the ImageObserver interface, so any component can be passed in as an
ImageObserver. You'll learn more about interfaces this afternoon, which
will give you a better understanding of why you can refer to any component
asan,ImageObserver(ﬂject

Another drawImage () signature allows you to scale the size of the image to
whatever dimensions you specify:

public void drawImage(Image img, int x, int y, int width,

int height, ImageObserver observer)

The four arguments here that you saw in the previous version of the draw
Image () method are exactly the same as in the previous method. The two
additional arguments, width and height, specify the width and the height of
the image. The image is scaled to fit these dimensions, so if the values you pass
here are different than the image’s actual width and height, the image is resized.

There are some other versions of the drawImage () method that I won't go
into now. To learn about them, consult the JDK API documentation. The
ImageTest program demonstrates how to render images:

/ *

* ImageTest
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* Demonstrates drawing Images.

*/
import java.awt.*;
public class ImageTest extends GUIFrame {

public ImageTest() {
super (“Image Test”);
setSize (464, 288);

setBackground (Color.white) ;

public static void main(String args[]) {

new ImageTest().setVisible(true);

public void paint (Graphics g) {
Image img = Toolkit.getDefaultToolkit () .getImage (
“brity xmas0l.jpg”);

g.drawImage(img, 0, O, 464, 288, this);

The image rendered is named brity xmas01.jpg. I created the Image object
the same way I did in the example I gave earlier. Then I passed that image to
the drawImage () method. The starting coordinate is (0, 0). I set the size to
464 by 288. The image is actually four times this size. I did this to demonstrate
that the image is resized based on the fourth and fifth arguments. The final
argument to the drawString () method is this, which is a reference to this
ImageTest object. You can see the image rendered in Figure 5.10.
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Ega Image Test

Figure 5.10

In this example,

an image is
rendered inside
da GUIFrame.

Lightweight Components

The components defined in the java.awt package are heavyweight compo-
nents. Java makes calls to the underlying native operating system to render
and use these components. Even though you cant see it happening, each
component is rendered in its own window, which takes up a lot of system
resources. Another drawback to using java.awt components is that the
look and feel is not consistent across different operating systems. This means
that a java.awt.Button looks different on Windows than it does on a
UNIX system, as do all other heavyweight components.

Lightweight components, on the other hand, are all graphically rendered in
the same window, provided that they all belong within the same window con-
tainer. Their graphics are also directly rendered; no calls are made to the
underlying operating system. This means that the look and feel of lightweight
components is controllable and is consistent across all operating systems.

To create a lightweight component, you need to override the component
class and take control of the Graphics object to draw the component your-
self. That’s pretty much it. To make it useful, however, you'll need to define
how it handles events and how a user can interact with it. Of course, not all
components need this type of functionality. For instance, a lightweight label
class would need only to render itself graphically.
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Creating the LiquidCrystalComponent Class

The LiquidcrystalcComponent class will be created as a lightweight compo-
nent. It will be the base class for some components that the calculator appli-
cation will use to display number values. The LiquidcrystalComponent
class defines a component that represents a liquid crystal display, like the ones
found on most handheld calculators. First, the LiquidCrystalComponent
class demonstrates how to create a lightweight component. It also demon-
strates how to create an abstract class.

An abstract class is a partially defined class that is meant to be extended by
a subclass. Because an abstract class is not fully defined, it can never be
instantiated, so being extended is actually its sole purpose. To specify that a
class is abstract, you use the abstract keyword, like this:

public abstract class ClassName

Inside an abstract class, you are allowed to partially define a class by defin-
ing abstract methods, which are methods without bodies. They merely have
a method signature, which is followed by a semicolon in place of the method
body. The abstract keyword is also used to specify that a method is
abstract, like this:

public abstract returnType methodName (parameterList) ;

So, an abstract method only defines the return type, name, and parameters
for a method, not its implementation. Abstract classes are useful because you
can have multiple classes inheriting from the same abstract super-class that
have identical method signatures but different implementations. For instance,
the Graphics class is actually an abstract class. Some of its abstract methods
are all of the drawImage () methods. The Graphics class acts as a common
super-class for all graphics contexts. Some subclasses of the Graphics class
are operating system-specific, so the actual implementations of the draw
Image () method are different, depending on the underlying operating
system. In this case, it doesnt make sense to implement these methods
within the Graphics class. Instead, the Graphics class is made abstract and
the drawImage () methods, as well as most of the others, are made abstract.
The Graphics class ensures that even though each operating system is dif-
ferent, the method is called in exactly the same way. Note that not all
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methods in an abstract class must be abstract. Any method that is imple-
mented in an abstract class passes on that implementation to its subclasses.

Conversely, the whole class must be declared abstract if any of its methods
are abstract. For example, the LiquidCrystalComponent class is abstract
because one of its methods is abstract. The abstract method is the build
LitPattern () method, which is defined as

protected abstract void buildLitPattern();

This guarantees that all subclasses of the LiquidcrystalComponent class
will implement this method, unless they themselves are also abstract. If you
look closely at a digital watch or any other object that has a liquid crystal
display, you can see that the digits are made up of smaller pieces that light to
form the pattern of those digits. If you need a visual of this idea, peek ahead
to Figure 5.11 to see the individual pieces of a LiquidCrystalDigit, a sub-
class of LiquidcrystalComponent that you'll be creating shortly. Some-
times, you can vaguely see the unlit pieces. That is what the
LiquidCrystalComponent class simulates. The buildLitPattern()
method will be implemented by each LigquidcrystalComponent subclass
to determine which pieces are lit and which are not. Because each Liquid
CrystalComponent subclass can create its own pattern, such as one for
numbers, another for letters, and so on, the implementation does not belong
in the super-class. But, because all subclasses will implement this method, it
is beneficial to define this abstract method here. Here is the source code for
the LiquidCrystalComponent class:

/*
* LiquidCrystalComponent
* An abstract class that defines functionality that is common
* for all components that use a Liquid Crystal Display look.

*/
import java.awt.*;

public abstract class LiquidCrystalComponent extends Component {
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/* pieces of the pattern that are either on or off */
protected boolean[] litPattern;
/* color for ‘off’ pieces, (foreground color is ‘on’) */

protected Color offColor;

protected LiquidCrystalComponent () {

this(Color.black, new Color(0, 80, 0), Color.green);

protected LiquidCrystalComponent (Color bg, Color unlit,
Color 1lit) {
super () ;
setBackground (bg) ;
setUnlitColor (unlit);

setForeground (lit) ;

/* sets the color used for unlit pieces */
public void setUnlitColor (Color unlit) {

offColor = unlit;

/* returns the color used for unlit pieces */
public Color getUnlitColor() {

return offColor;

/* Sets the lit pattern for this Liguid CrystalComponent
* by setting the litPattern elements to either true or

* false. All extending classes must implement this
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* abstract method */

protected abstract void buildLitPattern();

/* Lights this LiquidCrystalComponent using the given
* pattern. pattern is an array whose values correspond
* to litPattern elements that should be 1lit
* (set to true). */
protected void lightPattern(int[] pattern) {
for (int b = 0; b < pattern.length; b++) {

litPattern[pattern[b]] = true;

/* Sets all of this LiquidCrystalComponent’s pieces to unlit */
protected void clearPattern() {
for (int b = 0; b < litPattern.length; b++) {

litPattern[b] = false;

/* Returns the color for the pattern pieces indicated by
* the given litPattern index. The returned color is either
* the 1lit or unlit color. */

protected Color getPieceColor(int patternIndex) {

if (litPattern|[patternIndex]) return getForeground() ;

return offColor;

public Dimension getMinimumSize() {

return new Dimension (22, 55);
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public Dimension getPreferredSize() ({

return getMinimumSize() ;

The LiquidCrystalComponent class is abstract, and it acts as a shell for all
of its subclasses, which you’ll be building shortly. The instance variables and
methods are meant to be used to keep track of a pattern of pieces that make
up a larger picture. In your case, you'll be creating two subclasses: Liquid
CrystalDigit and LiquidCrystalNegative. The LiquidCrystal
Digit component will be used to display the digits for our calculator, and
the LiquidCrystalNegative component will be used to display a negative
symbol (-). Because LiquidCrystalComponent is abstract, it doesnt define
an actual pattern of pieces. That’s a job for its subclasses. The instance vari-
ables and methods defined in LiquidCrystalComponent are common
fhncdonaﬁqrﬂn‘dlofthesubda%esofLiquidCrystalComponent.

There are only two instance variables in the LiquidcrystalComponent
class. The 1itPattern[] variable is an array of boolean values. The size of
this array is equal to the number of pieces that make up the entire Liquid
CrystalComponent pattern. Because each piece is either lit (on) or unlit
(off) at any given time, boolean values are the best bet. The values are true
for lit and false for unlit.

The other instance variable is offColor. It is used to store the color that
graphically renders the unlit pieces. You rely on the foreground color, which
is inherited from the component class, to be the lit color, and the inherited
background color to be LiquidcrystalComponent’s background color.

As far as constructors go, there are two: one no-argument constructor and
one that takes three color arguments—one for the background color, one
for the unlit color, and one for the lit color. Notice that the no-argument
constructor calls the three-argument constructor like this:

this(Color.black, new Color(0, 80, 0), Color.green);
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Calling one “worker” constructor from another constructor is a common
object-oriented practice. This way, all of the work is done within a single con-
structor. The no-argument constructor passes default color values to the other
constructor rather than repeating the same code by setting the colors itself.

The LiquidcrystalComponent class has a getter and setter method for
accessing the unlit color: getunlitColor () and setunlitColor(). The
background and foreground (lit) colors can be accessed through the corre-
sponding method inherited from the component class: getBackground (),
setBackground (), getForeground(), and setForeground (). See Table
5.1 for more details about the other LiquidcrystalcComponent methods.

TABLE 5.1 LIQUIDCRYSTALCOMPONENT METHODS

Method Name Description

protected void buildLitPattern() An abstract method that Liquidcrystal
Component subclasses should implement to
build the lit pattern by setting the individual
pieces to true (lit) or false (unlit), depend-
ing upon which character should be displayed.
This character should be stored in an instance
variable. For example, to display the number
5, a calculator lights the pattern that repre-
sents the number 5.

protected void lightPattern Lights the pattern indicated by the pattern|]

(int[] pattern) array. The elements of this array are equal to
the indices of the 1itpPattern[] array that
should be set to true (should be lit). Note
that this method does not turn any pieces of
the pattern off, so whatever was lit prior to
calling this method will still be lit afterward.

continued



2ir4e!  Learn Java In a Weekend

TABLE 5.1 LiQUIDCRYSTALCOMPONENT METHODS

Method Name Description

protected void clearPattern() Clears the pattern by setting all of the
elements of the 1itPattern[] array to
false.

protected Color getPieceColor Returns the color, which is either the lit

(int pieceIndex) color or the unlit color, for the given

piece.The pieceIndex argument is the
index of the piece in the 1itPattern|]
array. If the value of 1itPattern
[pieceIndex] is true, the lit color is
returned, else the unlit color is returned.

public Dimension getMinimumSize() Overrides the getMinimumSize () method
of the Component class. It returns the mini-
mum LiquidCrystalComponent Size.

public Dimension getPreferredSize() Overrides the getPreferredsize ()
method of the Component class. It
returns the preferred size, which in this
case is the minimum size.

Creating the LiquidCrystalDigit Component

The LiquidCrystalDigit component extends the abstract Liquidcrystal
Component class and, thus, inherits all of its functionality. Because the
LiquidCrystalDigit component is not abstract, it must provide an imple-
mentation of the buildLitPattern() method, which it does. This is
always the case when extending abstract classes. Any and all abstract methods
in the super-class must be implemented, unless the subclass is also abstract.
In fact, if you try to compile a concrete class without implementing the
super-class’s abstract methods, the compiler will tell you that you must
declare the subclass to be abstract as well and the class will not compile.
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The purpose of the LiquidcrystalDigit class is to represent the numbers
that the calculator program will display. The Liquidcrystalbigit class
inherits the two instance variables that are declared in the Liquidcrystal
Component class and also defines four additional instance variables. The
static variable, EMPTY, is used as a flag to indicate that the digit to be dis-
played is empty or blank. It is declared using the £inal keyword, which
means that it is a constant, and, therefore, its value never changes. Another
static constant declared in the LiquidcrystalDigit class is E, which is
used to indicate that the digit to be displayed is the letter E. Calculators
commonly use the letter E to indicate that some error has occurred, such as
an overflow error, so we will also use it.

An overflow error occurs when the number to be displayed is too large to
display using a set number of digits. The LiquidcrystalbDigit component
can display only a single digit, so the number 10 would be too large to
display, and the letter E would be displayed instead. The digit variable
stores the value of the digit that is to be displayed by an instance of the
LiquidCrystalDigit class. Because there is room for only one digit, valid
values for this range include any number between zero and nine. All other
numbers are considered invalid. The final variable is decimalPoint, which
is a boolean, and is true if a decimal is to be displayed right after the digit.
Here is the source code for LiquidCrystalDigit:

/*
* LiquidCrystalDigit
* A lightweight component that represents an LCD digit.
*/

import java.awt.*;
public class LiquidCrystalDigit extends LiquidCrystalComponent {

/* the constant that represents the empty display */

public final static char EMPTY = ‘' ‘;
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/* a constant that represents the error code ‘E’ */
public final static int E = 99;

/* the currently displayed digit */

protected int digit;

/* indicates whether the decimal point is on or off */

protected boolean decimalPoint;

public LiquidCrystalDigit() {

this (EMPTY) ;

public LiquidCrystalDigit (int digitToDisplay) {
super () ;
litPattern = new boolean[8];

setDigit (digitToDisplay) ;

public LiquidCrystalDigit (int digitToDisplay,
Color bg, Color unlit, Color 1lit) {
super (bg, unlit, 1lit);
litPattern = new boolean[8];

setDigit (digitToDisplay) ;

public void setDigit(int digitToDisplay) {
digit = isDigitValid(digitToDisplay) ? digitToDisplay : E;
buildLitPattern() ;

repaint () ;
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public int getDigit() {

return digit;

public void setDecimalPoint (boolean on) {

decimalPoint = on;
buildLitPattern() ;
repaint () ;

}

public boolean hasDecimalPoint () {
return decimalPoint;

}

public boolean isDigitValid(int digitChar) {

if ( (digit >= 0 && digit <= 9)
|| (digit == EMPTY)
|| (digit == E)) {

return true;
}

return false;

protected void buildLitPattern() {
clearPattern() ;
switch (digit) ({
case 0:
lightPattern( new int[] { O, 1, 2, 4, 5, 6 } );
break;

case 1l:
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lightPattern( new int[] { 2, 5 } );

break;
case 2:
lightPattern( new int[] { 0, 2, 3, 4, 6 } );
break;
case 3:
lightPattern( new int[] { 0, 2, 3, 5, 6 } );
break;
case 4:

lightPattern( new int[] { 1, 2, 3, 5 } );
break;

case 5:
lightPattern( new int[] { O, 1, 3, 5, 6} );
break;

case 6:
lightPattern( new int[] { O, 1, 3, 4, 5, 6 } );
break;

case 7:
lightPattern( new int[] { 0, 2, 5 } );
break;

case 8:
lightPattern( new int[] { O, 1, 2, 3, 4, 5, 6 } );
break;

case 9:
lightPattern( new int[] { O, 1, 2, 3, 5, 6 } );
break;

case E:
lightPattern( new int[] { 0, 1, 3, 4, 6 } );
break;

case EMPTY:
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default:
return;
}

litPattern[7] = decimalPoint;

public void paint (Graphics g) {

.setColor (getBackground()) ;

.fillRect (0, 0, getWidth(), getHeight());
.setColor (getPieceColor(0));

.fillRect (5, 5, 11, 3);

.setColor (getPieceColor(1l));

.fillRect (2, 8, 3, 18);

.setColor (getPieceColor(2));

.fillRect (16, 8, 3, 18);

g

g

g

g

g

g

g

g

g.setColor (getPieceColor(3));
g.fillRect (5, 26, 11, 3);
g.setColor (getPieceColor(4));
g.fillRect (2, 29, 3, 18);
g.setColor (getPieceColor(5));
g.fillRect (16, 29, 3, 18);
g.setColor (getPieceColor(6));
g.fillRect (5, 47, 11, 3);
g.setColor (getPieceColor (7)) ;
g

.fillRect (20, 47, 3, 3);

The LiquidCrystalbDigit class has three constructors. The no-argument
constructor constructs an empty LiquidCrystalDigit that has all of the
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pieces of its pattern unlit, so it displays no digit at all. It calls the Liquia
CrystalDigit (int) constructor, passing it the EMPTY value. Although the
EMPTY variable is a char, it can be assigned to an int because the int
datatype can store all possible char values. The chars are converted to ints
when you assign them to int variables. The LiquidCrystalDigit (int)
constructor takes a single argument. The appropriately named digitTo
Display parameter is used to pass in the digit that is to be initially displayed
by the Liquidcrystalbigit component. This constructor does not call the
third constructor, LiquidCrystalDigit (int, Color, Color, Color) to
do its work for it.

This example illustrates that you can't always have a single worker constructor
do all of the work. The reason here is that the LiquidCcrystalDigit (int)
constructor calls super (), which is the no-argument LiquidCrystal
Component () constructor. If you recall, this super-class’s constructor creates
a LiquidCrystalComponent using the default color scheme. Because the
LiquidCrystalDigit (int) constructor does not specify any colors, it calls
the no-argument superconstructor to do that part of the work. Then the
instance variables are initialized. The 1itPattern[] array is initialized to be
eight elements long. That’s because there are seven pieces that make up the
digit and one more that makes up the decimal point. The third constructor,
LiquidCrystalDigit (int, Color, Color, Color), accepts the digit to
be displayed as well as the three colors that make up the color scheme.

Now, I'll describe the purpose of the other methods. The setbigit()
method is used to set the display value. This method assigns the given value
to the digit instance variable, calls buildLitPattern (), and then repaints
the component so that the lit pattern changes become visible. The get
Digit () method simply returns the value that is stored in digit. The set
DecimalPoint () method accepts a boolean argument. You should pass in
true if this LiquidcrystalDigit should display a decimal point, or false
if it should not. This method also repaints the component. The hasbecimal
Point () method returns true if the decimal point is set, or else it returns
false. The ispigitvalid() method returns true if the given digit can be
displayed. If the digit’s value is EMPTY, E, or an int that inclusively falls
within the zero-to-nine range, then it is valid. If not, this method returns
false.
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The buildritPattern() method provides an implementation for the
super-class’s abstract method. It builds the lit pattern for the Liquidcrystal
Digit. First, it checks the value of the digit instance variable by running
it through a switch statement. For each possible value, it lights up the pieces
of the pattern in such a way that it visually represents the digit that is to be
displayed. To accomplish this, the buildritPattern() method clears the
pattern by calling clearpattern (), which sets all of the 1it Pattern[]
elements to false. Then the buildLitPattern() method calls the
lightPattern() method, passing it a new int array with values that cor-
respond to the indices of the litPattern[] array that need to be lit. For
example, to create the pattern for the digit 1, it lights up pieces 2 and 5. Take
a look at Figure 5.11 to see how the 1itPattern[] array elements corre-
spond to the pieces of the LiquidCrystalDigit class. Finally, the build
LitPattern() sets the litPattern[7] element, which is the piece for the
decimal point. The buildLitPattern() method simply assigns the value
of decimalPoint, which is a boolean, to litPattern[7]. It is true if
there is a decimal point, or false if there is no decimal point.

The paint () method renders all of the pieces to the LiquidCrystalDigit
component. Recall that you have to paint the graphics for custom light-
weight components yourself. This is the function of the paint () method.
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The first thing the paint () method does is fill the entire area with the back-
ground color so that the graphics from any previous renderings are cleared.
Then it gets the color for each individual piece by calling the getPiece
color () method, passing in 1itPattern[] indices. Using the determined
color, the paint () method then fills a rectangle, which graphically repre-
sents one of the lit pattern pieces.

Creating the LiquidCrystalNegative Component

Now that the LiquidcrystalDigit lightweight component is out of the way,
it should be a breeze to create the LiquidcrystalNegative component. The
LiquidCrystalNegative component is very similar to the Liquid
CrystalDigit component. The difference is that instead of displaying
digits, the LiquidcrystalNegative component displays a single negative
sign. The negative sign is either lit or unlit, depending on whether the
LiquidCrystalNegative should indicate a negative number or not. Of
course, the LigquidCrystalNegative class alone doesn’t offer you much, but
lmrrtheDigitalDisplay(xnnponentwﬂlputaLiquidCrystalNegative
component together with some LiquidCrystalDigit components to make
the calculators display panel. Here is the source code for Liquidcrystal

Negative:

/*
* LiquidCrystalNegative
* A liquidCrystalComponent that represents a negative sign.
*/

import java.awt.*;

public class LiquidCrystalNegative extends LiquidCrystalComponent {

protected boolean negative;

/* constructs a new LiquidCrystalNegative that is initially
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* unlit */
public LiquidCrystalNegative() {

this (false);

287

/* constructs a new LiquidCrystalNegative that is either

* 1lit or unlit */
public LiquidCrystalNegative (boolean isNegative)
super () ;
litPattern = new boolean[1];
negative = isNegative;

buildLitPattern() ;

public LiquidCrystalNegative (boolean isNegative,
Color bg, Color unlit, Color 1lit) {
super (bg, unlit, 1lit);
litPattern = new boolean[l];
negative = isNegative;

buildLitPattern();

public void setNegative (boolean isNegative) {

negative = isNegative;
buildLitPattern() ;
repaint () ;

}

public boolean isNegative() ({

return negative;
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public void buildLitPattern() {
clearPattern() ;
if (negative) {

litPattern[0] = true;

public void paint (Graphics g) {
g.setColor (getBackground()) ;
g.fillRect (0, 0, getWidth(), getHeight());
g.setColor(getPieceColor(0));

g.fillRect (5, 26, 11, 3);

The negative boolean instance variable is true if the negative sign should
be lit, or false if it should not be lit. The 1itPattern] array is only one
element long, as there is only one piece to the pattern. The rest of the class
works just like the LiquidcrystalDigit class.

Testing the LiquidCrystal Components

Just to make sure that our lightweight components are working properly,
here is a little test program. It tests all of the possible display values for the
LiquidCrystalDigit class bycnnsuucdng:lnceriquidCrystalDigit
object for each of the possible display digits. The first one, which displays the
digit 0, is the only instance that displays the decimal point. The Liquid
CrystalDigitTestakoteﬁstheLiquidCrystalNegative(xnnponent

/*
* LiquidCrystalDigitTest

* Tests the LiquidCrystalDigit component.
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*/

import java.awt.FlowLayout;

import java.awt.Color;
public class LiquidCrystalDigitTest extends GUIFrame ({

public LiquidCrystalDigitTest () {

super (“Liquid Crystal Digit Test”);

setLayout (new FlowLayout (FlowLayout.CENTER,0, 0));
Color bg = new Color(88, 207, 233);
Color unlit = new Color (30, 189, 223);
Color 1lit = Color.black;
System.out.println(

“Constructing new LiquidCrystalDigits...”);
System.out.println

“Adding LiquidCrystalDigit 0 with decimal...”);
LiquidCrystalDigit zero

= new LiquidCrystalDigit(0, bg, unlit, 1lit);
zero.setDecimalPoint (true) ;

add (zero) ;

for (int d = 1; 4d <= 9; d++) {
System.out.println(
“Adding LiquidCrystalDigit ™ + d + “..."”);

add (new LiquidCrystalDigit(d, bg, unlit, 1lit));

System.out.println(“Adding LiquidCrystalDigit E...”);
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add (new LiquidCrystalDigit (LiquidCrystalDigit.E,

bg, unlit, 1lit));

System.out.println(“*Adding empty LiquidCrystalDigit...”);
add (new LiquidCrystalDigit (LiquidCrystalDigit.EMPTY,

bg, unlit, 1lit));

System.out.println(“Adding LiquidCrystalNegative...”);

add (new LiquidCrystalNegative(true, bg, unlit, 1lit));
pack () ;

setVisible(true) ;

public static void main(String args[]) {

new LigquidCrystalDigitTest();

If you are coding along with the examples in this book, make sure that you
run this test program. If it works properly, it proves that the Ligquidcrystal
Digit and LiquidCrystalNegative components are working. What's
more, it proves that the underlying abstract LiquidCrystalComponent
class is valid. It also demonstrates the fact that you can create your own
custom lightweight components using Java. Finally, it is important that this
test program works properly because these components are part of the cal-
culator project, and you won't be able to move on unless your code is
working. If you're stumped or want to save time, visit the companion Web
site for this book at http://www.premierpressbooks.com/downloads.asp and
download the code. Figure 5.12 shows how the components should look.
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Take a Break

Now is a good time to take a break. Get up and step away from the com-
puter for a while so that you can come back refreshed. After your break,
you'll learn about Swing, named inner classes, and anonymous inner classes.
You'll learn how to use inner classes and adapter classes for GUI event han-
dling. Exception handling is also covered. You'll learn how to use try-catch
blocks to handle exceptions; then you'll move on to create a custom excep-
tion class. Using just about all of what you learned this morning, you'll create
the DigitalDisplay component for the calculator project and then write a
test program to see how the project is progressing.

Introduction to Swing GUI Programming

Overview

Youve learned about lightweight components and how to create custom
lightweight components. Now is a good time to go over the Java Swing AP
Java provides a set of ready-made lightweight components that are part of the
Swing APL. It provides lightweight versions of all of the heavyweight com-
ponents that you've already learned about. It has buttons, text fields, check-
boxes, and so on. In this section, I'll begin by providing an overview of the
Swing package components and compare them to the Java AWT components.
Then I'll put the Swing package to work by converting the calculator
Keypad class from Saturday night’s session to Swing.

of the Swing Package

The main set of classes in the Swing API can be found in the javax.swing
package. In order to make use of Swing components, you need to import this
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package. The javax.swing package provides a set of lightweight compo-
nents that work the same across all platforms. Within this package, you’'ll
find such lightweight components as JButton, JTextField, JPanel, and
so on. For the most part, the Swing components have the same name as that

of the AWT, with the exception of a “]” prefix. Table 5.2 lists a subset of

these components.

TAaBLE 5.2 Java SWING COMPONENTS

Swing Component Name Description

JButton A button

JCheckbox A checkbox component

JComponent The abstract super-class for all Swing components

JDialog A dialog window

JFileChooser A component that allows you to select a file ( for opening/
saving, and so on)

JFrame A frame that provides the same usefulness as the
java.awt .Frame class—Dbasically, a window

JLabel A label component

JPopupMenu A popup menu

JRadioButton A radio button whose state can be either selected or
deselected

JScrollBar A scrollbar

JTextArea A text area that can have multiple lines of text and is
typically editable by the user

JTextField A single-line text entry or display field
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While Swing package component use is vastly similar to AWT component
use, there are some subtle differences. The first difference you will notice is
that when youre adding components to a JFrame, you don’t add them
directly to the JFrame. Instead, you add them to the content pane of the
JFrame. This is just the way that the JFrame is implemented. The content
pane is where all of the components that the JFrame contains are laid out.
A reference to the content pane can be had by calling the getcontent
Pane () method on the JFrame instance.

Another difference is the way that you can set default closing operations. To
exit the application upon a JFrame closing, you can call

setDefaultCloseOperation (EXIT_ON_CLOSE) ;

Calling the setDefaultCloseOperation() method in this way relieves
you of the responsibility to create a WwindowListener object to exit the
application when the user closes the window. There are four possible values
thatanlbepa$edtothesetDefaultCloseOperation() method:

» WindowConstants.DO_NOTHING_ON_CLOSE: Sets the default close
operation to do nothing.
» WindowConstants.HIDE ON_CLOSE: Hides the frame when it is closed.

» WindowConstants.DISPOSE_ON_CLOSE: Hides the frame and frees
up its resources.

» JFrame.EXIT_ON_CLOSE: Exits the application when closed using
System.exit (0).

The swingTest program is a very simple demo of how to use the Swing
package. It creates a JFrame and adds a JLabel, JTextField, and JButton
to it. Here is the source code:
/ *

* SwingTest

* Demonstrates, very basically, how to use swing

*/

import javax.swing.*;
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import java.awt.*;

import java.awt.event.*;
public class SwingTest extends JFrame {

public SwingTest () {
super (“Swing Test”) ;
JLabel label = new JLabel (“JLabel”);
JTextField tfield = new JTextField(“JTextField”, 15);
JButton button = new JButton (“JButton”);
getContentPane () .setLayout (new FlowLayout());
getContentPane () .add(label) ;
getContentPane () .add(tfield) ;
getContentPane () .add (button) ;
setDefaultCloseOperation (EXIT_ON_CLOSE) ;
pack();

setVisible(true) ;

public static void main(String args[]) {

new SwingTest();

As you can see, the constructors for the three Swing components correspond
to the AWT Label, TextField, and Button component constructors. Also,
this program clearly demonstrates that the components are added to the
content pane, rather than to the JFrame directly. If you tried to add them
directly to the gFrame, you would get a runtime error. Also, this program
demonstrates that when you attempt to close the JFrame by clicking on the
x, it actually closes, even though it didn’t have to register a windowListener
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because it set the default close operation to EXIT_ON_cLOSE. This Swing
example program is shown in Figure 5.13.
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By default, Swing components use the Java look and feel, also known as the Metal look
and feel. The term look and feel refers to the appearance and behavior of Swing com-
ponents.The Java look and feel is not the only one available. Swing applications can also
have a Macintosh, Motif, or Windows look and feel. While I don’t describe how to change
the look and feel, | will give you a way to check them out. If you're at all interested in
Swing or GUI programming in general, you should definitely check out the Swing demo
included in your Java SDK.To run the Swing demo, open the command prompt to the
following directory (where <5 dk> is the directory where you installed Java):

<jdk>\demo\jfc\SwingSet2

(Hint: If you installed the version described on Friday Evening, the directory will be
named jdk1.3.1_01; if you installed a different version, the directory should at least
have either jdxk or j2sdk as part of its name). Once you get to the right directory, use
the following command:

java -jar SwingSet2.jar

This will start up the very cool Swing demo. This demo lets you play around with all of
the different Swing components and lets you change the look and feel on the fly. It even

lets you peek at the source code!
H HE H E N EEEE NN EEEEE NN EEEEEEEEEEEEGSRE
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As far as coding goes, you've already seen that Swing applications are very similar to
AWT applications. Because of this similarity, it is pretty easy to convert between the two.
Performance-wise, Swing performs a bit better because it is less of a memory hog than
the AWT. Unlike AWT, Swing does not render its components in separate windows, giving
Swing applications greater memory efficiency and earning them the title of lightweight
components. Finally, the fact that Swing components behave the same across all oper-
ating systems is also a benefit.

Ega Swing Test Hi=l
JLabel |.JTextFieId | JButton




2A%]5)  Learn Java In a Weekend

Converting CalculatorKeypad to Swing

The final calculator project will be a Swing application. That you've already
created the calculatorkKeypad component using AWT is actually a plus
here because you won't have to start from scratch, and it is fairly easy to
convert the AW'] CalculatorKeypad to a Swing CalculatorKeypad.
Here is the source code for the Swing version of the calculatorkeypad:
/ *

* CalculatorKeypad

* A Panel subclass that contains a set of buttons for a

* calculator

* /

import java.awt.*;

import javax.swing.*;
public class CalculatorKeypad extends JPanel {
private JButton[] buttons;

public CalculatorKeypad() {
super () ;
GridBagLayout gbl = new GridBagLayout();
GridBagConstraints gbc = new GridBagConstraints();
gbc.fill = GridBagConstraints.BOTH;
gbc.weightx = gbc.weighty = 1.0;

gbc.ipadx = gbc.ipady = 5;

// bLabels is an array of button labels in order
// from left to right =+ is #247, * is #177, _ 1is #215

String [ ] bLabels = { “MR” , wMC” , WM+ , wM-" , wMS” , w SQII ,
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wC”, “AC”, “POW”, String.valueOf ((char)247),
String.valueOf ( (char)215), “-~, “77, w87, “9r,
String.valueOf ( (char)177), “4”, “57, “6", “+",

wim won w3 w_n wQ# ooy,
’ I ’ ’ ’ . ’

//there are four columns of buttons

int cols = 4;

//build the Button array and add to Panel
buttons = new JButton[bLabels.length];
setLayout (gbl) ;

for (int b = 0; b < buttons.length; b++) {

buttons[b] = new JButton (bLabels[b]);

//set different constraints

if (bLabels[b].equals(“=")) {
// “=" spans two rows
gbc.gridheight = 2;
gbc.gridwidth = GridBagConstraints.REMAINDER;

}

else if (bLabels[b].equals(“0”)) {
// “0" spans two cols
gbc.gridy = 6;
gbc.gridx = 0;
gbc.gridwidth = 2;

gbc.gridheight = 1;

else if (bLabels[b].equals(“3”)) {
gbc.gridheight = 1;

gbc.gridwidth = GridBagConstraints.RELATIVE;
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}
else if ((b + 1) % cols == 0) {
gbc.gridheight = 1;
//end a row
gbc.gridwidth = GridBagConstraints.REMAINDER;
}
else {
// for the “.” button to be next to the “0”
gbc.gridx = GridBagConstraints.RELATIVE;
gbc.gridheight = 1;

gbc.gridwidth = 1;

//set the constraints and add it to the panel
buttons[b] .setFont (

new Font (“Helvetica”, Font.BOLD, 14));
gbl.setConstraints (buttons[b], gbc);
add (buttons[b]) ;

Table 5.3 lists the differences between the AWT version of the calculator
Keypad and the new Swing version of the CalculatorKeypad.

There’s not much to change, is there? I recommend that if you are coding
along with the examples, copy the original AWT calculatorKeypad source
code into a new directory and make these changes. It is the quickest way.

Though the changes are few, there are some similarities and differences you

should note. First, the Swing version of calculatorkeypad still has to

import the java.awt package. It does this so that it can access the classes
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TaBLE 5.3 CaLcuLATORKEYPAD SWING CONVERSION CHANGES

AWT CalculatorKeypad Swing CalculatorKeypad
Extends Panel Extends gpanel.

Does not import javax.swing. * Imports javax.swing. *.

Imports java.awt.event. * Does not import java.awt.event. *.
Implements ActionListener Does not use an ActionListener.
Lays out an array of Buttons Lays out an array of JButtons.

used to lay out the buttons—GridBagLayout and GridBagConstraints.
Second, the new Swing version of calculatorKeypad does not implement
the ActionListener interface to listen to the button events. The elimina-
tion of the ActionListener interface is not actually related to the Swing
conversion. I've eliminated it because I'm going to create a new event model
for the calculator program this afternoon, so I just cut the ActionListener
loose here with the other changes. The ActionListener will return, but in
a new form and with a different function. It will be implemented as an inner
class. You learn about inner classes next.

Inner Classes

Java allows you to create classes within the definition of another class. These
types of classes are called inner classes. To define an inner class, all you have
to do is declare a class within the opening and closing curly braces of another
class, like this:

public class OuterClass {

public class InnerClass {
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An inner class has access to all of the members and methods of the class in
which it’s defined—and vice versa. Why would you ever want to create an
inner class? Because you might find that you want to define a helper class that
could be useful to only one other class, and that helper class needs access to
the other class’s members and methods (even the private ones). Inner classes
are typically specific enough so that they should be members of a parent class.
In fact, thats what inner classes are. Inner classes typically encapsulate a
related set of functions that are of use only to its outer parent class.

It’s good to know the naming scheme that Java uses when compiling inner
classes. If you completed and compiled the preceding snippet of code, two
class files will be generated. One class will be generated for outerclass and
another one for Innerclass. The class filename for outerclass will be
OuterClass.class. The filename for Innerclass is a bit different. It starts
with the outerclass name, as the inner class belongs to its corresponding
outer class. Then a dollar sign ($) is used, followed by the name of the inner
class. So, the filename for InnerClass becomes OuterClass$Inner
Class.class.TblfﬁxencetheInnerClass(ﬂa%ffonlounﬂdeOuterclass,
you prefix the Innerclass name with outerclass and a dot:

OuterClass.InnerClass inner;

Anonymous Inner Classes

Anonymous inner classes are different from the previous type of inner class
in that they are not named. Anonymous inner classes are declared within an
expression, such as a method body. For example, you can subclass a class
within another class without having to create a new source file. In the fol-
lowing example, I've created an anonymous inner class that is a subclass of
the Canvas class:

import java.awt.*;

public class SomeClass {
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Canvas canv;

public SomeClass() {
canv = new Canvas() {
public void paint (Graphics g) {

g.fillRect (10, 10, 100, 100);

You can see that the outer class name is SomeClass, and it has a canvas
instance variable called canv. The someClass () constructor method creates
an anonymous inner class, which is a subclass of canvas, and assigns it to
canv. To do this, it calls the canvas () constructor method, but instead of
ending the line with a semicolon, it opens a block with an opening curly brace.
This is how you define the code that belongs in an anonymous inner class. In
this example, the anonymous inner class overrides the paint () method and
fills a rectangle. If the anonymous canvas were ever rendered, it would have
that rectangle painted inside it. Note that you override and declare methods
and instance variables in the usual way. On the line below the closing curly
brace, the curly brace that closes the inner class definition appears. You have to
put a semicolon after this curly brace because it ends the assignment statement.
Because the inner class has no name (it is an anonymous inner class, after all),
the compiler creates a special class file for the inner class. Here, the class file-
name for the anonymous inner class would be someclass$1.class. The
compiler uses numbers to name anonymous inner classes.

Using Adapter Classes for Event Handling

One very common use for anonymous inner classes in GUI programming is
event handling. You've already done some event handling where you had to
implement an interface and include all of the interface’s methods in your
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class file. There is a shortcut for this. The AWT package defines event-
handling classes, called adapter classes, that already implement their corre-
sponding interfaces, so you dont have to. These adapter classes implement
the interface methods as do-nothing methods that have an opening and
closing curly brace but no statements inside. Thus, they do nothing. The
adapter classes act as a shortcut as you can extend these classes without
having to implement every single interface method. Instead, you only imple-
ment the methods that you're interested in.

For example, if you want to add a windowListener to a JFrame but you're
only interested in closing the application when the user closes the window, you
can create a subclass of its corresponding adapter class—wWindowaAdapter.
Instead of implementing every single method defined in the windowListener
interface, you only need to override the windowClosing () method and reg-
ister the WwindowAdapter subclass that you created as the WwindowListener
for the Frame. For such a trivial operation, you wouldn’t want to have to create
an entirely new source file. Instead, you would create an anonymous inner
class that extends windowAdapter. As an example, here is a rewrite of the
GUIFrame class that does just that:

import java.awt.*;

import java.awt.event.*;
public class GUIFrame extends Frame {

public GUIFrame(String title) {
super (title);

setBackground (SystemColor.control) ;

addWindowListener (new WindowAdapter () {
public void windowClosing (WindowEvent e) {
dispose();

System.exit (0) ;
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/* Centers the Frame when setVisible(true) is called */
public void setVisible(boolean visible) {
if (visible) {

Dimension d =
Toolkit.getDefaultToolkit () .getScreenSize();

setLocation((d.width - getwidth()) /2,
(d.height - getHeight())/2);
}

super.setVisible(visible) ;

Notice that this version of GUIFrame no longer implements the window
Listener interface and doesn’t pass itself in to the addwindowListener ()
method. Instead, it passes the anonymous inner class. Because the anony-
mous inner class is a subclass of WwindowAdapter and windowAdapter
implements the windowListener interface, the anonymous inner class is a
WindowListener, too, which is why you are able to register it as the
GUIFrame’s WindowListener. The whole inner class definition resides
within the parentheses of the addawindowListener () method. Note that
the closing parenthesis of the addwindowListener () method appears after
the anonymous inner class definition and is followed by the semicolon that
ends that statement. Also, if you choose to compile this code, take a look at
the class files that are created. For the anonymous inner class, the class file-
name is GUIFrame$1.class. There are other adapter classes that correspond
to other types of event handlers. Take a look at the Java JDK API documen-
tation to see them. They reside within the java.awt.event package.
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Using Exception Handling

What Are

NOTE

Sometimes when a program is running, abnormal conditions may occur.
Those conditions are called exceptions. For example, you might have a string
that you are trying to parse to an int. What if the string is not in the correct
format? The program expects a string that represents a valid int value, such
as “13354”. The static method parseInt() in the Integer class can
convert that String into an int without any problems. On the other hand,
if the string looks more like “monkey”, then there’s no way it can be con-
verted into an int because “monkey” is not a valid representation of an int
value. So, what happens? Your program crashes! That is, unless you prepare
for this type of exception.

Exceptions?

Exceptions are errors that occur even when the code is correct and compiles
without any errors. They are abnormal conditions that cause a program to
become unable to continue normally. Without exception handling, excep-
tions cause programs to stop what they’re doing and die. When this happens,
you should see a stack trace printed to the standard output stream, like
Windows’ MS-DOS window. A stack trace lists the stack of method calls that
preceded and led to the exception, making it easier to get to the root of the
problem. Java uses specialized classes, called exception classes, to encapsulate
information about exceptions that occur. The root class for all exceptions is
the Exception class, which is found in the java.lang package. The
Exception class implements the Throwable interface. (All exceptions must
implement the Throwable interface.) Because all standard exceptions are
subclasses of the Exception class, they all implement the Throwable inter-
face through inheritance.
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A stack is a special kind of list (FILO—First In Last Out).Think of it like stacking pennies
one at a time. The first one that you put down will be the last one that you pick up when
you are unstacking the pennies. Java maintains a stack of method calls to track the
program flow from method to method. As an example, consider three methods, main (),
methodl (), and method2 (), where methodi () is called from main () and
method?2 () is called from method1 () .The stack starts out with the main () method.
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When method1 () is called from the main () method, method1 () goes to the top of
the stack (adding to a stack is called a push). When method2 () is called from
method1 (), method2 () is pushed onto the stack. When method2 () completes, it
gets removed from the stack (removing from a stack is called a pop). At this point, the
top of the stack is method1 () This makes sense. Because method2 () is called from
methodl (), program control returns to method1 () When method2 () returns.When
methodl () returns, it gets popped from the stack, leaving only main ().

This is how the stack trace works. If you get a stack trace listing for an exception, the
listing will start out with the method in which the exception occurred and continue down
the stack to the main () method (if the program is an application) so that you can trace
all of the method calls leading up to the one that threw an exception.

Wrapping Exceptions in try-catch Blocks

Java has a built-in way of handling exceptions. Five keywords are used exclu-
sively for exception-handling purposes. The five keywords are try, catch,
finally, throw, and throws. Their names are descriptive of the functions
they perform. When you write a line of code that might throw an exception,
you use the try keyword to indicate that you're trying to execute code. You're
“trying” it because there’s a chance that it might not work. If it doesn’t work,
the code throws an exception, which means it creates a new Exception
object and throws it. This action stops the execution of your code and, nor-
mally, crashes your program. To prevent your program from crashing, you
“catch” the thrown exception using the catch keyword. After you catch the
exception, you can write code that handles the abnormal condition associated
with the thrown exception. This is the basic idea of exception handling.

For example, consider the situation I mentioned previously in which parsing
a String to an int doesn’t work; the parseInt () method throws a Number
FormatException. In this case, you could handle the exception by placing
the parseInt() method in a try block, catching the NumberFormat
Exception and then assigning some default int value instead, like this:

int myInt;
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try {
myInt = Integer.parselnt (myString);
System.out.println(“Parsing was successful”);
} catch (NumberFormatException e) {
myInt = 1;

System.out.println(“Parsing was unsuccessful.. using default”);

In this example, myInt is an int and myString is a String object that has its
value set elsewhere, which means you do not yet know the value of mystring.
If the string object’s value does not represent a valid int, the parseInt ()
method throws du:NumberFormatException,tdﬂng you Out(ﬁrduztry
block. Java looks for the nearest catch block that catches a NumberFormat
Exception and enters it. Its right below the try block, where it should be.
Actually, try must always be followed immediately by at least one catch state-
ment, or the program will not compile. So, the NumberFormatException is
caught, and the program assigns a valid int, 1, to myInt and prints a message
indicating that parsing was not successful. It is important to know that when
the exception is thrown, the rest of the try block is ignored. In this case, the
message “Parsing was successful” will not be printed. Its important to
know that if myString represents a valid int and no NumberFormatException
is thrown, all of the code in the catch block is ignored.

It is always the case that when a method that may throw an exception is
reached, either the code after the method within the try block is executed, or
the code in the catch block is executed, but never both in a single run. This
presents a slight problem. What if you must do something after an iffy
method, regardless of method success or exception? For example, when
reading the contents of a file, an exception may occur. Whether or not the
exception thrown is meaningless; you still want to close the file when you're
done reading it so that you can free up system resources. One solution is to
close the file in both the try and the catch blocks. This is inefficient because
it forces you to repeat the same code in two places, which is especially bad if
there is a lot of code. Another solution is to put the code after the try-catch.
It will work, but only in some situations. Sometimes—especially in large
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applications—a catch block will handle an exception by performing what-
ever exception-handling responsibilities it has. Then it will either re-throw
the exception or throw a new exception. This course of action throws you
out of the code (typically a method), and the code after the catch block is
ignored. Yet another, better solution is to use the finally keyword to create
a finally block. finally blocks are optional, but if you use one, it must
immediately follow a catch block. Any code that you want executed regard-
less of exception occurrence, should be placed in the finally block.

The ExceptionTest program demonstrates what youve learned so far
about exception handling. Here is the source code:
/*

* ExceptionTest.java

* Demonstrates how to perform exception handling

*/
public class ExceptionTest {

public static void main(String argsl[]) {
String str = null;
boolean success = false;

int num;

try {
str = args[0];

} catch (ArrayIndexOutOfBoundsException e) {
System.out.println(e);
System.out.println(

“\nYou forgot to pass an argument!”);

System.out.println(“Using default wvalue...”);
str = “1”7;

} finally {
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System.out.println(“String value: “

+ \\\IIII + Str + \\\IIII)’.
}
try {
num = Integer.parselInt(str);
success = true;

} catch (NumberFormatException e) {

success = false;
throw new NumberFormatException (“\n\”” + str + “\"””
+ “ cannot be parsed to an int!”);

} finally {
//will get here no matter what
System.out.println(“parsing “

+ (success ? “successful!”: “not successful.”));

//won’t get here if NumberFormatException occurs

System.out.println(“int value is: “ + num);

The ExceptionTest program uses exception handling to handle two excep-
don&——ArrayIndexOutOfBoundsException.and.NumberFormatException.
The first handled exception in this demo program is ArrayIndexOutOf
BoundsException, which is thrown if the program tries to access an array
element that is out of bounds. For example, if you have an array of size 1 and
you try to access the tenth element, you've exceeded the array’s size, causing
an ArrayIndexOutOfBoundsException. Here, it is used for the args[]
array. The size is definitely not known at this point in the program because
there is no way to predict how many arguments will be passed when the
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program is invoked. If no arguments are passed, then the array size is zero,
and accessing the first element, which is args [01, will cause the ArrayIndex
OutOfBoundsException to be thrown. ExceptionTest handles this excep-
tion by printing a message to indicate that the program was run without any
arguments and to set up the str variable with the default value *1~. If no
exception occurs here, then the program was run with at least one argument,
and the first argument was assigned to str. This prevents the program from
crashing, and it continues to the second exception-handling code.

The second handled exception is NumberFormatException. When parse
Int () attempts to parse str to an int, a NumberFormatException may
occur. ExceptionTest handles this exception by first trying to perform the
parsing, and then catching the possible NumberFormatException. If the
parsing is successful, the success variable is set to true. If the parsing is not
successful, success is set to false and a hew NumberFormatException is
created and thrown. In either case, a message is printed indicating whether or
not the parsing worked because the code that prints this message is in the
finally block. Even though the code following the finally block is
ignored if the NumberFormatException occurs because the catch block
throws a new NumberFormatException, the code in the £inally block will
always be executed. Only if the parsing is successful will this line be executed:

System.out.println(“int value is: “ + num);

Figure 5.14 shows a possible output for the ExceptionTest program.

Exceptions

Not only can you handle exceptions that are thrown by Java, but also you
can throw exceptions yourself. You throw exceptions using the throw
keyword. In the previous code example, ExceptionTest, a new Number
FormatException object is created and thrown. Look back at ExceptionTest
to see how the throw keyword is used in a Java program. There is another
keyword that you use to indicate that a method may throw an exception. You
use the throws keyword for this purpose. You must place it after the param-
eter list in a method signature, like this:

public void myMethod (int myInt, String myString) throws Exception {
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The first run of
Exception
Test handles an
ArrayIndex
OutOfBounds
Exception, the
second one throws
a Number
Format
Exception, and
the third one is a
normal run.
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C:3\My Documents‘wkndjavatchD5>java ExceptionTest
java.lang.fArrayIndexOut0fBoundsException

You forgot to pass an argument!
Using default value...

String value: "1"

parsing successfull

int value is: 1

C:3\My Documents'wkndjavatchD5>java ExceptionTest monkey
String value: “"monkey”
parsing not successful.
Exception in thread "main™ java.lang.HumberFormatException:
“monkey” cannot be parsed to an int!

at ExceptionTest.main(ExceptionTest.java:29)

C:3\My Documents'wkndjavatchD5>java ExceptionTest §
String value: "5"

parsing successfull

int value is: §

C:3\My Documents’wkndjava‘chlS>_

Because this method throws an exception, anytime a program calls the
method, it must be called within a try-catch. If you fail to handle a
required exception in a program, the program won't compile. By not com-
piling, Java forces you to handle the exception. The ForcedException
HandlingTest program demonstrates this. The sleep() method might
throw an InterruptedException. It is part of the Thread class, which
you'll learn about this afternoon. The sleep () method pauses the program’s
execution for the given number of milliseconds. If the pause is interrupted,
it might throw an InterruptedException. You actually don’t need to
know exactly what this method does; you need only know that, in some sit-
uations, it throws an InterruptedException and that, by not compiling,
Java forces you to handle this exception. Figure 5.15 shows you the error
message that the compiler will issue. Here is the source code:

/*

* ForcedExceptionHandlingTest.java

* Demonstrates that Java forces you to handle exceptions
* This program won’'t compile!

*/

public class ForcedExceptionHandlingTest {
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Java programs
won’t compile
unless you handle
your exceptions!
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public static void main(String argsl[]) {
//MUST handle InterruptedException
System.out.println(“sleeping for 2 seconds...”);
Thread.sleep(2000) ;

System.out.println(“done”) ;

To find out which methods throw exceptions, consult the JDK API docu-
mentation. Any method that has a throws clause in its signature may throw
an exception and must be handled in a try-catch, or any method that calls
another method that throws an exception can add the same exception to its
own throws clause. For example, if method a() throws exception e and
method b () calls method a (), then method b () can either use a try-catch
block or add the throws e clause to its own method signature. If method b ()
uses the throws clause, method b() no longer has to use a try-catch block.
The ForcedExceptionHandlingTest2 program adds a throws clause to
the end of the main() method. This is the only difference between
ForcedExceptionHandlingTest and ForcedExceptionHandlingTest2.
This change allows the program to compile. So, instead of catching the

C:3\My Documents‘wkndjavachD5>javac ForcedExceptionHandlingTest.java
ForcedExceptionHandlingTest.java:12: unreported exception java.lang.InterruptedE
xception; must be caught or declared to be thrown

Thread:sleep(2ﬂﬂﬂ);

1 error

C:3\My Documents'wkndjavatchDS>
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InterruptedException,ﬂu3main()Ineﬂxxldnowmit]ﬁndngthesleep()
method in a try block and catching the InterruptedException would also
aHOWIForcedExceptionHandlingTest2tocxnnpﬂc

/*
* ForcedExceptionHandlingTest2.java
* Demonstrates that Java forces you to handle exceptions

* ... or at least throw them back to the caller

*/
public class ForcedExceptionHandlingTest2 {

public static void main(String argsl[])
throws InterruptedException {
//MUST handle InterruptedException
System.out.println(“sleeping for 2 seconds...”);
Thread.sleep(2000) ;

System.out.println(“done”) ;

Runtime Exceptions versus Exceptions

The main difference between normal exceptions and runtime exceptions is
that while Java forces you to handle normal exceptions, it does not force you
to handle runtime exceptions. The RuntimeException class is a subclass of
the Exception class. All subclasses of RuntimeException are runtime
exceptions, so you can perform operations that throw these exceptions
without having to place them in a try-catch. Also, Java does not force you
to use a throws clause in method signatures for methods that might throw
runtime exceptions. Conversely, all subclasses of Exception, excluding
RuntimeException and its subclasses, are not runtime exceptions, and you
are forced to handle the exceptions.
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RuntimeExceptions are reserved for exceptions that may occur during
normal program operation. You've already seen two examples of Runtime
Exceptions—ArrayIndexOutOfBoundsException and NumberFormat
Exception. You can take the exception-handling code right out of the
ExceptionTest program, and it will compile and run fine—unless an
exception occurs. If an exception does occur, the program will crash.
Runtime exceptions usually occur in the underlying system. For example,
ArrayIndexOutOfBoundsException occurs when you try to access a piece
of memory that doesn’t belong to the array. This is a system exception. With
this in mind, just about all of the custom exceptions that you may create
would not be runtime exceptions. You might be tempted to create runtime
exceptions so that you don’t have to write exception-handling code, but this
is considered bad practice, so don’t do it, okay?

00 0000000000000 OOCEOCOOCEOCOEOEOENOEOEONONOEONOEOEONOEOEOOOOOTOTO®TO O VO
NOTE Creating a subclass of Runt imeException just so you don’t have to write exception-
handling code is a bad idea. This completely negates the Java exception framework. If you
don’t handle your exceptions, then every time an exception occurs, your program will just die.
No message to the user—nothing—just a stack trace that a user won’t be able to under-
stand. If you want your programs to crash every time it encounters an exception, then by all
means, extend Runt imeException to your heart’s content, but | don’t think you do.

Creating DigitalDisplayOverflowException

Now, it’s time for you to create a custom exception for your calculator appli-
cation. This is not hard to do. Application-specific exceptions, such as this
one, are called application exceptions. The exception class that you are using
here is DigitalDisplayOverflowException. The calculator application
will use this exception to indicate that the yet-to-be-created Digital
Display class can't display a number because it has too many digits and won’t
fit in the liquid crystal display. DigitalDisplayOverflowException is not
a runtime exception. It is a subclass of the Exception class. One of the
Exception class constructors takes a string argument that is used as the
error message. DigitalDisplayOverflowException makes use of that
constructor by calling super (). Here is the source code for pigital
DisplayOverflowException:
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/*

* DigitalDisplayOverflowException

* An exception that indicates that a DigitalDisplay cannot
* display a number due to the size of the number exceeding
* the display’s display capacity.

*/

public class DigitalDisplayOverflowException extends Exception {

public DigitalDisplayOverflowException() ({

this(“DigitalDisplay Overflow”) ;

public DigitalDisplayOverflowException (String msg) ({

super (msg) ;

Creating CalculatorException

There is one more exception class that the calculator application will need. The
CalculatorException class defines a generic application exception. This
means that the calculator application should throw a calculatorException
when application-specific exceptions occur that are not specified by any other
exceptions. The calculator application has only one other exception defined
(which you just defined in the previous section) that it throws when the digital
display overflows. Since the calculator application is relatively small, you can
get away with having just one more exception for all other problems that the
calculator application may encounter. Although you're not going to incorpo-
rate the CalculatorException into the calculator application just yet (that
is, youre not going to throw it from anywhere), since this section is about
exceptions and the source code is pretty short, I'll show you the code here.
We'll use it later on (this afternoon). The source code is listed here:
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/*
* CalculatorException
* A generic Exception for the Calculator application
*/

public class CalculatorException extends Exception ({

public CalculatorException() {

this(“Calculator Exception”);

public CalculatorException(String msg) {

super (msg) ;

One could argue that, because calculatorException is a non-specific
exception, other more specific exceptions for the calculator class should
extend CalculatorException. DigitalDisplayOverflowException is
a more specific exception, but it does not extend calculatorException.
This is because the DigitalDisplay class, which throws DigitalbDisplay
overflowException, should be reusable. You should be able to reuse bigital
Display anywhere that you want to use a liquid crystal display—in any
Fmognnn.IfDigitalDisplayOverflowException<3aendedtheCalculator
Exception class, it would become application-specific. Any program that
used DigitalDisplay would also have to use CalculatorException.
That wouldn’t make much sense if the pigitalDisplay component was
being used by a game program to display the score.

the DigitalDisplay Panel

Now that the pDigitalDisplayOverflowException class is done, you can
create the DigitalDisplay panel for the calculator application. pDigital
Display uses the DigitalDisplayOverflowException class, which is why
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DigitalDisplayOverflowException was created first. «)ne(ﬁfDigital
Display’s methods throws a DigitalDisplayOverflowException.) Digital
Display also uses some of the other components that you created earlier. It
uses LiquidCrystalDigit and LiquidCrystalNegative to build the
display panel for the calculator. It uses one LiquidCrystalNegative to indi-
cate whether the displayed number is negative and nine LiquidCrystal
Digit components to display a nine-digit number that has a liquid crystal
appearance. DigitalDisplay also uses an inner class called DigitalDisplay
DigitalDisplayFormat to format numbers for displaying. As you'll see,
special formatting must take place before displaying the number.

Writing the Code

Here is the code for the DigitalDisplay class. It is a bit long, so feel free
to get a copy from the Internet at http://www.premierpressbooks.com/
downloads.asp. If you do take the code from the Internet, look it over until
it makes sense to you.
/ *

* DigitalDisplay

* A lightweight component that graphically represents a

* liquid crystal digital display.

*/

import java.awt.*;
import javax.swing.*;
import java.text.DecimalFormat;

import javax.swing.border.*;
public class DigitalDisplay extends JPanel ({
/* The LiquidCrystalDigit objects */

protected LiquidCrystalDigit[] lcdDigits;

/* An optional LiquidCrystalNegative component */
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protected LiquidCrystalNegative lcdNegative;
/* The color for all of the unlit pieces */
protected Color offColor;

/* The decimal formatter inner helper class */

protected DigitalDisplayFormat digitalFormat;

public DigitalDisplay(int digits) {

this (digits, 0.0);

public DigitalDisplay(int digits,double number) {

this (digits, number, false);

public DigitalDisplay(int digits, double number,
boolean useNegative) {
this(digits, number, useNegative,

Color.black, new Color (0, 80, 0), Color.green);

public DigitalDisplay(int digits, double number,
boolean useNegative, Color bg, Color unlit,
Color 1lit) {
lcdDigits = new LiquidCrystalDigit[digits];
digitalFormat = new DigitalDisplayFormat () ;
setBackground (bg) ;
setForeground (lit) ;

offColor = unlit;

setLayout (new GridLayout(l, 0, 0, 0));
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if (useNegative) ({
lcdNegative = new LiquidCrystalNegative(false, bg,
unlit, 1lit);

add (lcdNegative) ;

for (int 4 = 0; d < lecdDigits.length; d++) {
lcdDigits[d] = new LiquidCrystalDigit (0, bg,
unlit, 1lit);
add (lcdDigits([d]);
}
setBorder (BorderFactory.createBevelBorder (

BevelBorder .LOWERED) ) ;

digitalFormat.parseAndSetValue (number) ;

updateDisplay() ;

public int getNumDigits() {

return lcdDigits.length;

public String getValue() {

return digitalFormat.value.toString();

public void setDoubleValue (double dvalue) throws
DigitalDisplayOverflowException {
DigitalDisplayOverflowException de

= digitalFormat.parseAndSetValue (dValue) ;
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String strValue = digitalFormat.value.toString();
if (de != null) {

throw de;

public double getDoublevValue() {

return digitalFormat.getDoubleValue() ;

protected void updateDisplay() {
for (int d = 0; d < lcdDigits.length; d++) {
lcdDigits[d] .setDigit (digitalFormat.getIntAt(d));
lcdDigits[d] .setDecimalPoint (
digitalFormat.decimalIndex == d);
}

repaint () ;

public void appendDigit(int appendInt) {
digitalFormat.tryAppend (appendInt) ;

updateDisplay() ;

public void appendDecimal () {
if( digitalFormat.decimalIndex
== DigitalDisplayFormat.NO_DECIMAL) {
digitalFormat.decimalIndex
= lcdDigits.length - 1;

updateDisplay () ;
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/* An inner class that handles the formatting of

* the numbers for displaying them. */

private class DigitalDisplayFormat ({

/* The formatter for decimal numbers */

private DecimalFormat formatter;

/* The formatted string representation
* of the displayed number */

private StringBuffer wvalue;

/* An instance of the DigitalDisplayFormat inner class

private boolean negative;

/* Indicates the index for the digit that precedes
* the decimal point */

private int decimalIndex;

/* Indicates there is no decimal point */

private final static int NO_DECIMAL = -2;

/* Largest possible value that can be displayed */

private double largestValue;

private DigitalDisplayFormat () {

formatter = new DecimalFormat () ;

*/

formatter.setMaximumFractionDigits (lcdDigits.length) ;

formatter.setMinimumFractionDigits(0) ;

formatter.setMinimumIntegerDigits (1) ;

formatter.setDecimalSeparatorAlwaysShown (false) ;

formatter.setGroupingUsed (false) ;

StringBuffer large = new StringBuffer();
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for (int 4 = 0; d < lecdDigits.length; d++) {
large.append(‘'9’);

}

largestValue = Double.parseDouble(large.toString());

private DigitalDisplayOverflowException parseAndSetValue (
double number) {
setNegative (number < 0);
number = Math.abs (number) ;
if (number > largestValue) {
setNegative (false) ;
decimalIndex = NO_DECIMAL;
value = new StringBuffer (getErrorString());
return new DigitalDisplayOverflowException (
“Double value “ + number
+ “ cannot be displayed with “
+ getNumDigits() + ™ digits”);
}

value = new StringBuffer (formatter.format (number)) ;

//strip decimal point (but remember where it is)
decimalIndex = value.toString().indexOf('.’) - 1;
if (decimalIndex != NO_DECIMAL) {

value.deleteCharAt (decimalIndex + 1);

//ensure length is equal to number of lcd digits
if (value.length() > lcdDigits.length) {

while (value.length() > lcdDigits.length + 1) {
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value.deleteCharAt (value.length() - 1);
}
//round off the extra stuff
double roundMe =
Double.parseDouble (value.toString()) / 10.0;
String rounded = formatter.format (
Math.rint (roundMe)) ;
value = new StringBuffer (rounded);
}
while (value.length() < lcdDigits.length) {
value.insert (0, “ “);
if (decimalIndex != NO_DECIMAL) {

decimalIndex++;

}

return null;

private void tryAppend(int number) {

if (value.toString() != getErrorString()
&& getDoubleValue() == 0.0
&& decimalIndex == NO_DECIMAL) {

value.setCharAt (
value.toString() .indexOf('0’), ‘ ‘);
}
if (value.toString().trim().length()
< getNumDigits()) {
value.deleteCharAt (0) ;

value.append (number) ;
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if (decimalIndex != NO_DECIMAL) {

decimalIndex--;

private void setNegative(boolean isNegative) {
negative = isNegative;
if (lcdNegative != null) {

lcdNegative.setNegative (isNegative) ;

private String getErrorString() {
String errorString = “”;
for (int d = 0; d < lcdDigits.length - 1; d++) {
errorString += “ “;
}

errorString += “E”;

return errorString;

private double getDoubleValue() {
StringBuffer parsevalue
= new StringBuffer (value.toString());
if (parsevValue.toString().equals(getErrorString()))
return 0.0;
if (decimalIndex != NO_DECIMAL) {

parseValue.insert (decimalIndex + 1, ‘.’);
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Testing It

double dvalue = Double.parseDouble (
parseValue.toString() .trim());
if (negative) dvalue *= -1;

return dValue;

private int getIntAt (int index) {
String charStrvVal = “” + value.charAt (index) ;
if (charStrval.equals(“ “)) {
return LiquidCrystalDigit.EMPTY;
}
else if (charStrVal.equals(“E”)) {
return LiquidCrystalDigit.E;
}

return Integer.parselInt (charStrval);

As you can see, this program is rather long and a bit complicated as it uses a
lot of the stuff that you've just learned. Tables 5.4 and 5.5 describe all of the
methods, so you can refer to them while you look over the source code. You
can also refer to the comments in the source code to see what the instance
variables are used for. Finally, there is some code in there that creates a border
that makes the DigitalDisplay component appear a bit depressed. It’s just
a graphical effect provided for fun.

That’s a lot of code! Now you need to make sure that it works properly. The
DigitalDisplayTest program tests the DigitalDisplay class. It creates
a DigitalDisplay with eight digits, initializes it to display the value
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TaBLE 5.4 DiGcitaLDispLAY METHODS

DigitalDisplay Method Description

public void appendDecimal () Appends a decimal to the displayed number
by turning the decimal point on for the right-
most LiquidCrystalDigit component.

public void appendDigit Appends a digit to the end of the currently
(int appendInt) displayed number.
public double getDoubleValue () Returns the double value of the currently dis-

played number.

public int getNumDigits() Returns the number of LiquidCrystalDigit
components and, thus, the maximum number
of displayable digits.

public String getValue() Returns the string value of the currently dis-
played number.The decimal point is omitted.

public void setDoubleValue Displays the given dvalue. If there are

(double dvalue) too many digits to fit into the display, this
method throws a DigitalDisplayOverflow
Exception.

public void updateDisplay () Updates the display by setting each

LiquidCrystalDigit to its appropriate
value and repainting the graphics.

-123.899, passes true to indicate that the negative sign should be available,
and passes some colors for the color scheme. Then it prints some data to
make sure that the methods are returning the correct values.



2245] Learn Java In a Weekend

TaBLE 5.5 DicitALDIsPLAYFORMAT METHODS

DigitalDisplayFormat Method

Description

private double getDoubleValue ()

Does the work for the DigitalDisplay
method of the same name.

private String getErrorString/()

Returns the displayable error string,
right-justified in a field of spaces with
a length equal to the number of
LiquidCrystalDigit components.

private int getIntAt(int index)

Returns the int value for the digit
specified by index.

private DigitalDisplayOverflowException

parseAndSetValue (double number)

Parses the given double value to a
format that the pigitalDisplay

can display. This method returns a
DigitalDisplayOverflowException
to its caller, setDoubleValue (), to
be thrown by that method.

private void setNegative
(boolean isNegative)

Sets a flag that turns the
LiquidCrystalNegative component
on and off as determined by the value
of isNegative.

private void tryToAppend (int number)

Simulates the pressing of a numerical
calculator button by appending a digit to
the end of the display, shifting the preex-
isting digits to the left. If there is no
room for the digit, nothing will happen.

Here is the code for the DigitaDisplayTest program:

/*

* DigitalDisplayTest

* Tests the DigitalDisplay component

*/
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import javax.swing.*;
import java.awt.*;

import java.awt.event.*;
public class DigitalDisplayTest extends JFrame {

public DigitalDisplayTest () {

super (“*Digital Display Test”);
getContentPane () .setLayout (

new FlowLayout (FlowLayout.CENTER)) ;
DigitalDisplay display = new DigitalDisplay(

8, -123.899, true, new Color (88, 207, 233),

new Color (30, 189, 223), Color.black);
System.out.println(“value: “ + display.getValue());
System.out.println(“Length: “

+ display.getValue() .length());
System.out.println(“Double: “

+ display.getDoublevalue()) ;

getContentPane () .add(display) ;
setDefaultCloseOperation (EXIT_ON_CLOSE) ;

pack();

setVisible(true);

public static void main(String argsl[]) {

new DigitalDisplayTest();

Figure 5.16 shows what DigitalDisplayTest should look like when it is run.



328

Learn Java In a Weekend

C:3\My Documents‘wkndjavachD5>java DigitalDisplayTest
value: 3899

Length: &

Double: -123.89%

Egi Digital Dizplay Test [_ (O]

Figure 5.16 IE 3899
This shows you that : .
the Digital g \\
Display ) /

AN
component actually

looks like a liquid
crystal display!

Combining It with CalculatorKeypad

At this point, you have the calculatorKeypad component and the freshly
created DigitalDisplay component for the calculator application. Let’s see
what they look like together. The calculatorview class puts them together
in a JFrame, nearly finalizing the graphical interface for the calculator. (You'll
work on getting the buttons to work this afternoon.) The calculatorview
class will be responsible for the view of the calculator application. The calcula-
tor application will undergo a few changes, as you learn some new things later
today, but the basic look and feel of the calculator is done, with the exception
of the menu options you'll be adding tonight. Here is a listing of the source
code; it is straightforward enough that it needs no further explanation.

/*
* CalculatorView

* Encapsulates the Calculator GUI
*/

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;
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public class CalculatorView extends JFrame ({

private DigitalDisplay display;

private CalculatorKeypad keypad;

public CalculatorView() {

super (“Java Calculator”);

Container content = getContentPane();

display = new DigitalDisplay(9, 0.0, true,
new Color (88, 207, 233), new Color(30, 189,

Color.black) ;

content.add(display, BorderLayout.NORTH) ;

keypad = new CalculatorKeypad() ;

content.add (keypad, BorderLayout.CENTER) ;

setDefaultCloseOperation (EXIT_ON_CLOSE) ;

pack();

223),

The calculatorview class doesnt have a main() method, so you can’t
run it. Because of this, another program needs to create and display it. The
Calculator program, listed next, does this for you. There isn’t much code
because the program just creates a new CalculatorView and makes it visible.
The calculator class is the main class for the calculator project and will start
the application when it is run. You'll be adding more to this class later today.

/*

* Calculator

* The Calculator application

*/
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public class Calculator {

public static void main(String args[]) {
CalculatorView calcView = new CalculatorView() ;

calcView.setVisible(true);

Take a look at Figure 5.17 to see the nearly completed graphics for the cal-
culator project.

Wrapping Up
You did a lot this morning. First, you learned about AWT graphics program-
ming. Then you learned about creating lightweight components and using
the Swing API. You also learned about named inner classes and anonymous
inner classes, abstract classes, and exception handling. Finally, you put all of
this together to give the calculator a face and some life. This afternoon, you’ll
learn about interfaces, applets, threads, and animation. You'll also create a
custom-event model for the calculator project and give it some functionality.

Ega.lava Calculator [_ O] x|
—I-I
I
MR MC M+ M-
MS :a} c AC
POW + * -
. i 8 9 +
Figure 5.17
—— 4 5 -] +
Although it’s not
yet functional, it’s ! £ ? &
starting to look like 0
a calculator!
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his afternoon, you will learn how to create and implement interfaces.
T You'll create an interface for custom calculator event handling, and

then you’'ll implement it, so the calculator will actually do something
useful. Next, you'll update the calculator project source code to make use of
the custom event model. You'll also create an interface for the calculator’s
GUI, making it easier to abstract out the graphical component. Then, you’'ll
learn about applets and how to create and run them. You'll also write an
applet for the calculator project so that you can run the calculator as either
an applet or an application. You'll see how using an interface for the calcula-
tor’s view makes it easier to create the calculator applet. Next, you'll learn
about threads and how to write thread-safe code. You'll learn how to use
threads and double-buffering to perform animation, as well. Finally, you'll

learn how to play sounds from applets and applications.

Writing Interfaces

You have already seen interfaces in programs that use AWT event handling.
Now, you'll learn more about interfaces and create a couple of custom inter-
faces for the calculator program. You'll also learn why you'd ever want to use
interfaces. Creating interfaces in the calculator program will really help you
to understand the purpose of interfaces and the advantages that they provide.

What Is an Interface?

An interface is sort of like a contract between an implementing class and the
class that makes method calls to the implementing class. When you define
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an interface, you only define some method signatures; you do not define any
of the methods’ implementations. A class that implements the interface is
responsible for writing the code that goes inside all of the methods that the
interface defines. This way, it’s guaranteed that a class that implements a
certain interface has all of the methods that the interface has. Any other class
that calls the implementing class’s methods can be sure that it can call any of
these methods.

An interface is not a Java class. When you define an interface, you use the
interface keyword in place of the class keyword, like this:

public interface MyInterface {

All interfaces and the methods they define are implicitly abstract. If you
recall, an abstract class provides a partial implementation of a class. An
abstract class may provide functionality for some of its methods, but it can
also declare abstract methods without implementing them, thus passing that
responsibility to its subclasses. Interfaces are a bit different. Interfaces cannot
provide functionality for any of its methods, so all of its methods must be
abstract. This is why all interfaces and their methods are implicitly abstract.
You don't have to use the abstract keyword to specify this fact because the
interface and its methods cannot be anything but abstract. When you write
an interface, all of its methods consist only of their signatures, followed by a
semicolon, like this:

public interface MyInterface {
public void myMethodl (int x, int y);
public String myMethod2 () ;

public int myMethod3 (double 4d);

Just like abstract classes, interfaces cannot be directly instantiated. For
instance, you can’t do this:

public MyInterface myObject = new MyInterface();

What you can do, however, is assign an object that implements the interface
to a variable that is declared to be the interface type, like this:
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public MyInterface myObject = new
ClassThatImplementsMyInterface() ;
For the pnﬁdouscodetO‘WDrk,ClassThatImplementsMyInterface must
implement MyInterface. To specify that a class implements a certain inter-
face, you must use the implements keyword in the class declaration, like this:

public class ClassThatImplementsMyInterface implements
MyInterface {

You have seen this syntax before in AWT event handling. In this example,
ClassThatImplementsMyInterface must define the three methods found in
MyInterface,vﬂﬁch are myMethodl(),anethodZ(),and,myMethodB(L
The method signatures in the implementing class (ClassThatImplementsMy
Interface) must exactly match the corresponding signatures in MyInterface.
The GUIFrame class extends the windowListener interface in this way; you

had to define all of the windowListener methods, even though most of them
did nothing.

Defining an Interface

Now, it’s time for you to actually write an interface. The Huggable interface
¥ y
you'll be creating here is very simple. It only has one method, the hug ()
method. Here is the source code:
/ *
* Huggable
* A simple interface with only one method

*/
public interface Huggable ({

//This method is abstract and can not have a body

public void hug();
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As it is, the Huggable interface can’t do anything. An interface is useless by
itself. To be of any use, you need at least one class that implements the inter-
face and another class that calls its methods. In the next section, you'll create
a class that implements Huggable.

Implementing an Interface

Okay, so you have the Huggable interface defined and compiled. Now, you
need to implement it. The Puppy class implements the Huggable interface. As
you know, the one thing that Puppy is required to do when it declares that it
implements Huggable is to define the hug () method. Here is the source code.

/*
* Puppy

* Implements the Huggable interface

*/
public class Puppy implements Huggable {

public void hug() {

System.out.println(“*You hugged the Puppy!”);

In this example, Puppy only defines the one hug () method, but it’s impor-
tant to know that you can define as many other methods as you want.
Nothing restricts you from creating whatever other methods you need. Also,
there is no limit to the number of interfaces you can implement. You can
simply list them all in the class declaration, separated by commas, like this:

public class Puppy implements Huggable, Lovable, Trainable {

When doing this, the only requirement is that you must implement all of the
interfaces’ methods. For comparison, I've created another class that does not
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implement the Huggable interface. Here is the source code for the Porcupine
class.

/*
* Porcupine
* Does not implement the Huggable Interface

*/
public class Porcupine {

public void avoid() {

System.out.println(“You avoided the Porcupine”);

Notice that there is no hug() method defined in Porcupine. There
is nothing stopping Porcupine from defining that method, but because
Porcupine doesn’t implement the Huggable interface, the hug() method
is not required. HuggableTest is a program that demonstrates how to
handle classes that do or do not implement an interface. It also shows you
how to tell the difference between the two. The source code follows.

/*
* HuggableTest
* Demonstrates a simple interface

*/
public class HuggableTest ({
public static void main(String argsl[]) {

Puppy mario = new Puppy():;

Porcupine spike = new Porcupine();
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System.out.println(“Hugging Puppy...”);
tryToHug (mario) ;
System.out.println(“Hugging Porcupine...”);

tryToHug (spike) ;

public static void tryToHug (Object pet) {
if (pet instanceof Huggable) {
Huggable hugme = (Huggable) pet;
//guaranteed to have hug() method
hugme.hug () ;
}
else {

System.out.println(“Can’t hug this pet”);

The first thing that HuggableTest does is to instantiate two objects. One
of the objects is a Puppy object, the other is a Porcupine object. Then the
program passes the objects to the tryToHug () method. The tryToHug ()
method checks to see if the given object implements the Huggable interface
using the instanceof operator. Even though you cannot directly instanti-
ate a new Huggable object, when you instantiate an object that implements
the Huggable interface, you can refer to it as a Huggable object in Java
code. If it is a Huggable object, the tryToHug () method calls the hug()
method on the object. (All Huggable objects are guaranteed to define that
method.) If the object is not an instance of Huggable, tryToHug () doesn’t
even bother trying to call hug (). There is no guarantee that the method is
defined. Because the tryToHug () method accepts an object parameter,
any object can be passed in. But, as you know, not all objects have a hug ()
method. Figure 6.1 shows the output of the HuggableTest program.
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C:3\My Documents‘wkndjavaschDé>java HuggableTest
Hugging Puppy...
You hugged the Puppy!

Hugging Porcupine...
Can’t hug this pet

C:'\My Documents’wkndjavalchlé>_

Rules for Defining and Implementing Interfaces

The rules for defining an interface are as follows:

» An interface must be abstract.

» All interface methods must be abstract and, therefore, must not have

a body.

» All interface variables must be static constants.

You already learned about the first two rules, but the third is new. Basically, the
third rule means that you can define variables in an interface, but you should
declare them to be final and static. If you leave these modifiers out, the
compiler will add them for you, so all fields in an interface are static constants
anyway. You can access them using the syntax InterfaceName.variable
Name. Anything you define in an interface must be applicable to all objects that
implement the interface, and cannot be specific to one single instance. Inter-
faces are really not all that complicated because the rules restrict you from
doing anything complicated when defining them.

Interface implementation has its own set of rules: You have to use the
implements keyword in the class signature; and you must define all of the
interface’s methods, unless the implementing class is abstract. The code listed
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here for the BadImplementationTest class shows you what happens when
you don't define an interface’s methods. It does not implement the hug ()
method.

/*
* BadImplementationTest
* Demonstrates that Java forces you to implement all

* interface methods. NOTE: This will not compile

*/
public class BadImplementationTest implements Huggable ({

public void kiss() {

System.out.println(“I was kissed”);

If you try to compile this as it is, it won't work. The compiler will tell you
that you must declare BadImplementationTest to be abstract because it
does not define the hug () method. If you don’t define this method, you
leave an abstract method hanging around. No concrete class can have an
abstract method, so the compiler is telling you that you have an abstract class
that you didn’t declare to be abstract. Figure 6.2 shows you the message that
the compiler gives you in this situation.

Advantages of Using Interfaces

Using interfaces gives you certain advantages including a guaranteed set of
methods that all of the implementing classes define. This is a benefit because
you can define a set of methods that your application requires and let someone
else create the implementing class however they want. In this way, interfaces
are used like a set of specifications. Because interfaces are used like a set of spec-
ification, it is very easy to create multiple implementations of a given set of
methods and move between them with very little code modification.
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M5-DOS Prompt

C:3\My Documents‘wkndjavaschDé>javac BadImplementationTest.java

BadImplementationTest.java:7: BadImplementationTest should be declared abstract;
it does not define hug() in BadImplementationTest

public glass BadImplementationTest implements Huggable {

1 error

C:3\My Documents'wkndjavachDé>

Another interface advantage is multiple inheritance. Multiple inheritance
refers to a class’s ability to inherit from more than one super-class. A
common misconception is that Java does not support multiple inheritance.
While it is true that a class can inherit from one and only one class (single
inheritance), it can implement as many interfaces as it needs to. For instance,
you can have one class that extends another class and also implements one
or more interfaces. Because a class inherits everything from its super-class
and also inherits method signatures and static constants from the interfaces
it implements, you can achieve multiple-inheritance functionality. You will
really see how this is an advantage when you read the section about threads
a bit later.

an Event Model for the Calculator

You've already learned about event handling, and now you know about inter-
faces, too. Now, it’s time to put your knowledge to work and create an event
model for the calculator project. First, you'll define the calculator
KeypadEvent class and the CalculatorKeypadListener interface. Then
you'll update the other calculator classes to make use of this event model.
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Creating the Event Class and Interface

The calculatorkeypadEvent class is used to encapsulate information
about events that are fired by the calculatorkeypad buttons. After all, the
DigitalDisplay needs to update when you enter numbers, and the math-
ematical operations have to start somehow. Here is the source code for

CalculatorKeypadEvent:

/*

* CalculatorKeypadEvent

*/

import java.util.EventObject;

import javax.swing.JButton;

public class CalculatorKeypadEvent

public
public
public
public
public
public
public
public
public
public

final
final
final
final
final
final
final
final
final

final

static
static
static
static
static
static
static
static
static

static

String
String
String
String
String
String
String
String
String

String

extends EventObject

MR = “MR”;
MC = “MC”;

MADD = “M+”;
MSUBTRACT = “M-";
MS = “MS”;

SQRT = “SQRT”;

c = “cn;

AC = “AC”;

POW = “POW”;
DIVIDE

String.valueOf ( (char)247);

public final static String MULTIPLY

String.valueOf ( (char)215) ;

public final static String SUBTRACT = “-”;

public final static String CK7 =

\\7/1,.
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public final static String CK8

public final static String CK9

public final static String SIGN

= String.valueOf((char)177);

public
public
public
public
public
public
public
public
public

public

final
final
final
final
final
final
final
final
final

final

static
static
static
static
static
static
static
static
static

static

private String key;

String
String
String
String
String
String
String
String
String

String

12

2

I

7

12

I

I

I

w_ .

’

12

= ngu.
= nwgu,
CK4 = “4";
CK5 = “5";
CK6 = “6";
ADD = “+7;
CKl = “1”;
CK2 = “2";
CK3 = “3";
EQUALS =
CKO = “0";
DECIMAL =

w o

public CalculatorKeypadEvent (Object source, String keyString) ({

super (source) ;

key = keyString;

public String getKey () {

return key;

public static boolean isNumerical (String keyValue) {

try {

Integer.parselnt (keyValue) ;

return true;
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} catch (NumberFormatException nfe) {

return false;

public static boolean isOperational (String keyValue) ({

if (keyValue.equals(ADD) || keyValue.equals (SUBTRACT)
|| keyValue.equals (MULTIPLY)
| | keyValue.equals (DIVIDE)
|| keyValue.equals(SQRT) || keyValue.equals (POW)
|| keyValue.equals(SIGN) ) {

return true;
}

return false;

public static boolean isMemOperational (String keyValue) {
if (keyValue.equals(MADD) || keyValue.equals (MC)
|| keyValue.equals(MR) || keyValue.equals (MS)
|| keyValue.equals (MSUBTRACT)) {
return true;
}

return false;

/* Indicates if the current operator is binary or unary.
* Returns true if the current operator is binary, false
* if it is unary. */

public static boolean isOpBinary(String op) {

return op.equals(ADD) || op.equals(SUBTRACT)
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|| op.equals (MULTIPLY)

|| op.equals(DIVIDE) || op.equals (POW) ;

The calculatorKeypadEvent class defines a bunch of static constants.
Each of these constants represents a button on the calculatorkeypad.
(The constants’ names are pretty straightforward.) The calculatorkey
padEvent class uses the constants as flags to indicate which operation should
be performed. The key instance variable stores a particular key flag value for
a particular calculatorKeypadEvent instance. The constructor accepts an
Object parameter, source, and a String value, keyString. source is used
to reference the object (typically a gButton object) that fired the calculator
KeypadEvent. The keystring argument accepts a String value that
should equal one of the calculatorkeypadEvent constants. There are also
some utility methods that indicate whether the key is numerical, operational,
or performs a memory operation. The isBinary () method returns true if
the key represents an binary operator (operates on two operands).

The calculatorKeypadListener interface is meant to be implemented by
any class that is interested in listening to calculatorkeypadEvents. That is,
if a class wants to be notified whenever a calculatorKeypadEvent is fired,
the class should implement CalculatorKeypadListener. CalculatorKey
padListener declares Only one method, the calculatorKeyPressed()
method. It should be called whenever a button on the calculatorkeypad is
used. A calculatorKeypadEvent Object gets passed into the calculator
KeyPressed () method so that a class that implements the calculator
KeypadListener interface can get the information it needs. Without getting
this information, it wouldn’t know what it should do about the event. This
model is very similar to the AWT Event model you should be very familiar
with by now. Here is the source code for calculatorKeypadListener.

/ *
* CalculatorKeypadListener.java

*/
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public interface CalculatorKeypadListener

extends java.util.EventListener {

public void calculatorKeyPressed (CalculatorKeypadEvent event) ;

Creating the CalculatorViewer Interface

Later on, youre going to write an applet that runs the calculator program.
Once you write the applet, you'll have two ways of running the calculator—
as either an applet or an application. To make it easier to switch between the
application view and the applet view, abstract out the view by putting a mid-
dleman between it and the rest of the application, via an interface. The
calculatorViewer interface defines all of the methods that the class that
acts as the view for the calculator program must implement. You need a
method to get and set the display value, a method to append digits as numer-
ical keys are pressed, and a method to append a decimal point. You also need
ankﬂhodtoaddﬂlCalculatorKeypadListenertothevkﬁV%Calculator
Keypad so that you can do something when the buttons are clicked.

A calculatorvViewer class Humthavea.CalculatorKeypad component,
but the calulatorviewer does not do any event handling. The way the cal-
culator application is written, the only way to gain access to the calculator
Keypadisthrough;1Calcu1atorviewer(ﬂa%,astheCalculator Viewer
maintains the only instance of the calculatorkeypad component. In order
for classes that do perform event-handling actions to be able to listen to the
Calculator Keypad% CalculatorKeypadEvents,the addCalculator
KeypadListener () method should register the interested object as a listener
totheCalculatorViewer%CalculatorKeypad(xnnponent'rheCodefbr
the calculatorviewer interface follows:

/*
* CalculatorViewer

* An interface for Calculator Viewers

*/
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import java.awt.event.?*;

public interface CalculatorViewer {
public void setDisplayValue (double wvalue);
public double getDisplayValue();
public void appendDisplayDigit(int appendInt) ;
public void appendDisplayDecimal () ;
public void addCalculatorKeypadListener (

CalculatorKeypadListener ckl);

Making Use of the Event Model

Now that you have the event-handling classes built, you need to update the
calculator classes so that you can give the calculator program the ability to
do what you need it to do. After the calculator classes are updated to use the
calculator event model, it will be able to accept user input. Calculator appli-
cation users will be able to use the calculator to enter numbers and tell the
calculator to perform mathematical functions on them.

Writing the CalculatorKeyMap Utility

The calculator will provide two different ways of accepting user input:
through the calculatorkeypad and through the computer’s keyboard. The
calculatorKeypadEvent class was created to encapsulate events that are
triggered from the calculatorKeypad, but the calculator will also handle
keyboard-initiated events to perform the same actions as the calculator
Keypad. For example, to enter the number 9, the user can either click on the
9 button on the calculatorkeypad or press 9 on the keyboard. Though
there are two different forms of input, the purpose served is the same. For
this reason, it would make your programming life much easier to define this
relationship. Why trigger two different types of events that do the very same
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thing? Doing so would mean you would have to handle two different types
of events in any calculator class that is interested in handling calculator events.
Instead, whenever a user triggers a KeyEvent by pressing numbers on the key-
board, that kKeyEvent will be mapped to its corresponding calculator
KeypadEvent, which will be fired. That way, you don't have to propagate the
KeyEvent to the rest of the calculator application’s classes. The calculator
Keypad class is responsible for handling XeypadEvents, mapping them to
CalculatorKeypadEvents, and notifying any CalculatorKeypad
EventListeners. This way, any of the calculator classes that are interested
in calculator events only have to handle calculatorKeypadEvents; they
don’t have to worry about the keyboard at all!

A new class, calculatorKeyMap, is responsible for defining the mapping of
KeyEvents K)CalculatorKeypadEventsfrheCalculatorKeyMap(ﬂa$%
only function is to perform this mapping, which can be done in a single
method. The method that performs this mapping is the map() method,
which accepts a KeyEvent and returns the calculatorKeypadEvent key
that corresponds to the KeyEvent. Here is a listing of the calculator
KeyMap class.

/*
* CalculatorKeyMap
* Maps KeyEvent keys to CalculatorKeypadEvent keys
*/

import java.awt.event.KeyEvent;

public class CalculatorKeyMap {

public final static String UNKNOWN = “?7”;

//cannot be instantiated

private CalculatorKeyMap () {}
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public static String map (KeyEvent ke) {
switch(ke.getKeyCode()) {

case KeyEvent.VK_0:
case KeyEvent.VK_NUMPADO:

return CalculatorKeypadEvent.CKO0;
case KeyEvent.VK_1:
case KeyEvent.VK_NUMPADI:

return CalculatorKeypadEvent.CK1l;
case KeyEvent.VK_2:
case KeyEvent.VK_NUMPAD?2:

return CalculatorKeypadEvent.CK2;
case KeyEvent.VK_3:
case KeyEvent.VK_NUMPAD3:

return CalculatorKeypadEvent.CK3;
case KeyEvent.VK_4:
case KeyEvent.VK_NUMPAD4:

return CalculatorKeypadEvent.CK4;
case KeyEvent.VK_5:
case KeyEvent.VK_NUMPADS5:

return CalculatorKeypadEvent.CK5;
case KeyEvent.VK_6:
case KeyEvent.VK_NUMPADG :

return CalculatorKeypadEvent.CK6;
case KeyEvent.VK_7:
case KeyEvent.VK_NUMPAD7:

return CalculatorKeypadEvent.CK7;
case KeyEvent.VEK_S8:
case KeyEvent.VK_NUMPADS:

return CalculatorKeypadEvent.CK8;

case KeyEvent.VK_9:
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case KeyEvent.VK_NUMPAD9:
return CalculatorKeypadEvent.CK9;
case KeyEvent.VK_DECIMAL:
case KeyEvent.VK_PERIOD:
return CalculatorKeypadEvent.DECIMAL;
case KeyEvent.VK_ADD:
return CalculatorKeypadEvent.ADD;
case KeyEvent.VK_SUBTRACT:
if (ke.getModifiers() == KeyEvent.ALT MASK)
return CalculatorKeypadEvent.SIGN;
}
else {
return CalculatorKeypadEvent.SUBTRACT;
}
case KeyEvent.VK_MULTIPLY:
return CalculatorKeypadEvent.MULTIPLY;
case KeyEvent.VK_DIVIDE:
return CalculatorKeypadEvent.DIVIDE;
case KeyEvent.VK_ENTER:
case KeyEvent.VK_EQUALS:
return CalculatorKeypadEvent.EQUALS;
case KeyEvent.VK_DELETE:
if (ke.getModifiers() == KeyEvent.ALT MASK)
return CalculatorKeypadEvent.AC;
}
else {
return CalculatorKeypadEvent.C;
}
case KeyEvent.VK_F2:

return CalculatorKeypadEvent.POW;
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case KeyEvent.VK_F3:

return CalculatorKeypadEvent.SQRT;
case KeyEvent.VK_F4:

return CalculatorKeypadEvent.MS;
case KeyEvent.VK_F5:

return CalculatorKeypadEvent.MR;
case KeyEvent.VK_F6:

return CalculatorKeypadEvent.MC;
case KeyEvent.VK_F7:

return CalculatorKeypadEvent.MADD;
case KeyEvent.VK_F8:

return CalculatorKeypadEvent .MSUBTRACT;
default:

return UNKNOWN;

Because the calculatorkeyMap class defines only one static method, there
is no reason to have a reference to an instance of CacluatorkKeyMap. You can
call static methods without requiring a reference to an instance of the class.
Because you will never need to construct a calculatorKeyMap object, I
made the constructor private, which disallows other classes from construct-
ingzICalculatorKeyMap(ﬂject

The map () method gets the key code for the keyboard key that triggered the
KeyEvent and puts the key code in a switch statement. The key code, which
is equal to one of the KeyEvent key constants, tells you which keyboard key
was pressed. The calculatorKeyMap class is only interested in keyboard keys
that correspond to CalculatorKeypad keys and should cause the calculator
application to perform some action. The switch statement checks the key
code, and if it maps to a CalculatorKeypad key, the map () method returns
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the calculatorKeypadEvent key constant. For example, the first case in the
switch statement checks the key code for the 0 keys. If the key code is
KeyEvent.VK_0 (the 0 key) or KeyEvent .vK_NUMPADO (the O key on the
number pad), the map () method returns calculatorkKeypadEvent .CKO,
which is the flag for the 0 key on the calculatorkeypad. If the KeyEvent
doesn’t map to any CalculatorKeypadEvent keys, Calculator
KeyMap . UNKNOWN is returned. CalculatorKeyMap.UNKNOWN is a constant
that indicates that the KeyEvent doesn’t map to a CalculatorKeypadEvent
key, and is, thus, unknown to the calculator application.

The calculatorkeyMap class goes to work when the user presses a keyboard
key, triggering a KeyEvent. The calculatorKeypad passes the KeyEvent
object to the map() method, which returns the mapped calculator
KeypadEvent kQL’The CalculatorKeypad class uses the calculator
KeypadEvent key to construct a CalculatorKeypadEvent and fires the
event to any registered listeners, causing the calculator application to react in
the desired way.

Updating CalculatorKeypad

The calculatorKeypad class needs to be updated so that it can fire
CalculatorKeypadEvents when the user interacts with either the
CalculatorKeypad or the keyboard. When a calculatorKeypad button
is clicked, an AWT ActionEvent is fired. The calculatorkeypad class
needs to listen to these ActionEvents and fire corresponding calculator
KeypadEvents. The CalculatorKeypad class also needs to listen for kKey
EventsSothathcaHIHQ)KeyEventstoCalculatorKeypadEvents.}{mf
is the updated source code for calculatorkeypad (note that two
lines of code use a continuation tab, w; this is not part
of the code):

/*
* CalculatorKeypad
* A Panel subclass that contains a set of buttons for a

* calculator

*/
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java.awt.*;
java.awt.event. *;
javax.swing.*;

java.util.*;

class CalculatorKeypad extends JPanel {

private JButton[] buttons;

private Vector listeners;

public CalculatorKeypad() {

super () ;

GridBagLayout gbl = new GridBagLayout();
GridBagConstraints gbc = new GridBagConstraints();
gbc.fill = GridBagConstraints.BOTH;

gbc.weightx = gbc.weighty = 1.0;

gbc.ipadx = gbc.ipady = 5;

// bLabels is an array of button labels in order

String[] bLabels = { CalculatorKeypadEvent.MR,
CalculatorKeypadEvent .MC,
CalculatorKeypadEvent .MADD,
CalculatorKeypadEvent .MSUBTRACT,
CalculatorKeypadEvent .MS,
CalculatorKeypadEvent.SQRT,
CalculatorKeypadEvent.C,
CalculatorKeypadEvent .AC,
CalculatorKeypadEvent .POW,
CalculatorKeypadEvent .DIVIDE,

CalculatorKeypadEvent .MULTIPLY,
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CalculatorKeypadEvent . SUBTRACT,
CalculatorKeypadEvent .CK7,
CalculatorKeypadEvent .CKS8,
CalculatorKeypadEvent .CK9,
CalculatorKeypadEvent.SIGN,
CalculatorKeypadEvent .CK4,
CalculatorKeypadEvent .CK5,
CalculatorKeypadEvent .CK6,
CalculatorKeypadEvent .ADD,
CalculatorKeypadEvent .CK1,
CalculatorKeypadEvent .CK2,
CalculatorKeypadEvent .CK3,
CalculatorKeypadEvent .EQUALS,
CalculatorKeypadEvent .CKO,

CalculatorKeypadEvent .DECIMAL };

//there are four columns of buttons

int cols = 4;

//build the Button array and add to Panel
buttons = new JButton[bLabels.length];

setLayout (gbl) ;

ActionEventHandler actionListener
= new ActionEventHandler();

KeyEventListener keyListener = new w»
KeyEventListener () ;

for (int b = 0; b < buttons.length; b++)

buttons[b] = new JButton(bLabels[bl]);

{
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//set different constraints
if (bLabels[b].equals(“=")) {
// “=" spans two rows
gbc.gridheight = 2;
gbc.gridwidth = GridBagConstraints.REMAINDER;
}
else if (bLabels[b].equals(*0”)) {

// “0” spans two cols

gbc.gridy 6;
gbc.gridx = 0;
gbc.gridwidth = 2;
gbc.gridheight = 1;

}

else if (bLabels[b].equals(*3”)) {
gbc.gridheight = 1;

gbc.gridwidth = GridBagConstraints.RELATIVE;

}
else if ((b + 1) % cols == 0) {
gbc.gridheight = 1;
//end a row
gbc.gridwidth = GridBagConstraints.REMAINDER;
}
else {
// for the “.” button to be next to the “0”
gbc.gridx = GridBagConstraints.RELATIVE;
gbc.gridheight = 1;
gbc.gridwidth = 1;
}

//set the constraints and add it to the panel
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buttons[b] .setFont (

new Font (“Helvetica”, Font.BOLD, 14));
gbl.setConstraints (buttons[b]l, gbc);
buttons[b] .addActionListener (actionListener) ;
buttons[b] .addKeyListener (keyListener) ;
add (buttons[b]) ;

listeners = new Vector();

private class ActionEventHandler implements ActionListener {
public void actionPerformed(ActionEvent event) ({

CalculatorKeypadEvent cke

= new CalculatorKeypadEvent (event.getSource(),
( (JButton) event.getSource()) .getText ()) ;

Iterator i = listeners.iterator();

CalculatorKeypadListener ckl;

while (i.hasNext()) {

ckl = (CalculatorKeypadListener)i.next();

ckl.calculatorKeyPressed(cke) ;

private class KeyEventListener extends KeyAdapter {
public void keyPressed(KeyEvent event) {
String key = CalculatorKeyMap.map (event) ;
if (key != CalculatorKeyMap.UNKNOWN) {

CalculatorKeypadEvent cke
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= new CalculatorKeypadEvent (
event.getSource(), key);
Iterator 1 = listeners.iterator();
CalculatorKeypadListener ckl;
while (i.hasNext()) {
ckl = (CalculatorKeypadListener)i.next();

ckl.calculatorKeyPressed(cke) ;

public void addCalculatorKeypadListener (
CalculatorKeypadListener ckl) {
if (ckl == null) return;

listeners.add(ckl);

public CalculatorKeypadListener|[]'w
getCalculatorKeypadListeners () {

return (CalculatorKeypadListener[]) listeners.toArray();

The first change is the way the button labels are constructed. Previously, the
button labels were hard coded in the calculatorKeypad class. That is, the
button labels were created with actual String values; they did not have to
look elsewhere for the label values. Now, the calculatorkKeypadEvent con-
stants are used instead. This change makes the button labels consistent with
the calculatorKeypadEvent constants, which makes it easier to handle the
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ActionEvents. As you know, you can retrieve the source of an ActionEvent
by calling the getsource () method. In the calculator application, the source
of all ActionEvents will be one of the CalculatorKeypad’s JButton
objects. When getsource () is called, you can get a reference to the JButton
object that triggered the event. Then you call the getrLabel() method,
which must equal one of the calculatorkeypadEvent constants, which
you use to construct and fire a CalculatorKeypadEvent. The new Action
EventHandler inner class is added as an ActionListener for all of the
calculator buttons and does all of this ActionEvent handling processing.

The calculatorKeypad class has a 1isteners Vector instance variable that
keeps track of all of the registered listeners. Whenever the addcalculator
KeypadListener () method is called, the given calculatorkeypad
Listener object is added to the listeners Vector. The listeners
Vector is the collection of listeners that are notified of all calculatorkeypad
Events. CalculatorKeypadListeners are registered by calling the
addCalculatorKeypadListener () method. Anytime listeners need to be
notified of events, the 1isteners Vector is iterated over, and its calculator
KeyPressed () methods are called.

The KeyEventListener inner class handles all xeyEvents. The
KeyEventListener is registered as a KeyListener of all of the calculator
buttons. No matter which button has focus, keyEvents will be captured and
processed. KeyEventListener maps the KeyEvent key to a Calculator
KeypadEvent by calling the calculatorkeyMap.map () method, and uses
the returned CalculatorKeypadEvent constant to construct a Calculator
KeypadEvent. Then KeyEventListener notifies the CalculatorKey
padListeners by Calling all of the 1isteners’ calculatorKeyPressed()
methods. With all of these changes, the calculatorkeypad is fitted with
the calculator event model.

Updating the CalculatorView Class

The calculatorview class has to be updated to implement the calculator
Viewer interface that you created earlier. Doing this will also take care of the
event handling, as the interface defines the addcalculatorkeypad
Listener () method. The CalculatorKeypad class generates all calculator
KeypadEvents. Because the calculatorView class displays the calculator
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Keypad component, but does not handle its events directly, the calculator
View class needs a way to pass the calculatorkeypadEvents to another
class that does handle them. To address this need, the addcalculatorkeypad
Listener () method adds the gh@n CalculatorKeypadListener to the
CalculatorKeypad by Calling the CalculatorKeypad’s addCalculator
KeypadListener () method.

The calculatorview class maintains the only instance of the Digital
Display component; other classes must access the DigitalDisplay com-
ponent duough,the calculatorView class. The calculatorview class
allows this access by implementing the calculatorviewer interface
methods setDisplayValue(), getDisplayValue(), appendDisplay
Digit(),mmiappendDisplayDecimal().CalculatorView(kﬂegaKSthk
work to the Digital Display component. Here is the updated source code
for calculatorview:
/ *

* CalculatorView

* Encapsulates the Calculator GUI

*/

import java.awt.*;
import java.awt.event.*;

import javax.swing.*;

public class CalculatorView extends JFrame
implements CalculatorViewer {
private DigitalDisplay display;

private CalculatorKeypad keypad;

public CalculatorView() ({
super (“Java Calculator”);

Container content = getContentPane();
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display = new DigitalDisplay(9, 0.0, true,
new Color (88, 207, 233), new Color (30, 189, 223),
Color.black) ;

content.add(display, BorderLayout.NORTH) ;

keypad = new CalculatorKeypad();

content.add (keypad, BorderLayout.CENTER) ;

setDefaultCloseOperation (EXIT _ON_CLOSE) ;

pack();

public void setDisplayValue (double value) {
try {
display.setDoubleValue (value) ;
} catch (DigitalDisplayOverflowException e) {
System.out.println(“DigitalDisplayOverflow: “
+ e.getMessage());
} finally {

display.updateDisplay () ;

public double getDisplayValue() {

return display.getDoublevValue() ;

public void appendDisplayDigit(int appendInt) {
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display.appendDigit (appendInt) ;

public void appendDisplayDecimal () {

display.appendDecimal () ;

public void addCalculatorKeypadListener (
CalculatorKeypadListener ckl) {

keypad.addCalculatorKeypadListener (ckl) ;

Updating CalculatorModel

Because the calculator application now has the ability to accept user input,
you can reintroduce the calculatorModel class, with some updates, to
keep track of that input. To refresh your memory, the calculatorModel
class’s function is to keep track of the calculator’s operands and operator keys
as they are entered. It acts as the calculator’s memory. The only update it
needs allows it to make use of the calculatorKeypadEvent constants. The
one method that is changed is the setcurrentop() method. It uses the
CalculatorKeypadEvent constants to make sure that the operator being
set is a valid one. If the given string, op, is equal to one of the operator keys
defined in calculatorKeypadEvent, the operator is valid. If not, the oper-
ation is not valid, and it is set to NONE. Because you are now using
CalculatorKeyEvent constants and the isOpBinary() method, the
CalulatorModel class no longer needs to define its own constants, and the
isOpBinary () method that was taken over by calculatorkeypadEvent
has been removed from calculatorModel. Here is the updated source code
listing, in full, for your convenience.
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/*

* CalculatorModel

* Encapsulates the data model used by the Calculator
* Application

*/

public class CalculatorModel {

private double operandl;

private double operand2;

/* Stores the value associated with a calculator’s memory */
private double mem;

/* The current operand that appears in the display */
private double currentDisplayValue;

/* Represents operation to be performed on the operands */
private String currentOp;

public final static String NONE = “?7”;

/*
* Constructs a new CalculatorModel object.
* maxDigits - The maximum number of displayable digits
*/

public CalculatorModel () {

currentOp = CalculatorModel.NONE;

public void setOperandl (double wvalue) {
operandl = value;

currentDisplayValue = operandl;
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public double getOperandl () {

return operandl;

public void setOperand2 (double value) {
operand2 = value;

currentDisplayValue = operand2;

public double getOperand2 () {

return operand2;

public void setMem(double value) {

mem = value;

public double getMem() {

return mem;

public void setCurrentDisplayValue (double wvalue) {

currentDisplayValue = value;

public double getCurrentDisplayValue() {

return currentDisplayValue;
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public void setCurrentOp(String op) {

if (op.equals(CalculatorKeypadEvent.ADD)
| | op.egquals(CalculatorKeypadEvent.SUBTRACT)
|| op.equals(CalculatorKeypadEvent.MULTIPLY)
|| op.equals(CalculatorKeypadEvent.DIVIDE)
|| op.equals(CalculatorKeypadEvent.POW)) {

currentOp = op;
}
else {

currentOp = CalculatorModel.NONE;

/* Gets the current operator */
public String getCurrentOp() {

return currentOp;

public String toString() {

String s = “operandl = “ + operandl
+ “ operand2 = “ + operand2
+ “ currentOp = “ + currentOp
+ “ currentDisplayValue = “

+ currentDisplayValue
+ “ mem = “ + mem;

return s;
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Updating CalculatorHelper

Pnadouﬂy,the CalculatorHelper class referenced calculatorModel’s
operator constants and called the calculatorModel’s isOpBinary ()
method. Since this stuff has been moved over to calculatorKeypadEvent,
you need to change all of these references to reflect that fact. Any instance in
which the calculatorModel constants appeared, excepting the calculator
Model.NONE constant (which is still used), needs to be changed to use
CalculatorKeypadEvenfSConﬂanm.Ako,anywheﬁ:dmltheCalculator
Model’s isOpBinary () method was previously called needs to be updated
to call this method from calculatorModel. These are the only updates that
CalculatorHelper require. Here is the updated source code:

/*
* CalculatorHelper
* A class that performs mathematical functions for a

* Calculator program

*/

public class CalculatorHelper ({
private CalculatorModel calcModel;
private StringBuffer auditTrail;
private boolean opPerformed;

private int decimalPos;

public CalculatorHelper () {

this(20);

public CalculatorHelper (int decimalAlignmentPos) {
calcModel = new CalculatorModel () ;
auditTrail = new StringBuffer();

decimalPos = decimalAlignmentPos;
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private CalculatorModel performUnaryOperation(String op) ({
double wvalue;
if (op.equals(CalculatorKeypadEvent.SIGN)) {
value = sign();
}

else if (op.equals(CalculatorKeypadEvent.SQRT)) {

value = sqrt();
}
else {
return calcModel;
}
auditTrail.append(align(“[“ + op
+ “ “ + calcModel.getCurrentDisplayValue() + “1")
+ “\n”);

calcModel.setCurrentDisplayValue (value) ;
setOperand (value) ;

return calcModel;

public CalculatorModel performOperation() {
double value;
if (CalculatorKeypadEvent.isOpBinary (
calcModel .getCurrentOp())) {
auditTrail.append(align(calcModel.getCurrentOp() + “

+ calcModel.getOperand2()) + “\n”);
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else if (!calcModel.getCurrentOp () .equals (
CalculatorModel.NONE)) {

auditTrail.append(calcModel.getCurrentOp() + “\n”);

String op = calcModel.getCurrentOp() ;

if (op.equals(CalculatorKeypadEvent.ADD)) ({

value = add();

else if (op.equals(CalculatorKeypadEvent.SUBTRACT)) {
value = subtract();

}

else if (op.equals(CalculatorKeypadEvent .MULTIPLY)) {

value = multiply();

else if (op.equals(CalculatorKeypadEvent.DIVIDE)) {
value = divide();

}

else if (op.equals(CalculatorKeypadEvent.POW)) {

value = pow() ;

else if (op.equals(CalculatorKeypadEvent.SQRT)) {
value = sqrt();

}

else if (op.equals(CalculatorKeypadEvent.SIGN)) {

value = sign();

else {

value = calcModel.getCurrentDisplayValue() ;
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calcModel.setOperandl (value) ;

calcModel.setOperand2(0.0) ;

calcModel.setCurrentDisplayValue (value) ;

//makes the currently displayed value ready for another op
calcModel.setOperandl (value) ;

opPerformed = true;

auditTrail.append (

+ align(String.valueOf (value)) + “\n”);

return calcModel;

public CalculatorModel getCalculatorModel () {

return calcModel;

public CalculatorModel setOperand(double wvalue) {
if (CalculatorKeypadEvent.isOpBinary (
calcModel.getCurrentOp())
&& !opPerformed) {

calcModel.setOperand2 (value) ;

else {
auditTrail.append(“*\n” + align(String.valueOf (value))
+ "\n”);
calcModel.setOperandl (value) ;
calcModel.setOperand2(0.0) ;

calcModel.setCurrentOp (CalculatorModel .NONE) ;
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}
calcModel.setCurrentDisplayValue (value) ;

return calcModel;

public CalculatorModel setOp(String op) {
//automatically perform unary operations
if (!CalculatorKeypadEvent.isOpBinary(op)) {
return performUnaryOperation (op) ;
}
if (opPerformed == false
&& !calcModel.getCurrentOp () .equals/(
CalculatorModel .NONE)) {
performOperation() ;
}
opPerformed = false;
calcModel.setCurrentOp (op) ;

return calcModel;

public CalculatorModel memAdd() {
calcModel.setMem(calcModel.getMem/()
+ calcModel.getCurrentDisplayValue());

return calcModel;

public CalculatorModel memSubtract () {
calcModel.setMem(calcModel.getMem/()
- calcModel.getCurrentDisplayValue());

return calcModel;
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public CalculatorModel memRecall() {
setOperand (calcModel.getMem() ) ;

return calcModel;

public CalculatorModel memSwap () {
double swapVal = calcModel.getMem() ;
calcModel.setMem(calcModel .getCurrentDisplayValue()) ;
setOperand (swapVal) ;

return calcModel;

public CalculatorModel memClear () {
calcModel.setMem(0.0) ;

return calcModel;

public CalculatorModel clear() ({
//clears second operand if binary operation in progress
setOperand(0.0) ;

return calcModel;

/* Clears everything except the memory wvalue */

public CalculatorModel clearAll() {
calcModel.setOperandl (0.0);
calcModel.setOperand2(0.0) ;

calcModel.setCurrentDisplayValue(0.0);
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calcModel.setCurrentOp (CalculatorModel .NONE) ;
opPerformed = false;

return calcModel;

public String getAuditTrail() {

return auditTrail.toString() ;

private String align(String decimalString) {

String aligned = decimalString;

int currDecPos = aligned.lastIndexOf(‘'.’);
for (int pos = currDecPos; pos < decimalPos; pos++) {
aligned = “ “ + aligned;

}

return aligned;

private double add() {

return calcModel.getOperandl () + calcModel.getOperand2 () ;

}
private double subtract() {

return calcModel.getOperandl() - calcModel.getOperand2 () ;
}

private double multiply() {

return calcModel.getOperandl() * calcModel.getOperand2() ;
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private double divide() {

return calcModel.getOperandl() / calcModel.getOperand2 () ;

private double pow() {
return Math.pow(calcModel.getOperandl (),

calcModel .getOperand2 () ) ;

private double sqgrt() {

return Math.sqgrt (calcModel.getCurrentDisplayValue());

private double sign() {

return calcModel.getCurrentDisplayValue() * -1;

Updating and Testing Calculator

Finally, the calculator class has to be updated to handle calculator events.
The calculator class does all of the CalculatorKeypadEvent handhng.
Now that calculatorModel and CalculatorHelper have reappeared, the
calculator class needs to be updated as well. Previously, calculator’s
only function was to display the calculatorview. Now, the calculator
class is required to do much more, so there is a lot to add to the calculator
class. Here is the updated source code for calculator:

/*
* Calculator

* The Calculator application

*/
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.awt.*;

.awt.event. *;

applet.Applet;

public class Calculator implements CalculatorKeypadListener {

private
private
private

private

CalculatorViewer view;
CalculatorHelper helper;
boolean needNewNumber = false;

int mode;

public final static int APPLICATION = 1;

public final static int APPLET = 2;

public Calculator(CalculatorViewer ui)

throws CalculatorException {

view = ui;

helper = new CalculatorHelper();

view.addCalculatorKeypadListener (this) ;

if

}

(view instanceof Frame) {
((Frame)view) .setVisible(true) ;

mode = APPLICATION;

else if (view instanceof Applet) {

}

mode = APPLET;

else throw new CalculatorException (

“CalculatorViewer must be an “

+ “instance of either Frame or Applet”);

System.out.println(“The calculator is being started in “

+ (mode == APPLET ? ‘“applet” : “application”)
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+ “ mode”);

public static void main(String args[]) {
try {
new Calculator (new CalculatorView());
} catch (CalculatorException e) {

System.out.println(“CalculatorException:

+ e.getMessage());

public void calculatorKeyPressed(CalculatorKeypadEvent event) {
CalculatorModel model;

String key = event.getKey();

if (CalculatorKeypadEvent.isNumerical (key)) {
if (needNewNumber) {
view.setDisplayValue(0.0);
needNewNumber = false;

}
view.appendDisplayDigit (Integer.parselnt (key));

}
else if (key.equals(CalculatorKeypadEvent.DECIMAL)) ({
view.appendDisplayDecimal () ;

}

else if (CalculatorKeypadEvent.isOperational (key)) {
helper.setOperand(view.getDisplayValue()) ;
helper.setOp (key) ;

model = helper.getCalculatorModel () ;
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view.setDisplayValue (model.getCurrentDisplayValue()) ;
needNewNumber = !key.equals(
CalculatorKeypadEvent.SIGN) ;
}
else if (key.equals(CalculatorKeypadEvent.EQUALS)) {
if (!needNewNumber) ({
helper.setOperand (view.getDisplayValue());
}
model = helper.performOperation();
view.setDisplayValue (model.getCurrentDisplayValue());
needNewNumber = true;
}
else if (key.equals(CalculatorKeypadEvent.C)) {
model = helper.clear();
view.setDisplayValue (model.getCurrentDisplayValue()) ;
}
else if (key.equals(CalculatorKeypadEvent.AC)) {
model = helper.clearAll();
view.setDisplayValue (model.getCurrentDisplayValue()) ;
}
else if (key.equals(CalculatorKeypadEvent.MS)) {
helper.setOperand(view.getDisplayValue()) ;
model = helper.memSwap () ;
view.setDisplayValue (model.getCurrentDisplayValue());
}
else if (key.equals(CalculatorKeypadEvent.MR)) {
helper.setOperand(view.getDisplayValue());
model = helper.memRecall();

view.setDisplayValue (model.getCurrentDisplayValue());
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else if (key.equals(CalculatorKeypadEvent.MC)) {
helper.setOperand(view.getDisplayValue());
model = helper.memClear();
view.setDisplayValue (model.getCurrentDisplayValue());
}
else if (key.equals(CalculatorKeypadEvent .MADD)) {
helper.setOperand (view.getDisplayValue());
model = helper.memAdd() ;
view.setDisplayValue (model.getCurrentDisplayValue()) ;
}
else if (key.equals(CalculatorKeypadEvent.MSUBTRACT)) {
helper.setOperand(view.getDisplayValue()) ;
model = helper.memSubtract();

view.setDisplayValue (model.getCurrentDisplayValue()) ;

Note that some instance variables were added. The view variable keeps track
of the calculatorViewer component that displays the calculator. helper is
fbrtheCalculatorHelper(ﬂjectrrhebooleanvaﬂabk,needNewNumber,
is used as a flag indicating that when a user presses a numerical key, the act
should start a new number, rather than append a number to the currently
displayed value. The mode keeps track of whether the calculator is being run
as an applet or an application. The APPLICATION and APPLET constants are
used as flags that indicate the calculator mode.

The calculator() constructor accepts a CalculatorViewer obkct It
stores this object in the view instance variable. The constructor also creates a
new CalculatorHelper instance and assigns it to the helper instance vari-
able. The calculator class nowrinqﬂmncnm the calculatorKeypad
Listener interface, so it adds itself as a listener to the calculatorviewer by
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calling the addcalculatorkeypadListener () method. Next, the construc-
tor determines whether the calculator is running as an application or an applet.
If the given calculatorViewer object is an instance of a Frame, then the cal-
culator is running in application mode. If the object is an instance of an
Applet, the calculator is running in applet mode. The constructor assigns the
appropriate value to the mode instance variable and prints a message indicating
in which mode the calculator is running. If the given calculatorviewer is not
a Frame or an Applet object, the constructor throws a generic calculator
Exception because it cannot determine in the calculator’s mode.

When the calculator class is run directly, it should run as an application.
(The calculator must be started differently if it is to be run in applet mode,
which you'll see a bit later.) The main () method creates a new calculator
View object, which is a JFrame, and, thus, also an instance of Frame. The
main() method passes the calculatorview object to the calculator
constructor, which starts the calculator in application mode.

Because the calculator class implements the calculatorKeypad
Listener interface, it must implement the calculatorKeyPressed ()
method. The calculatorKeyPressed () method is responsible for handling all
CalculatorKeypadEvents. The calculatorKeyPressed() method works
as follows:

» If a numerical key is pressed, the corresponding number is appended
to the display unless a new number is needed. If a new number is
needed, the display is cleared before appending the number.

»  If the key is the decimal point, the decimal point is appended to the
display.

» If the key is an operational key (for example, +, -, and so on), then
the currently displayed number is entered as an operand and the
operator key is set. In this case, you need a new number as long as
the operator key pressed was not CalculatorKeypadEvent . SIGN.
The needNewNumber variable is set accordingly.

» If the key is the equal key (=), you need to perform the current
operation on the previously set operands by calling helper.perform
operation (). First, check the needNewNumber variable. If it is false,
the currently displayed number is still being constructed (because you
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only need a new number affer an operand is previously set). Because
the number is still being constructed, it is not yet set as an operand.

» The calculatorKeyPressed () method continues to check which
key is pressed, calls the corresponding helper methods, and updates
the display as appropriate for the clear and memory functions.

Figure 6.3 shows the most recent version of the calculator application. Of
course, you'll need to run it yourself to experience the event handling. At this
point, the calculator project is nearly complete and acts just like a calculator.

Writing Java Applets

Figure 6.3

The event model
gives life to the
calculator.

Java applets are Java programs that run within the context of another appli-
cation, usually a Web browser. Web browsers interpret the Java code and act
as the JVM for Java programs. Applets are very useful in providing GUIs for
user input. They’re also good for creating games that can be played online.
Believe it or not, you already know a good deal of what you need to know
to create applets. The java.applet.applet class, which you extend to
create applets, extends the Panel class. You already learned that the Panel
class is a container that you can add AWT components to. You can add AWT
components to an applet in the same way. The difference is that the applet
panel is displayed directly inside a Web page. There are other differences
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between applets and panels, and you'll need to learn these differences before
programming applets. You'll also need to know a bit of HTML (HyperText
Markup Language). All Web pages on the Internet are defined in HTML,
and because an applet runs inside a Web page, you'll need to know some of
the language. Don't worry, you need to learn only a small amount, and I'll
cover it in this section.

Applet Programming

When you write a Java applet, you need to extend the Applet class, which
is defined in the java.applet package. Table 6.1 lists the methods that
you'll find in the applet class.

TaBLE 6.1 APPLET METHODS

Method Description

destroy () Called by the browser to indicate that
the applet is being unloaded from
memory and that you should perform
any clean up.

String getAppletInfo () Returns a string object that repre-
sents information about the applet. It is
meant to be overridden by subclasses
to provide information such as author,
version, and so on.

AudioClip getAudioClip (URL) Returns the AudioClip object at the
specified URL.

AudioClip getAudioClip(URL, String) Returns the AudioClip object at the
specified base URL, having the name
specified by the second parameter.

URL getCodeBase () Returns the URL object that represents
the applet’s base URL.

continued
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TaBLE 6.1 APPLET METHODS

Method Description

URL getDocumentBase () Returns the absolute (complete, not relative) URL
object that represents the directory that contains
the applet.

Image getImage (URL) Returns the Image at the given URL.

Image getImage (URL, String) Returns the Image at the given URL, with the

specified name.

String getParameter (String) Returns the string value of the parameter having
the given name or null, if the parameter isn’t set.

String[][] getParameterInfo () Returns a string[] [ that represents the param-
eter information of the applet. This method is
intended to be overridden by subclasses of Applet.

void showStatus (String) Displays the given string in the browser’s status
area (for example, in Internet Explorer, it is at the
bottom of the browser’s window).

void init() Called by the browser to indicate that the applet
has been loaded.

void start() Called by the browser to indicate that the applet
should begin execution.

void stop() Called by the browser to indicate that the applet
should stop execution.

The URL class in the java.net package, which appears in some of the
methods you saw in Table 6.1, represents a Universal Resource Locator. A
URL specifies the location of files. Anytime you type a Web page address
into your browser (for example, http://www.premierpressbooks.com), you
are specifying the URL for that Web page. An applet uses the URL class to

locate files that it needs.
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One of the big differences between an applet and a panel is the way they are
constructed. Anything that you would typically put in a Panel’s constructor
method is placed instead in the init () method. This change is important
because the init () method is called when the applet is loaded, and you
can't start adding stuff to an applet until after it is loaded.

HTML and the Applet Tag

In this section, I'll go over the bare bones of HTML—just the stuff you need
to get your applets up and running. First, I'll talk about basic HTML tags
and then the <applet> tag.

HTML is used to develop Web documents. HTML zags are formatting
instructions that surround text, giving the text certain attributes that affect
the way your browser displays it. Tags are specified within angle brackets
(< and >), and typically there is a start tag, an end tag, and some text between.
Here is an example.

<tag>Here is some text that the tag affects</tag>

In this example, tag is the name of the tag. An open tag goes at the begin-
ning of the text you are formatting, and a closing tag goes after the text. An
example is <b>bold text</b>.The bold tags (<b> and </b>) surround text
to make it appear bold when displayed within your browser. An opening tag
can also specify certain astributes, or parameters that tweak the tag’s effect.
The attributes are listed and separated by spaces, and their values are usually
put within quotation marks (single or double quotation marks will do), but
sometimes the quotes are omitted.

<tag attributel='valuel’ attributel2='value2’>Formatted
text</tag>

An ending tag is also the name of the tag within angle brackets, but the name
is prefaced with a forward slash (/) to indicate that it is an ending tag. Some
tags do not require ending tags. Table 6.2 lists the tags that I use in this book
and what they do. HTML is much more robust than explained in this book,
but that’s why there are entire series of books dedicated to HTML and Web
development. Not every attribute of every tag is covered here, just the ones
you'll see in the HMTL files you are going to create.
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TABLE 6.2 HTML Tacs UseD IN THIS Book

HTML Tags Description

<HTML>< /HTML> Top-level tags that indicate this is an HTML file.

<HEAD>< /HEAD> Surrounds information about the HTML document, such as the title.
<TITLE></TITLE> Specifies the title that appears in the title bar of the browser window.
<BODY></BODY> Surrounds the main body of the HTML document.

<H1></H1> Specifies header text that is used as titles for document sections.
<CENTER></CENTER> Centers the content that it surrounds.

<APPLET></APPLET> Embeds an applet in the HTML document.

The <applet> tag is used to embed a Java applet within a browser window.
It is used to specify the class file of the applet as well as its width, height, and
other attributes. When a Java-enabled browser encounters a set of
<applet></applet> tags, it invokes the applet at the location the tags
appear. It does not display any text that it finds within the opening and
closing tags, but browsers that do not understand Java will, so you could
write a message for browsers that do not support Java, like this:

<APPLET code='MyApplet.class’ width=200 height=100>
Your browser does not support Java.

</applet>

If you then open the document with a browser that either does not support
Java or has Java disabled, instead of seeing the applet, you would see “Your
browser does not support Java.”

The <applet> tag has a set of attributes. Table 6.3 lists some of them.
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TABLE 6.3 <APPLET> ATTRIBUTES

Attributes Description

code Specifies the class file that defines the applet.

width Specifies the width within the browser window reserved for the applet.
height Specifies the height within the browser window reserved for the applet.
codebase Specifies the location URL of the applet required, if the applet resides in

a different directory.

mayscript Indicates that the applet may access JavaScript functionality within the
page.
name Specifies the name of the applet used to differentiate it from other

applets on the same document.

Passing Parameters to Applets

You already know that when you start a Java application you can pass param-
eters to it at the command prompt. There is actually a way to do this for Java
applets. Because the Web browser starts the applet, passing arguments at the
command prompt isn’t an option, so there needs to be another way of
passing arguments. That’s where the <PARAM> tag comes in. The <PARAM>
tag is used to pass parameters to an applet. <PARAM> tags must appear inside
the opening and closing <APPLET> tags. The syntax for the <PARAM> tag is

<PARAM name='paramName’ value='paramValue’>

There is no closing </PARAM> tag. Here, paramName is the name you give to
the parameter and paramvalue is the value you assign to it. Using the
<PARAM> tag is only half the work. You also need to retrieve these parameters
so the applet can see them. For this purpose, you use the getParameter ()
method. When you use this method, you pass in the parameter name and the
method returns its value. For example, to get the parameter specified in the
previous HTML example, use this code:
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String paramValue = getParameter (“paramName”) ;

The value of the paramvalue variable after this call would be paramvaiue, or
whatever you specify in the value attribute of the <PARAM> tag. The simple
Applet applet is a simple example of how to create an applet.
/ *

* SimpleApplet

* Demonstrates how to build a simple applet

*/

import java.applet.Applet;
import java.awt.*;

import java.awt.event.*;
public class SimpleApplet extends Applet {

public void init() {
setLayout (new FlowLayout (FlowLayout.CENTER, 3, 10));
add (new Label (“Text:”));
add (new TextField(getParameter (“initialtext”), 25));
Button b = new Button(“OK”);
b.addActionListener (new ActionListener() {
public void actionPerformed(ActionEvent e) {

System.out.println(“Button Clicked”);

)
add(b) ;
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The Corresponding HTML for simpleapplet, simpleapplet.html, looks
like this.
<HTML>
<HEAD>
<TITLE>Simple Applet</TITLE>

</HEAD>

<BODY>

<H1 align=CENTER>SimpleApplet</H1>

<CENTER>

<APPLET code='SimpleApplet.class’ width='300’ height='100'>
<PARAM name=’'initialtext’ value='Hello There’>
Your browser does not support Java applets!

</APPLET>

</HTML>

SimpleApplet adds a Label, a TextField, and a Button. The applet ini-
tializes the TextField’s text value by getting the value of the initialtext
parameter. The <PARAM> tag in simpleapplet.html sets the value of this
parameter to ‘Hello There’. So, when you start the applet, you should see
this value inside of the TextField, as seen in Figure 6.4. The Button has
an ActionListener that just prints out the message Button Clicked
when the Button gets clicked. A browser usually provides a Java console that
accepts System.out.println() messages.

appletviewer Tool

The ]ava SDK includes a tool called appletviewer. The appletviewer
tool is used to run applets from the command line for testing purposes. This
way, you can test applets outside of the constraints of a Web browser. It’s quite
simple to use the appletviewer tool. At the command prompt, simply type
appletviewer, followed by the name of the HTML file that contains the
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Figure 6.4

Applets can run
inside Web pages.
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<APPLET> tag for the applet to be run. For example, to run simpleapplet
from the command prompt, type the following command:

appletviewer simpleapplet.html

Figure 6.5 shows how the applet looks when it’s run using the applet

viewer utility.

the Calculator as an Applet

In this section, I'll show you how to run the calculator as a Java applet. There

really isn’t much to it. All you need to do is write the calculatorapplet
class to display the calculator and then write the HTML to include the

applet in a Web page.

Writing CalculatorApplet

The calculatorapplet class is the class that runs the calculator as an

applet. The difference between this applet and what you've already learned

about applets is that this is a Swing applet. It extends the Japplet class

- came ==
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C:3\My Documents'wkndjavatchDé>appletviewer simpleapplet.himl
Button Clicked
Button Clicked

Eg.hpplel VYiewer: SimpleApplet.class M=l
Applet

Text: lHeIIo There

Applet started.

instead of the applet class. The gapplet class is found in the javax.swing
package. The only difference between Applet and Japplet is that Japplet
provides support for adding Swing components to an applet. Because the
calculator is a Swing GUI, you should use the gapplet instead of the stan-
dard Applet.

The calculatorapplet implements the calculatorviewer interface. Here
you can really see the benefit of abstracting out the calculator’s view through
the CalculatorViewer interface. Calculatorapplet is only a bit different
from calculatorview, which is the other calcluatorviewer for the calcu-
lator. When the calculator is run in application mode, the calculator class
is the initiator. Because the calculatorapplet class is the applet, it must
act as the initiating class, as the browser starts calculatorapplet first.

Although this is true, the calculator class already has code in it for control-
ling the calculator’s actions and for listening to calculatorKeypadEvents.
That's why the calculatorapplet class constructs a new Calculator
object, passing itself as the calculatorviewer, and registers the calculator
as a CalculatorKeypadListener. It displays the CalculatorException,
if there is one, in the status area. Other than that, the calculatorviewer
methods are implemented in exactly the same way that the calculator
View class implements them. Here is the source code for the calculator
Applet class:



2fsfs] Learn Java In a Weekend

/*
* CalculatorApplet.java
* Runs the Calculator as an applet

*/

import javax.swing.*;
import java.awt.*;

import java.awt.event.*;

public class CalculatorApplet extends JApplet

implements CalculatorViewer {

private DigitalDisplay display;

private CalculatorKeypad keypad;

public void init() ({

Container content = getContentPane();

display = new DigitalDisplay(9, 0.0, true,
new Color (88, 207, 233), new Color (30, 189, 223),
Color.black) ;

content.add(display, BorderLayout.NORTH) ;

keypad = new CalculatorKeypad() ;

content.add (keypad, BorderLayout.CENTER) ;
try {

Calculator controller = new Calculator(this);
} catch (CalculatorException e) {

e.printStackTrace() ;
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System.out.println(“CalculatorException:
+ e.getMessage());

showStatus (e.getMessage()) ;

public void setDisplayValue(double value) {
try {
display.setDoubleValue (value) ;
} catch (DigitalDisplayOverflowException e) {
System.out.println(“DigitalDisplayOverflow: “
+ e.getMessage());
} finally {

display.updateDisplay() ;

public double getDisplayValue() {

return display.getDoublevValue() ;

public void appendDisplayDigit(int appendInt) {

display.appendDigit (appendInt) ;

public void appendDisplayDecimal () {

display.appendDecimal () ;
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public void addCalculatorKeypadListenerw
(CalculatorKeypadListener ckl) {

keypad.addCalculatorKeypadListener (ckl) ;

Writing the HTML

Now, you need to write the HTML that includes the calculator applet. It’s
actually quite simple. Here is the source code for calculator.htm:
<HTML>
<HEAD>
<TITLE>Calculator Applet</TITLE>

</HEAD>

<APPLET code=’'CalculatorApplet.class’ width=268 height=334>
Your browser does not support applets

</APPLET>

</HTML>

Figure 6.6 shows how the calculator looks as an applet.

Using Threads

Threads are independently running “jobs” that execute code. Up front, I'll
just let you know that you won't be writing threads in the calculator appli-
cation. Although this is true, threads are extremely important to know
about. Anytime you write some code that takes a long time to run, you
might consider putting it in a thread and running the greedy code in the
background so that it doesn’t tie up the rest of your program.
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Running multiple threads at a time is called multithreading, or multitasking.
Multiple threads appear to run simultaneously, but that’s not exactly how it
works. Your computer’s single processor runs threads concurrently by switch-
ing between the threads to make them appear to run simultaneously. The
amount of processor time that a thread gets before the processor moves on
to another thread is dependent upon the way your system implements mul-
tithreading, and is, therefore, indeterminable from inside your Java code.
This idea is important when you're trying to write thread-safe code, which I
will touch on in a bit. Threads are useful for running long jobs and in com-
puter terms, even a few seconds can be a long time! For example, in AWT
programming, if you have a button to save your work, when you click on
this button, it will start working to save your work. After you click on it, no
other AWT events can be handled until the saving is complete. If the save
takes a long time, you can be stuck for a while and get frustrated. If, instead,
you created a new thread to do the saving, that task can get done in the back-
ground, while you start doing other stuff.
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Extending the Thread Class

CAUTION

One way to write code that can be executed in a new thread is by extending
the Thread class. The Thread class is defined in the java.lang package, so
you don’t need to import it. When you extend the Thread class, you override
the run () method and add code there to be executed in a separate thread. To
start the thread, call the start () method. Calling the start () method will
eventually result in the run () method getting called behind the scenes.

0000000000000 000000000600060000000000000
You should never call the run () method directly. If you do that, the code will not start
in a new thread, but in the current thread instead.

COPPPPPP0PPPPP 0000000000000 0000090090900%0%9090

The ThreadTest class is a simple example of how to extend the Thread class
and get the thread running. All applications have a thread, called the main
thread, which executes Java programs. In the ThreadTest program, a new
thread is created and its start () method is called, causing the code in the
run () method to be executed in the new thread, not the main thread. While
the new thread is moving on to the run () method, the main thread moves to
print the message, Thread started. If, instead, the main () method called
the run () method, the main thread would execute the run () method, then
move on to print the Thread started message. Here is the source code:

/*
* ThreadTest
* Demonstrates how to create a thread by extending the

* Thread class

*/
public class ThreadTest extends Thread {
//override the run method

public void run() {

for (int i=1; i <=10; i++) {
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System.out.println(i);

public static void main(String argsl[]) {
ThreadTest test = new ThreadTest () ;
//start the thread
test.start();

System.out.println(“Thread started”);

This simple example prints the numbers 1 through 10 in a new thread. Figure
6.7 shows the output. Notice that the Thread started message gets printed
before the run() method prints its output, even though the run() method
was called first. This is not guaranteed to happen every time. It just means
that the main thread got to its System.out.println() method before the
new thread got to print anything. If a new thread had not been created, the
numbers definitely would have preceded the Thread started message.

C:3\My Documents‘wkndjavatchDé>java ThreadTest
Thread started

1
2
3
b
5
13
7
]
2
1
C

%My Documents‘wkndjavaichlé>

Figure 6.7

A new thread is
created to run
ThreadTest,
which counts to 10.
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Implementing the Runnable Interface

There is another way to define a thread’s execution. Instead of extending the
Thread class, you can implement the Runnable interface. The Runnable
interface defines only one method, run(), which must be implemented.
When you implement the Runnable interface, all you have to do is provide
a body for the run () method to define code that runs in a separate thread.

To start the thread, you still need an instance of the Thread class because
one of the Thread constructors accepts a Runnable object. When you con-
struct a Thread object this way, you are telling the thread to run the
Runnable object’s run () method instead of the run() method defined in
the Thread class. When you call the thread’s start() method, the
Runnable’s run() method is started in a new thread. RunnableTest
demonstrates how to implement the Runnable interface and start it in a new
thread. This example does the same thing as the ThreadTest program. Here
is the source code:
/ *

* RunnableTest

* Demonstrates how to implement the Runnable interface

*/
public class RunnableTest implements Runnable {

//must implement the run method
public void run() {
for (int i=1; i <= 10; i++) {

System.out.println(i);

public static void main(String args[]) {
RunnableTest test = new RunnableTest();

//Construct a thread with this Runnable
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Thread t = new Thread(test);
//start the thread
t.start();

System.out.println(“Thread started”);

You can see the RunnableTest output in Figure 6.8.

Why are there two ways of programming threads? Well, for simple threads,
extending the Thread class is fine because all it needs to do is define code
that executes in a separate thread. For more complicated programs, however,
the preferred way to create a thread is by extending the Runnable interface.
For example, say that you have a subclass of canvas, called Animation
canvas and you want to define a run () method to allow for animation to
take place in a separate thread. Because AnimationCanvas already extends
Canvas, it cannot extend another class. Remember, a class can be a direct
subclass of only one super-class. This means that AnimationCanvas can’t
extend Thread, too. Instead, AnimationCanvas should implement the
Runnable interface so that it can extend canvas and be run in a new thread.

C:3\My Documents‘wkndjava'schDé>java RunnableTest
Thread started

1
2
3
b
5
13
7
]
2
1
C

%My Documents‘wkndjavaichlé>
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The Thread.sleep() Method

The Thread.sleep() method is a static method that is defined in the
Thread class. The method pauses the currently running thread for a speci-
fied number of milliseconds. When you call the Thread.sleep() method,
you have to handle the InterruptedException exception that it throws.
You need to do this because the thread can be interrupted by another thread
calling the interrupt () method and stop Thread.sleep () from sleeping;
you have to handle this situation. A sleeping thread might be interrupted if
the application is closing. If, for example, you have a thread that updates a
file every hour for as long as the application is running, you will want to stop
the thread when the application exits. When the application is terminated,
you call the interrupt () method on the thread, so it stops sleeping. Then
the code that handles the InterruptedException can check for the flag
that is set when the application is shutting down and close the file that is
being updated. The sleepTest example program demonstrates a simpler
use of the Thread.sleep () method:

/*
* SleepTest

* Demonstrates how to make a Thread sleep

*/
public class SleepTest extends Thread {

public void run() {
for (int i=0; i < 10; i++) {
if (i % 2 == 0) System.out.println(“Tic”);
else System.out.println(“Toc”);
try {
Thread.sleep(1000) ;

} catch (InterruptedException e) {}
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public static void main(String args[]) {
SleepTest t = new SleepTest();

t.start();

The sleepTest program alternately prints tic and toc and sleeps for one
second (1,000 milliseconds) between each, simulating the ticking of a clock.
It doesn’t handle the InterruptedException because I never interrupt the
thread. Figure 6.9 shows the output. Of course, you'll want to run this
program for yourself so you can see the pause between each printing.

Writing Thread-Safe Java Programs

Figure 6.9

The SleepTest
program alternately
prints tic and toc,
sleeping one
second between
each.

When you write a program that uses multiple threads that execute concur-
rently, you need to be careful because you can't predict the order in which
things happen. The concurrentThreadTest uses multiple threads to print
a sequence of numbers. It uses the Thread (Runnable, String) construc-
tor to construct its threads. The second argument in this constructor is a
String, which is used as the name of the constructed thread. You'll print
this along with each number to tell you which thread is printing the number.

C:'\My Documents’wkndjavalchlé>_
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The n variable is an int. The run () method runs while n is less than 20 and
calls the add () method. The add () method increments the n variable and
assigns the value to m, a variable that is local to the add () method. Then the
add () method puts the currently executing thread to sleep for a random
amount of time to simulate some other processing that can take an indeter-
minable amount of time.

When the thread wakes up, it prints the value of m. The program prints the
name of the current thread after first getting a reference to the current thread
by calling Thread.currentThread () and then calling getName () on that
thread reference. The main () method sends three different threads to execute
the concurrentThreadTest’s run () method. The first two are *Thread 1~
and “Thread 2. After these threads are started by calling their respective
start () methods, the main thread executes the run () method by calling it
directly. Here is the source code for ConcurrentThreadTest . java:

/*

* ConcurrentThreadTest

* Demonstrates that you can do multiple things at the same
* time using Threads

*/
import java.util.Random;

public class ConcurrentThreadTest implements Runnable {

int n = 0;
Random rand = new Random() ;
public void run() {

while (n < 20) {

add() ;
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public void add() {

and Threads

//check the thread termination condition here too

if (n < 20) {
int m = ++n;

try {

//sleep a random number of time

int sleepTime = rand.nextInt (1000) + 1;

Thread.sleep(sleepTime) ;

} catch (InterruptedException e)

{
}
Thread curr = Thread.currentThread() ;
System.out.println(*m=" + m + “ ("
+ curr.getName() + “)”);
} }

public static void main(String args[]) {
Runnable runnable =
Thread threadl = new Thread(runnable,

Thread thread2 = new Thread(runnable,

System.out.println(“Starting Thread 1..

threadl.start () ;

System.out.println(“Starting Thread 2..

thread2.start () ;

System.out.println(“*Running Runnable fr

runnable.run() ;

new ConcurrentThreadTest () ;

“Thread 1”);

“Thread 2”");

)

2"

om main...”);

399
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You can see the output for two separate runs of this program in Figure 6.10.
They are different. The difference between the runs demonstrates the unpre-
dictability of multithreaded programs. As you can see, the numbers aren’t
even printed in order. If the add() method didn't have to be processed in
some order, this would not be a problem at all. But what if you required this
method to be executed in numerical order? There are instances in which you
have to do something like this. For example, what if you are reading a file
that needs to be processed sequentially? You might have multiple threads
working for other purposes, but that one file reader method needs to be
handled carefully. In that case, the type of multithreading solution used in
the ConcurrentThreadTest program will not work.

4 M5-DOS Prompt
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The output of the concurrentThreadTest was out of order and unpre-
dictable because multiple threads executed the add () method concurrently.
For example, the first thread incremented n and assigned the value 1 to m. The
m variable is local to the add () method and is specific to each thread. While
the first thread was sleeping, the second thread could come in and get the value
2 assigned to its version of the m variable. The second thread could be faster
and print out the number 2 before the first thread even wakes up. When the
first thread finally does wake up, it will print the number 1 and cause the
numbers to be out of order. To avoid multithreading problems, you can use
the synchronized keyword. The synchronized keyword is used to specify a
block of code that can have only one thread executing in it at any given time.

'TheConcurrentSynchronizedThreadTestfwognunisdﬂﬁientﬁ0n1the
ConcurrentThreadTest program only in that it adds the synchronized
keyword to the add () method. This tells Java to allow only one thread at a
time in that method. When a thread enters the add () method, the adad ()
method is locked; no other threads can get in. When the original thread exits
the add () method, the add() method is unlocked and another thread is
allowed to enter. Because only one thread can be in the add () method at a
time, the numbers are guaranteed to be in order. Here is the source code for
ConcurrentSynchronizedThreadTest.java.

/*
* ConcurrentSynchronizedThreadTest
* Demonstrates that you can do multiple things at the same
* time using Threads

*/
import java.util.Random;
public class ConcurrentSynchronizedThreadTest implements Runnable {

int n = 0;

Random rand = new Random() ;
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public void run() {

while (n < 20) {

add() ;

/* the synchronized keyword makes a big difference */

public synchronized void add() {

//check the thread termination condition here too

if

(n < 20) {
int m = ++n;
try {

//sleep a random number of time
int sleepTime = rand.nextInt(1000) + 1;
Thread.sleep(sleepTime) ;

} catch (InterruptedException e) {

}

Thread curr = Thread.currentThread() ;
System.out.println(“*m=" + m + “ (%
+ curr.getName() + “)”);

public static void main(String args[]) {

Runnable runnable = new w
ConcurrentSynchronizedThreadTest () ;

Thread threadl = new Thread(runnable, “Thread 1”);

Thread thread2 = new Thread(runnable, “Thread 2”);
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System.out.println(“Starting Thread 1...");
threadl.start();
System.out.println(“Starting Thread 2...");

thread2.start () ;

System.out.println(“Running Runnable from main..

runnable.run() ;

Figure 6.11 shows that the numbers are printed in order.

Wrapping Up

This afternoon you learned how to write and implement an interface. You

Figure 6.11

No matter how
many times you
run this program,
the output will be
in numerical order.

)

applied this knowledge to create an event model for the calculator program

and also to abstract the calculator’s view by creating the calculatorviewer

interface. Then you updated the calculator program to make use of the

custom event model that you created.
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You also learned about Java applets. You learned how to extend the Applet
class, write the HTML, and pass parameters to an applet. You used this
knowledge to write the calcluatorapplet program, which runs the calcu-
lator as an applet. Finally, you learned how to do thread programming and
how to write thread-safe multithreaded code.

Tonight, you'll finish up the weekend by learning some more advanced Java.
You'll learn how to read and write files, how to create your own packages,
and how to use the javadoc tool to generate API documentation. You'll also
learn about the jar utility, which you can use to compress files into jars.
And, of course, you'll finish the calculator project!
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his evening, you will learn about Java packages and how to create

packages of classes. You will apply this to the calculator project by

packaging it into four different packages. You'll also learn how to
read and write to the local file system using classes in the java.io
package. As an enhancement to the calculator application, you'll learn
how to use the Jcolorchooser component to allow someone to change
the colors of the pigitalDisplay component while the calculator appli-
cation is running. Next, you'll apply what you learned about the gcolor
Chooser component and the java.io package to save the calculator’s
colors and audit trail. This session also introduces two new tools that are
widely used by Java developers. The jar tool zips (compresses) multiple
files into a single file, and the javadoc tool generates HTML documen-
tation for your code.

What Are Packages?

Packages are the primary means of organizing Java code. A package con-
tains classes that are related in some way. For example, the java.lang
package contains a number of classes that are fundamental to the Java
programming language. The java.lang package contains such widely
used classes as object, String, System, Thread, Math, and many others.
These classes are related in that they define the Java programming lan-
guage. The java.1lang package is automatically imported into Java pro-
grams by default. Another example of a package is the java.awt package,



408

Learn Java In a Weekend

which you already used, that contains classes for building graphical user
interfaces and rendering graphics and images. Youve been importing
packages in almost all of the programs in this book. Now, you'll learn
more about packages and how to create them yourself.

Why are packages useful? Looking at very small applications, such as the
single-class examples in this book, you would not really see a need for
packaging. Single test classes could only benefit from packages if they
were part of something bigger. Larger programs, such as a retail store’s
point-of-sale system or even a computer game, can be made up of a vast
amount of classes. If they were not organized in some way, the code
would be pure chaos! Think of it this way: You probably have a lot of files
on your computer, right? I hope that they’re not all in the same folder!
You more than likely have a nice directory structure in which you have
many different folders that separate all of your files into smaller groups of
related files. That is really the idea behind packaging. Packaging allows
you to organize your code, making individual classes easier to find by
functionality.

Another package benefit is that they reduce problems associated with
duplicate class names. You can’t have two classes with the same name in
the same package. As a rule of thumb, it is not a good idea to duplicate
class names, but it sometimes makes sense to do so. For example, there
are two Date classes in Java. You played around with the
java.util.Date class Saturday afternoon, so you know that class is for
representing a specific instance of time. The other pate class is
java.sql.Date. The java.sql package, which is not covered in this
book, allows you to access and process data in a database. At the
java.sql core is Structured Query Language, or SQL (pronounced
sequel) for short. Very basically put, SQL is used to ask a database to do
something with some data (for example, select, insert, delete, update).
The pate data type is used in SQL to use dates in databases. The
java.sql.Date class represents the SQL DATE data type. You can see why
both of these classes are named pate. Providing they are in different pack-
ages, you can have multiple classes with the same name.
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Packaging is also used to identify the individual, company, or organization
that owns the classes, as packages conform to naming conventions. A
package name should be lowercase and should be prefixed with a top-level
domain name (for example, com, edu, mil, net, org, or a two-letter ISO
country code). The second level of a package name is typically an identi-
fier, such as a company name. For example, Sun uses the com. sun package
name for its products that are written in the Java programming language.

Yet another benefit of packages is that they allow you to provide another
level of protection for classes, variables, and methods. Package-level pro-
tection differs from class-level protection. In the next section, you will see
how access modifiers affect packages.

Access Modifier Effects on Packages

NOTE

A class uses access modifiers to define which other classes may access its
variables, its methods, and the class itself. The access modifiers are as
follows:

» public

protected

private

YyvyYy

friendly

OO0 0 0000000000000 OOEOCEOCOEOEOENOEOEONONOEONOEOEONOEOEOOOOOTPTO®OTOT O VPO
You already learned about public, protected, and private oOn Saturday
morning. A new one, friendly, sometimes also called package, is introduced here;
“friendly” is not a keyword, so don’t do this:

friendly int myFriendlyInt = 2;

The word “friendly” is used to describe the access that is granted to other classes when
none of the other three access modifiers are specified. To give myFriendlyInt
friendly access, do it without specifying the access modifier, like this:

int myFriendlyInt = 2;
00000000000000000000000000000000000000000 00
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The public access modifier is the most generous one. A public class, vari-
able, or method may be accessed from any other class without restriction.
Even classes in other packages are not restricted from accessing public fea-
tures. Public methods are visible to other classes to provide access to its fea-
tures. As you know, variables are typically never public, but are accessed
through public methods that protect the variables from corruption.

The private access modifier is the least generous one. A private variable
or method may only be accessed by an instance of the class that declares
the variable or method. No other class, whether it is in the same package
or in a different package, may access private features. Not even a subclass
may access its super-class’s private features. No classes, except for inner
classes, may be declared to be private. Private methods do specific work
for the class that declares them, and it typically would be useless and/or
dangerous to give other classes access to these methods. Most instance
variables are private or at least protected. Giving other classes direct access
to instance variables increases the possibility of corruption.

The protected access modifier is less generous than public, but more
generous than private. A top-level class may not have protected access.
Only variables, methods, and inner-classes may be protected. Protected
features are accessible to all classes within the package that declares the
protected features. In addition, a subclass that resides in a different
package than its super-class can access the protected features of its super-
class. No non-subclass may access protected features of another class in a
different package. Always consider inheritance and package structure
when deciding which access modifier to use.

The friendly access modifier is actually more restrictive than protected,
which makes the friendly moniker a bit unintuitive. However, it is less
restrictive than private. Friendly protection is friendly only to other
classes that share the same package. Friendly protection is very similar to
protected protection. Friendly features are accessible to all classes within
the same package as the class that declares the friendly features. Also, sub-
classes can access the friendly features of their super-class. Friendly access
is different than protected access in that a subclass does not have access to
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friendly features of its super-class if the super-class is in a different
package. Another difference is that while classes cannot be protected, they
can be friendly. Table 7.1 summarizes how access modifiers affect the way
classes can access other classes’ features.

Including a Class in a Package

You already learned how to import classes from other packages, but how
do you declare a class to be part of a specific package? First things first.
You have to create a directory structure for your package. For example, if
you create a package named com.mycorp.mypackage, you must first
create a directory (folder) called com. Under com, you must create a direc-
tory called mycorp; then under mycorp, you have to create a directory
called mypackage. Once you create the directory structure, you add
source files (*.java) to the mypackage directory. Just having the direc-
tory structure in place does not provide Java enough information to know
what package your class belongs to. For example, your com folder can be
located in a folder named myjava. Who’s to say that myjava isn’t part of
the package structure? You have to provide the package information for a
class so that Java will know what directory structure is part of your
package, and what part of the directory structure is not part of the

TABLE 7.1 AcCCESS MODIFIER PROTECTION

Class Accessibility public protected  friendly private
Same class yes yes yes yes
Same package subclass yes yes yes no
Same package non-subclass yes yes yes no
Other package subclass yes yes no no
Other package non-subclass yes no no no
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package. This is where the package keyword comes in. For example, to
add a class, Myclass, to the package structure just described, its package
declaration statement looks like this:

package com.mycorp.mypackage;

The name of the package follows the package keyword. As usual, a semi-
colon ends the statement. The package statement must be the first state-
ment in a Java source file. It comes before the import statements. To
access MyClass from a class that is in a different package, you have to
import Myclass with the familiar import statement, like this:

import com.mycorp.mypackage.MyClass;
Oy, if you are importing multiple classes of the package, use the asterisk:
import com.mycorp.mypackage.*;

Thats not all, though. Java needs to know where to find your package.
When you import classes that are provided in the Java SDK, Java knows
where to find them because they’re all in the same place—the location of
the SDK itself. Your packages can be anywhere, though. Staying with the
same example, say that you do have the com directory in a directory called
myjava and youTe trying to access MyClass from another class called
MyOtherClass. If MyOtherClass is in the myJjava directory or in a differ-
ent package that has myjava as its root directory, Java will not have any
problem finding Myclass. That's because, by default, Java searches the
current directory (myjava, in this case) when looking for classes and source
files. When you compile Myclass or MyotherClass, you have to do it
while working in the myjava directory, not the mypackage directory. There
is a way to specify other locations for your packages and classes, so you don't
have to share a directory. You must set the classpath to accomplish this.

In Java, the classpath is the location where Java can find the classes that it
needs. There are two ways to set the classpath. You can use it as an option
to Java commands, or you can set the CLASSPATH environment variable.
Say that you are compiling Myotherclass from a directory called test,
and you make references to MyClass. You must set the classpath in order
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for Java to be able to find it. Here is how it would look if you were to use
the—classpaﬂnopﬂoninthejavacconunand.

javac -classpath C:\myjava;. MyOtherClass.java

Place the -classpath option after the javac command, followed by the
directories that you are adding to the classpath. A semicolon separates
each path. The dot (.) signifies the current directory. In this case, you add
the test directory to the classpath so that Java can find any other classes
in that directory that Myotherclass may need. I should emphasize here
that when adding directories to your classpath, you add the directory that
is underneath your package structure, not the directories that are part of
your package structure.

Alternatively, you can set the CLASSPATH environment variable. Java
checks for the existence of this environment variable. If it does exist, it
adds the paths that it defines to the classpath. Here is how you would set
this up at the MS-DOS Prompt.

set CLASSPATH=C:\myjava; .

Setting the crLasspaTH variable in this way saves you from having to
reenter the -classpath option each time you compile or run Java pro-
grams. Note that an environment variable is specific to the MS-DOS
Prompt session in which you created it. To make the cLasspata more
permanent, add the preceding code to your autoexec.bat file for
Windows 95, 98, and ME, or add it to your environment variables in
Windows NT, 2000, or XP similar to how you set up the PaTH variable
Friday night. Just so you know, you don’t need to bother with the class
path for the calculator application.

COPPPPPP0PP VPPV PPPPPPP009090000000099009090%09090
Be careful that you don’t want to screw up your autoexec . bat file because doing so
can adversely affect your computer. If you're unsure of yourself, don’t bother with the
permanent setting and just use either the -c1asspath option or set the CLASSPATH
variable per session. Also, it is very important that you make a backup of your
autoexec.bat file when you edit it so that you can always restore it if you make a mistake!
COPPPPPP0PP VPPV PPPPPPP009090000000099009090%09090
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Packaging the Calculator Application

Now that you know about packages and how to create packages and add
classes to them, you can apply this knowledge to the calculator application.
First, create the src directory—put it wherever you want. Youre going to
copy all of the source code into sre, in the appropriate package directories.
The base package for the calculator application is going to be com.wknd
java.calculator. (wkndj ava IS just an abbreviation for this book’s title.
I’m using it to represent a fictional company identifier.) There are three
sub-packages, called event, exception, and gui. Their names are descrip-
tive of the functions of the classes that these packages will contain. Here is
the directory structure that you need to build your packages:

sSrc

com

wkndjava

___calculator

event

__ _exception

_ __ gui

Now, you're going to copy the source files into these directories. Because
the classes will no longer be in the same package, you'll need to import
from other packages those classes on which you're dependent. Tables 7.2
through 7.5 list the classes by their new packages. Copy all of the calcu-
lator application’s source files into their appropriate packages, as the
tables list them. Do not copy the class files; after you build the package
structure, you'll have to recompile everything anyway.

The com.wkndjava.calculator package is the base package for the cal-
culator application. It contains only one class. The main calculator
class that controls the calculator application is the only class needed here.
Copy the calculator. java file into the calculator directory. Add the
import statements listed in Table 7.2 to the top of the calculator.java
source file. If you have trouble adding the import statements, take a peek
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at Appendix B (which you can find on the Web at http://www.premier
pressbooks.com/downloads.asp). It lists all of the source files, in their
entirety. At this point, you only need to look at the import and package
statements. The package statement at the top of the calculator.java
source code file must look like this:

package com.wkndjava.calculator;

There are some other changes in those files that you'll be making later
tonight.

The com.wkndjava.calculator.event package is for your custom
event classes. The calculatorkeypadEvent class goes there, along with
thelﬁtenerfbrtheevenm,CalculatorKeypadListenerfrheCalculator
KeyMap class goes there, too. Copy the source files for these three classes
into the event package. As you can see in Table 7.3, there are no import
statements to add because these classes are not dependent on any other
classes in the calculator application.

TABLE 7.2 THE COM.WKNDJAVA.CALCULATOR PACKAGE

Classes

Imports

Calculator

com.wkndjava.calculator.event. *;
com.wkndjava.calculator.exception. *;
com.wkndjava.calculator.gui.*;

TABLE 7.3 THE COM.WKNDJAVA.CALCULATOR.EVENT PACKAGE

Classes Imports
CalculatorKeyMap (None)
CalculatorKeypadEvent (None)

CalculatorKeypadListener (None)
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’Thecom.wkndjava.calculator.exceptionchkageisfbrthecdcukuor
application’s two exception classes, calculatorException and Digital
DisplayOverflowException.Cbpytheﬁsounriﬂcshnotheexception
directory and add the package statement to them. Table 7.4 lists these
classes. No imports are necessary.

The com.wkndjava.calculator.gui package is for all of the interface
stuff, which is all of the rest of the classes. Not all of the classes are GUI com-
ponents. Some of the classes are here just because the GUI Components
depend on them. calculatorapplet goes here because it is a calculator
viewer. I'll come back to the way this package structure affects how to
run the applet. (At this point, it’s broken.)

Table 7.5 lists the classes that should be added to the com.wkndjava.
calculator.gui package and the import statements that have to be
included. Copy all of their source files to the gui folder and add the
import statements as they are listed in Table 7.5. Don't forget to add this
statement to all of the source files:

package com.wkndjava.calculator.gui;

Recompiling the Calculator Application

Okay, so you shuffled the source files around. Your're still not done. Now,
you have to compile all of the source files (because you moved them
around, added package statements, and added some new import state-
ments). First, create a new directory named classes. Make sure that you
put the classes directory into the same directory as the src directory
(not in the src directory, but at the same level). Open your command
prompt and get into the src directory (you must be in the src directory
for this to work). Now, at the command prompt, type the following
command (the slashes go the other way if youre using Unix (/)):

javac -d ..\classes com\wkndjava\calculator\w
guilCalculatorApplet.java
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TABLE 7.4 THE COM.WKNDJAVA.CALCULATOR.EXCEPTION PACKAGE

Classes Imports
CalculatorException (None)
DigitalDisplayOverflowException (None)

TABLE 7.5 THE COM.WKNDJAVA.CALCULATOR.GUI PACKAGE

Classes Imports

CalculatorApplet com.wkndjava.calculator.Calculator;
com.wkndjava.calculator.event. *;
com.wkndjava.calculator.exception. *;

CalculatorHelper com.wkndjava.calculator.event.*;
CalculatorKeypad com.wkndjava.calculator.event.*;
CalculatorModel com.wkndjava.calculator.event. *;
CalculatorView com.wkndjava.calculator.Calculator;

com.wkndjava.calculator.event. *;
com.wkndjava.calculator.exception. *;

CalculatorViewer com.wkndjava.calculator.event. *;
DigitalDisplay com.wkndjava.calculator.exception. *;
LigquidCrystalComponent (None)

LiquidCrystalDigit (None)

LigquidCrystalNegative (None)
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The -a option of the javac command lets you specify where the class files
will go. This command adds all of the class files to the c1asses directory.
At this point, you are separating the class files from the source files. First
off, I wanted to show you that Java programs can be run without the
.java files. Also, I wanted to show you how to use the -a option. Lastly,
this prepares you for jarring the classes later on. Did you notice that the
only file that the command specifies is calculatorapplet.java? Actu-
ally, that’s all you needed to specify. Because calculatorapplet.java is
dependent on other classes, and those other classes are dependent on other
classes, this works. Java compiles all of the other files that calculator
Applet.java relies on and, due to the fact that this touches all of the
source files, everything gets compiled! You could also have compiled all of
the files directly, but that would have taken a bit of time. Or you could
have specified all of the source files in a particular directory, like this:

javac -d ..\classes com\wkndjavalcalculator\gui\*.java

Now that everything’s compiled, look in the classes directory, where all
of the class files were sent. You should see a directory structure like this:

___classes

_ _____com

_ ___wkndjava

_ ___calculator

_ ______event

_ __ exception
_ __ gui

It looks just like the directory structure that you created in the src direc-
tory, doesn’t it? The difference is that the folders contain .class files
instead of .java files.

Now that you have packaged the calculator application, you have to run
it a bit differently. From your command prompt, get into the classes
directory. Youre going to run the calculator class file. You have to
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specify the package from here for it to work. To run the calculator appli-
cation, type the following command:

java com.wkndjava.calculator.Calculator

Use the dot as the separator, not the slash. Make sure everything is
working properly. Once you're all set, move ahead to learn about file
input and output.

i HE E E E E N EEEEEEEEEEEEEEEEEEEEEEEECGRN

TIP 1o list all of the options for the java and javac commands, simply type java or
javac at the command prompt with no other arguments. This will list the options, along
with their brief descriptions.

File Input and Output

The java.io package provides for reading and writing to the file system.
It provides classes that allow you to read and write files to your computer.
Up to this point, all of the programs in this book temporarily stored data
only while the programs were running. Using the java. io package, you'll
learn how to save data for later retrieval. Why is this useful? Take bank
software, for example. What good would it be if the software didn’t save
your account balance somewhere? It would be useless. Another example
is word-processing software. It wouldnt be so great if you couldnt save
your documents, would it? Most large software packages have to access
the file system to be useful. Java provides this function for you behind the
scenes with the classes in the java.io package. These classes provide an
abstraction for you, so you don’t have to have intimate knowledge of your
operating system’s specific file system. The java.io package allows you
to write code that will port to any operating system without making you
rewrite anything. Good news! This package is fairly straightforward and
easy to use. First, I'll go over the basics and show you a couple of sample
programs that use the java.io package; then you'll see how to get the
calculator application to save stuff for you.
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Overview

of the java.io Package

The java.io package contains classes for I/O, that is, input and output.
The term I/O is not exclusive to files. In fact, the System.out.println()
method that you're so familiar with is defined in this package. system.out
is actually a Printstream object, which is found in the java.io package.
The system.out object is open to the standard output stream, so you can
write messages to wherever standard output goes, such as the MS-DOS
Prompt, for example. An owutput stream is just something that accepts
output bytes. The PrintStream class defines the printin () method. This
method prints a string to an output stream and terminates the string with
the line separator string. The line separator string is not necessarily the
newline character (\n). The line separator string varies among operating
systems. The java.io package also contains the serializable interface,
which is implemented by any class to indicate that its state can be serial-
ized, basically allowing it to be read and written across a network or to the
file system, for example.

In this section, you'll learn about streams, readers, and writers. You'll
learn how to read standard input from the command prompt. To perform
I/O operations in Java, you have to import the java.io package classes
that you need. Before you start looking at actual code, take a look at Table
7.6, which summarizes some of the java.io classes, to get an overview
of the package you'll be working with.

TABLE 7.6 THE JAVA.10 PACKAGE CLASSES

Class

Description

Serializable

Allows you to read/write object states. (This interface has no
methods in it. Simply specifying that a class implements this
interface makes it serializable.)

BufferedInputStream  Adds the ability to buffer input from input streams.

BufferedOutputStream Adds the ability to buffer output from output streams.




~
T~ ~_ SUNDAY EVENING Packages, File 1/0, JARs, and Javadocs 4924 &
Class Description
Buf feredReader Buffers character input streams.
BufferedWriter Buffers character output streams.
File Represents a file on the file system.
FileInputStream Reads bytes from a file.
FileOutputStream Writes bytes to a file.
FileReader Reads a character file.
FileWriter Writes characters to a file.
InputStream Abstract super-class for byte input streams.
InputStreamReader Reads bytes and translates them into characters
ObjectInputStream Reads objects from an input stream.
ObjectOutputStream Writes objects to an output stream.
OutputStream Abstract super-class for byte output streams.
PrintStream Allows you to conveniently print string representations of Java
data types.
Reader Abstract super-class for character input streams.
Writer Abstract super-class for character output streams.
EOFException Indicates that EOF (end-of-file) has been reached unexpectedly.
IOException Indicates that an 1/0 exception occurred.
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Streams, Readers, and Writers

Streams are open to a source of information (data) and allow for the
passage of data to and from the data source. To read input, you need to
open an input stream to the data source, read the information, and then
close the input stream. Similarly, to write output, you need to open an
output stream to the data source, write the information, and then close
the output stream. A common programming error is forgetting to close
I/O streams after I/O operations are complete. Keeping streams open uses
system resources, so try to remember to always close your streams when
youre done with them.

Character streams are for reading and writing 16-bit character data. The
java.io package’s Reader and writer class are the abstract super-classes
for other classes that represent character streams. You should use charac-
ter streams for reading and writing textual data. Java character streams
have the ability to understand characters in the Unicode character set,
which is the specification for Java characters.

Byte streams are for reading and writing bytes. Bytes are only 8-bits and,
therefore, are not sufficient for reading 16-bit characters. The java.io
package’s Inputstream and ouputStream are the abstract super-classes
for byte streams. You should use their subclasses for reading binary data.
Binary data is usually used to store non-textual information such as
images and sounds.

Reading Standard Input

You have already learned how to accept command-line arguments. Now,
you'll learn how to accept user input whenever you need it. Earlier, you
learned about the system.out object, which is used for writing to the
standard output stream. System.out’s counterpart, the System.in
object, is used for reading from the standard input stream. system.in is
an InputStream object, which means that it reads bytes from an input
stream. Specifically, system.out reads from the standard input stream.
Because you want to read character data from the standard input stream,
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you need to convert the bytes into characters. For that function, you'll use
the InputStreamReader class. The constructor for the InputStream
Reader class accepts an InputStream object as a parameter. To read stan-
dard input, you need to pass System.in as the InputStream argument
to this constructor so that the InputStreamReader will convert the bytes
read in by System.in into characters.

To enhance performance, you'll also use a BufferedReader. The con-
structor for the BufferedReader class takes a Reader object as an argu-
HKHH.YbuqlmeintheInputStreamReaderSOthattheBufferedReader
will buffer input from the InputstreamReader. A buffer is a temporary
storage area for large amounts of data. BufferedReader reads a large
amount of data ahead of time to limit the number of times the underly-
ing data is accessed. Without buffering, each method call made to retrieve
data would cause bytes to be read from the input stream. This is costly and
adversely affects performance. Reading data using InputsStreamReaders is
especially costly, so it is a good idea to buffer these types of streams using
BufferedReader.

The standardInputTest sample program demonstrates how to use these
classes to read input from the standard input stream. Here is the source
code:
/ *

* StandardInputTest

* Demonstrates how to accept standard input

*/
import java.io.*;
public class StandardInputTest {

public static void main(String argsl[]) {

BufferedReader reader;
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String name;
reader = new BufferedReader (

new InputStreamReader (System.in));
System.out.print (“*What’s your name: “);

try {
name = reader.readLine();

reader.close() ;

System.out.println(“Hello, “ + name + “!”);
} catch (IOException e) {
System.out.println(“Could not read input”);

System.out.println(e.getMessage());

The standardInputTest program declares a BufferedReader object
called reader. Then it instantiates reader, passing a new InputStream
Reader ObﬂxI to the BufferedReader constructor. The InputStream
Reader conmxucunrgem System.in as its InputStream pannnafn<At
this point, reader is ready to read from the standard input stream. The
program then prints a message to prompt for a name. The
System.out.print () method is used here, which allows for typing the
input on the same line as the prompt. The reader.readrine () method
causes the program to read a line of input.

At this point, you can start typing input into the command prompt. The
program will block until it reaches a line separator. When you press Enter,
the readrine() method will pick up the resulting line separator and
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return a String object that represents the input typed at the command
prompt. The name variable accepts the value returned from readrine(),
which should be a person’s name. After the program reads the input, it
closes the input stream by calling reader.close().

Both the readrine() and the close() methods throw an IOException
if an unexpected I/O exception occurs, so you need to wrap these method
calls in a try-catch block and handle the 1T0Exception (or declare
main () to throw I0Exception). To demonstrate that the input was read
in properly, the program prints a message, “Hello, name” where name is
the string that readrine () reads. Figure 7.1 shows what a typical run of
StandardInputTestShoukilooklﬂqz

Reading and Writing Files

Figure 7.1

Standard
InputTest
reads in your
name, and says
“hi” to you.

Reading and writing files is similar to reading and writing standard input
and output. The difference is that you need to open the streams to files
instead of using the standard input and output streams. The Filecopy
Test program demonstrates how to read and write files by copying data
from a source file to a newly created destination file. To read and write
files, you need to instantiate a File object. The File() constructor you're
using here accepts a single string object, which represents the filename.

C:3\My Documents‘wkndjavaichD?>java StandardInputTest
What’s your name: Joey
Hello, Joey!

C:%\My Documents’wkndjavalch0?>_
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TIP

If the file is in the same directory as the program, you can just pass in the
filename. If the file is in a different location, you pass in the full path.

i HE E E E E N EEEEEEEEEEEEEEEEEEEEEEEECGRN
File paths differ among operating systems. For example, Windows uses the backslash (\)
as the path separator, but Unix uses the forward slash (/).To keep your programs platform-
independent, you should make use of the pathSeparator and pathSeparator
Char static fields of the Fi 1e class, instead of hard-coding the path separators.These two
static fields contain the system-dependent path separator regardless of the system your
code is running on, making your code portable among different operating systems.

Here is the source code for FileCopyTest:

/*
* FileCopyTest
* Demonstrates how to read and write files.

*/
import java.io.*;
public class FileCopyTest {
public static void main(String argsl[]) {
//signifies end of file
final int EOF = -1;
//stores each character as it is read

int c;

File original = new File(“original.txt”);

File copy = new File(“copy.txt”);

try {
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FileReader reader = new FileReader (original) ;

FileWriter writer = new FileWriter (copy) ;

while ( (¢ = reader.read()) != EOF) {

writer.write(c);

reader.close() ;

writer.close();

System.out.println(

“Copied \”original.txt\” to \”copy.txt\””);

} catch (FileNotFoundException fnfe) ({
System.out.println(“File not found: ™
+ fnfe.getMessage());
} catch (IOException ioe) {
System.out.println(“IOException: ™

+ ioe.getMessage()) ;

The FileCopyTest program instantiates two File objects, named original
and copy. original is the file that FileCopyTest will read. The program
constructs original object by passing in the original.txt filename.
copyisthefﬂethatFileCopyTest\Nﬂlcopyorigina1%(hnatofrhefﬂe—
name for copy is copy.txt. To read the original.txt file, a new
FileReader object, reader, is constructed with original as the param-
eter to FileReader (). There is another FileReader () constructor that
accepts a String filename, which it uses to construct its own File object.
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Because Java is going to be reading this file, the file must already exist. If
the FileReader () constructors can't find the file passed in, they throw a
FileNotFoundException. That’s Why the FileCopyTest program must
handle FileNotFoundException.

The FileCopyTest program creates a FileWriter object, too. This
object, writer, is used to write a new file. Because you pass in copy as
the File argument to the Filewriter () constructor, the new file gets
named copy. txt. The FileCopyTest program uses a FileReader and a
FileWriter because the files are character files. You might consider also
using BufferedReader and Bufferedwriter to enhance performance
here, as FileReaders and Filewriters are costly. For binary files, use
FileInputStream and FileOutputStream instead of FileReader and

FileWriter.

The while loop reads all of the characters from original.txt individu-
ally using the read () method. The read() method reads in a character
and returns it as an int. Because you don’t want the while loop to run
forever, you need a way to know when you're all done reading the input.
The read () method returns -1 when it reaches the end of the file (EOF).
The while loop reads all characters from original.txt until it gets the
EOF flag. Each time a character is read, the program immediately writes
it to the copy. txt file. When the file is completely copied, both the input
stream and the output stream are closed. Before running this program, the
original.txt file should already exist. The result of running this
program is that a new file, called copy . txt, will be created and will be an
exact copy of original.txt. Figure 7.2 shows what should happen.

Using the JColorChooser Component

Ah, yes. Now you're ready to start adding some really cool features to the
calculator application. Wouldnt it be cool to be able to set the colors of
the DigitalDisplay while the program is running? Wouldn't it be even
cooler to be able to save color preferences so that the calculator program
remembers your favorite colors for you? That’s what you're going to do.
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original.txt
file to a new
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G \My ﬂncuments\wknd]aua\chﬂ?>d1r *_ tat

Uolume in drive C has no label
Volume Serial Humber is 2DA7-3%CA
Directory of C:%My Documents‘wkndjavaichd?

ORIGIHAL THT 115 03-15-02 12:50p original.txt
1 file(s) 115 bytes
0 dir(s) 10,10%2.91 MB free

G WMy Dncuments\wknd]aua\chﬂ?>]aua FlleﬂnpyTest

Copied "original.txt™ to “copy.txt"
C:3\My Documents‘wkndjavachD?>dir *. txt

Uolume in drive C has no label
Volume Serial Humber is 2DA7-3%CA
Directory of C:“My Documents‘wkndjavaichd?

COPY THT 115 03-25-02 9:54p copy.tixt
ORIGIHAL THT 115 03-15-02 12:50p original.txt
2 file(s) 230 bytes
0 dir(s) 10,105.8% MB free

C:\My Documents'wkndjavaichD?>

:j original.txt - Hotepad

File  Edit Search Help File Search Help

FileReader iz used to read files. _J FileFeader is used to read files. :J
FileWriter is used to write files. FileWriter is used to write files.

They are both part of the java.io package. They are both part of the java.io package

- A | _’.'—/;‘

Oh, but 'm getting ahead of myself here a bit. First, you have to learn
how to write code that allows for setting colors. The gcolorchooser
Swing component is a ready-made color-choosing component that will
do this for you. This section shows you how to use the Jcolorchooser
component. Later on, you'll use the JcolorChooser component to
change the three pigitalbisplay colors in real-time, while the calcula-
tor program Is running.

The gcolorchooser provides a pane that includes controls that allow a
user to change and select colors. Figure 7.3 shows what the Jcolor
Chooser component looks like.

The JcolorChooser pane has three tabs, Swatches, HSB, and RGB. The
Swatches pane lets you pick from a set of predefined colors. The HSB
pane lets you create a color by specifying its hue, saturation, and bright-
ness. The RGB pane lets you create a color by setting its red, green, and
blue values.
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Figure 7.3

The Jcolor
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The constructor that youre going to use accepts a Color object. The
JColorChooser component uses the Color object as its initial color. For
example, to instantiate a JColorChooser object that has its initial color
set to black, you call the constructor like this:

JColorChooser myChooser = new JColorChooser (Color.black);

New JcolorChooser components need to be added to containers.
Because they are components, you can add gcolorChoosers anywhere
that other components can be added. In your case, youre going to want
to add it to a dialog window, and not directly inside the calculator appli-
cation frame. Because JcolorChoosers are frequently added to dialog
windows, the JcolorChooser class provides a method that creates a
dialog window for you. The createbialog() static method creates a spe-
cialized dialog window that contains a JcolorChooser component. The
createDialog() method accepts six arguments; they are (listed in the
order that you pass them to the createbialg() method):

1. Component c. The parent component.

2. string title. The title for the dialog window.



SUNDAY EVENING Packages, File 1/0, JARs, and Javadocs  [4%eH &

3. boolean modal. Indicates whether the dialog window is modal.

4. JcolorChooser chooserPane. The JColorChooser component

for the dialog.
5. ActionListener okListener. Listens for OK button clicks.

6. ActionListener cancelListener. Listens for Cancel button
clicks.

Here’s an example:

JDialog ¢ = JColorChooser.createDialog(this,

“Select Color”, true, myChooser, ok, null);

This example creates a new JColorChooser Jbialog object, assuming
that this method call appears in a subclass of component. gpialog is the
Swing version of a dialog window. The first argument is this, meaning
that the component itself is the parent component for the dialog. The
“Select Color” argument is the title for the dialog window. true is
passed to indicate that the dialog should be modal. mychooser is some
JColorChooser object that would have been created somewhere previ-
ously in the program. The ok argument must be an object that imple-
ments the ActionListener interface for handling OK button events.
The last argument is nul1, which would indicate that Cancel events are
not being handled. You'll construct the dialog a bit differently for the cal-
culator application. This was merely an example.

ActionListener objects implement their actionPerformed() methods
to handle the button events. What will you want to do when the user
clicks on OK? Well, you might want to get the selected color. That’s what
the getcolor () method is for. As an example, the ok object from the pre-
vious example might have the following actionPerformed() method
defined in its class:

public void actionPerformed(ActionEvent e) {

myColor = myChooser.getColor();
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This example assumes that the actionPerformed () method is only han-
dling OK button events and that mycolor is a Color object. It’s easy to
see why youd want to handle OK button events, but why would you care
if someone clicked on the Cancel button? Using gcolorchooser, you can
listen for color updates as the user is changing the color, and update your
color accordingly. If the user clicks on Cancel, youd probably want to
change your current color back to its original color.

You can listen to JColorChooser updates by adding a ChangeListener
tOtheJColorChooser%ColorSelectionModelobﬁxI.ColorSelection
Model is just a class that supports selecting a color. You can get a gcolor
Chooser’s ColorSelectionModel ObkxI by Gﬂhng ﬂK:getSelection
Model () rnethodd'rhen_you,can add a ChangeListener to it. Change
Listener is an interface defined in the javax.swing.event package. It
Onb7hasone1n€thod,stateChanged().ChangeListener%tanblpurpose
is to listen for when things, such as the color you're interested in, change.
Thats it. Still, this might be confusing. Here is a code snippet that shows
you how this is done:

JColorChooser chooser = new JColorChooser (Color.white);

chooser.getSelectionModel () .addChangeListener (this) ;

This snippet creates a new JcolorChooser object, called chooser. Next, the
code gets access to the ColorsSelectionModel by Gﬂﬁng getSelection
Model () and adds a ChangeListener to the model. The code passes this
as the changeListener, which means that the class that this code is
defined in must implement the changeListener interface and, therefore,
HumtakoinqﬂenwntthestateChanged()nkxhodfThestateChanged()
method will be called every time the color changes. Take a look at this
code to see how these events might be handled:

public void stateChanged(ChangeEvent e) {
ColorSelectionModel csm = (ColorSelectionModel)e.getSource();

Color c¢ = csm.getSelectedColor();
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ChangeEvent events are fired when the color changes. The source of these
events will be a colorselectionModel object. You can get the selected
color (so you can update whatever color you need ) by calling get
SelectedColor().

Okay, now you know about the JcolorChooser component. You're
going to use it to allow DigitalDisplay colors to be changed on the fly.
Not only that, youre going to be able to save the colors so that the cal-
culator application will automatically start with the colors you've selected.
Youre not quite ready to update the calculator application files, because
there are more features to go over, so I'll come back and revisit gcolor-
Chooser in a moment.

Take a Break

Now is a good time to take a little break. Relax for a bit. When you come
back, you'll apply what you've just learned about file I/O and the gcolor
Chooser component to update the calculator application. After that,
you'll learn about the jar tool and the javadoc tool. See ’ya in a few.

Saving Calculator Stuff

You should have all of the information that you need to start updating the
calculator application code. The goal now is to be able to save two differ-
ent things from the calculator application: the color preferences and the
audit trail. The color preferences correspond to the three different colors
of the pigitalpisplay panel—the background color, the unlit color, and
the lit color. You'll use a gcolorchooser to allow the user to select the
colors while updating the pigitalbisplay and provide a menu option
for saving those colors. Remember the audit trail from the creation of the
CalculatorHelper class? The trail keeps track of all of the calculator
application’s mathematical operations in string form. You're going to add
a dialog window that displays the audit trail for viewing. The calculator
application will provide another menu option for saving the audit trail.
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Revisiting the Audit Trail

Now, youre going to create the auditTrailview class. The AuditTrail
view class extends the gpialog class so that it is a dialog window. The
purpose of the AuditTrailview dialog window is to give you a view of
the calculator application’s audit trail. It has a JTextarea, which is the
Swing version of the Textarea component. The text area will display the
actual audit trail text. JTextAreas are constructed a bit differently than
java.awt.TextAreas; specifically, the way that scrollbars are created is
different. Read over the code for the auditTrailview, listed here:

/*
* AuditTrailView
* A dialog window for viewing the calculator’s audit trail

*/
package com.wkndjava.calculator.gui;

import java.awt.*;

import javax.swing.*;

public class AuditTrailView extends JDialog {

private JTextArea trail;

public AuditTrailView(Frame owner, String atText) {

super (owner, “Audit Trail Viewer”);
trail = new JTextArea(atText, 25, 45);
trail.setFont (new Font (“Monospaced”, Font.PLAIN, 10));

trail.setEditable(false) ;

JScrollPane scrollPane = new JScrollPane(trail);
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getContentPane () .add(scrollPane, BorderLayout.CENTER) ;

setDefaultCloseOperation (WindowConstants.HIDE ON_CLOSE) ;

pack();

public void setText (String atText) {

trail.setText (atText) ;

public String getText() {

return trail.getText();

The auditTrailview dhﬂog wdndowrlxﬂongsin.the com.wkndjava.
calculator.gui package because it is a GUI component. The audit
TrailView() constructor accepts two arguments. The first argument is
the Frame object that owns the instance of AuditTrailview. The second
argument is the string object, which should be the audit trail text. The
constructor calls super (), which is the gpialog() constructor. The
super constructor accepts the Frame object as its first argument and a
String title as its second. The title appears at the top of the dialog
window. The gTextField object, trail, gets an instance by passing the
text, the number of rows, and the number of columns to the
JTextField() constructor. The font is “Monospaced” so that the audit
trail text lines up properly.

To add scrollbars to the JTextarea, you have to put it in a JScrollPane.
This is different from the AWT’s Textarea, where you can specify the
scrollbar visibility in the constructor. A gscrollPane is the Swing version of
the AWT’s Scrollpane component. Fortunately, there are Jscrollpane ()
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constructors that accept a Component parameter. The AuditTrailview
class passes in the JTextarea so that the gscrollpane will display the
JTextArea with scrollbars when they are needed. The auditTrailview
class has two methods for getting and setting the text. If youre coding
along with the book, make sure that you add the auditTrailview. java
source file in the src\com\wkndjavalcalculator\gui\ dhecany
Compile it with the following command from the src directory:

javac -d ..\classes com\wkndjavalcalculator\gui\w
AuditTrailView. java

Adding a Menu

To be able to tell the calculator application when you want to view the audit
trail, when you want to set the colors, and when you want to save stuff, you
use a menu system. The calculatorMenu class extends dMenu, which—you
guessed it—is the Swing version of a menu. You create gmenus in the same
basic way that you create AWT menus; the difference is that you use Swing
components instead of AWT components. To create a menu, create a JMenu
object. To add selection items to the menus, add JMenuTtems to the JMenu.
When you're done creating the menu, set it as a Frame’s menu bar. You'll be
adding things to the menu. You'll later update the calculatorview and
CalculatoraApplet classes to set the Calculator Menu as their menu bars.
}{mfisalkﬁngfbrCalculatorMenu.java:

/*
* CalculatorMenu
* The menu for the Calculator program

*/
package com.wkndjava.calculator.gui;

import com.wkndjava.calculator.Calculator;

import com.wkndjava.calculator.gui.*;
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import javax.swing.*;
import java.awt.event.*;

import java.util.*;

public class CalculatorMenu extends JMenuBar {
private int appType;
private Vector menultems;
//static constants represent menu items for event handling
public final static String FILE_EXIT = “Exit”;
public final static String FILE_SAVE_AUDIT TRAIL
= “Save Audit Trail”;
public final static String FILE_SAVE_COLORS
= “Save Color Preferences”;
public final static String VIEW_AUDIT TRAIL = “Audit Trail”;
public final static String VIEW_COLOR_BACKGROUND
= “Background Color”;
public final static String VIEW_COLOR_UNLIT = “Unlit Color”;

public final static String VIEW _COLOR_LIT = “Lit Color”;

/* The type is either Calculator.APPLICATION or
* Calculator.APPLET and determines whether or not file
* operations are enabled */

public CalculatorMenu (int type) {

super () ;

switch (type) {
case Calculator.APPLICATION:
case Calculator.APPLET:
appType = type;

break;
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default:

appType = Calculator.APPLET;

populateMenu () ;

private void populateMenu() {

menultems = new Vector():;

// File menu

JMenu file = new JMenu(“File”);

if (appType == Calculator.APPLET) {
file.setEnabled(false);

}

JMenuItem fileSaveAt
= new JMenultem(FILE_SAVE_AUDIT_TRAIL);

menultems.add (fileSaveAt) ;

file.add(fileSaveAt) ;

JMenultem fileSaveColors = new w=»
JMenultem (FILE_SAVE_COLORS) ;

menultems.add(fileSaveColors) ;

file.add(fileSaveColors) ;
file.addSeparator () ;
JMenuItem fileExit = new JMenultem(FILE_EXIT) ;

menultems.add (fileExit) ;

file.add(fileExit);
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add(file);

//view menu

JMenu view = new JMenu(“View”) ;

JMenulItem viewAt = new JMenuItem(VIEW_AUDIT TRAIL);
menultems.add (viewAt) ;

view.add (viewAt) ;

//color submenu

JMenu colors = new JMenu(“Color”);

JMenultem bkgColor = new JMenultem(VIEW_COLOR_BACKGROUND) ;
menultems.add (bkgColor) ;

colors.add (bkgColor) ;

JMenuItem unlitColor = new JMenultem(VIEW_COLOR_UNLIT) ;
menultems.add(unlitColor) ;

colors.add(unlitColor) ;

JMenuItem litColor = new JMenultem(VIEW_COLOR_LIT) ;
menultems.add(litColor) ;

colors.add(litColor) ;

view.add (colors) ;

add (view) ;

public void addMenuActionListener (ActionListener listener) {

Iterator itemIter = menultems.iterator();
while (itemIter.hasNext()) {
((JMenuItem)itemIter.next()) .addActionListener (

listener);
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The calculatorMenu class has two instance variables. The appType vari-
able is an int that keeps track of whether the menu is for an application
or an applet. This means that its value should be either calculator
.APPLICATION or Calculator.APPLET. The menu must be different for
applets because applets are restricted from using the local file system.
Therefore, if you run the calculator as an applet, you won't be able to read
or write files. The second instance variable, menuItems, is a Vector of
JMenuItem objects. The vector is used just as a convenient way of keeping
track of all your menu items. The calculatorMenu class also defines
several static class constants, which are the string objects that are used
for the menu item labels. As you'll see, when you have to handle the
menu’s events, having these constants around will be helpful.

The calculatorMenu() constructor accepts only one argument, an int.
The value passed into the constructor should be either calculator
.APPLICATION or Calculator.APPLET. If it’s not one of those two values,
the default calculator.APPLET is used. Calculator.APPLET is the default
because the applet menu is more restrictive, and it’s better to be safe than
sorry. The constructor calls the private method, populateMenu (), which
does all the work of adding all of the menu items to the menu. populate
Menu () actually creates two submenus for the menu bar—File and view.
The File menu is for the save options and also to exit the application.
Because applets can’t access the file system, the File menu is disabled for
applets. The view menu is for viewing the audit trail, and also for setting
the color preferences. Under view is the color submenu, which gives you
the three color options.

The calculatorMenu class has one more method. The addMenuaction
Listener () method is for event handling. It adds an ActionListener
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object to listen for menu item selection. The ActionListener is added
to all of the JMenuTItems in the menuItems vector. The ActionListener
hnpkﬂnenrsthc actionPerformed () Huihod,vﬂﬁch.a JMenuItem will
call when it gets selected, so you can handle the event.

TTK:CalculatorMenu.Chssgoesinthc com.wkndjava.calculator.gui
package, so the source code belongs in the src\com\wkndjava\calculator\
gui\ directory. Compile it like this:

javac -d ..\classes
com\wkndjavalcalculator\gui\CalculatorMenu. java

Updating CalculatorViewer

To handle the new menu system, you need to update the calculator
Viewer interface and the two classes that implement it. Basically, you're
adding six methods. The new methods, as they should be defined in

CalculatorViewer.java,areasfbﬂowm:

public void addMenuActionListener (ActionListener al);
public void showAuditTrail (String atText) ;

public void updateAuditTrail (String atText);

public DigitalDisplay getDigitalDisplay();

public void showInfo(String message) ;

The addMenuActionListener () method complements the method of
the same name in the calculatorMenu class. It provides a way to regis-
ter listeners to the menu through the calculatorviewer object. The
showAuditTrail () method calls the auditTrailview component and
displays the given audit trail text. The updateauditTrail() method
assumes that the AuditTrailview component is already showing and just
updates the audit trail text. If the AuditTrailview isn't already showing, the
updateAuditTrail()rneduxidoesnodﬁng.TTw getDigitalDisplay ()
method returns the bigitalbisplay object so you can handle changing
its colors. The showInfo () method displays a message to the user.
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Add the following two instance variables for the new menu and audit trail
dialog window to CalculatorView and CalculatorApplet:
private CalculatorMenu menu;

private AuditTrailView auditTrailViewer;

Add the new calculatorviewer methods to the calculatorview and
CalculatorApplet classes. Their implementations are as follows (they’re
the same for both classes):

public void addMenuActionListener (ActionListener al) {

menu.addMenuActionListener (al) ;

public void showAuditTrail (String atText) {
if (auditTrailvViewer == null) ({
auditTrailViewer = new AuditTrailView(this, atText);
}
else {
auditTrailViewer.setText (atText) ;
}

auditTrailViewer.setVisible(true);

public void updateAuditTrail (String atText) {

if (auditTrailViewer != null && =
auditTrailViewer.isVisible()) {

auditTrailViewer.setText (atText) ;

public DigitalDisplay getDigitalDisplay() {
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return display;

public void showInfo(String message) {

JOptionPane.showMessageDialog(this, message) ;

The new methods are all pretty straightforward, except for the show
Info () method. This method calls the static JoptionPane.showMessage
Dialog () method. JoptionPane is a convenient way of popping up stan-
dard dialog windows, such as a confirmation dialog, which asks a yes/no
question; an input dialog, which prompts you for text input; or some
combination of the two. The JOptionPane.showMessageDialog ()
method simply pops up a dialog window that displays the text you pass as
the second argument. The first argument is the parent for the dialog.

Instantiating the menu is easy. For the calculator application, add the fol-
lowing two lines of code to the calculatorview.java source file (put it
in the constructor right under the call to super()):

menu = new CalculatorMenu(Calculator.APPLICATION) ;

setJMenuBar (menu) ;

Do the same for CalculatorApplet.java, except pass In Calculator
.APPLET as the application type to the calculator () constructor:

menu = new CalculatorMenu (Calculator.APPLET) ;

setJMenuBar (menu) ;

That takes care of the calculatorviewer updates. To compile the
changes, simply recompile calculatorapplet.java, which, if you
remember, will compile everything.

javac -d ..\classes com\wkndjavalcalculator\gui\w=
CalculatorApplet.java
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Saving Color Preferences and the Audit Trail

Now you need to handle the menu events. This is a major update for the
Calculator class. The new source code is listed below. Some of the parts
of the calculator class that remain unchanged have been omitted. You'll
see that a big chunk of the calculatorKeyPressed() method and the
entire main () method are not included. The code that is new is shown in

bold.

/*
* Calculator
* The Calculator application

*/
package com.wkndjava.calculator;

import com.wkndjava.calculator.event.*;
import com.wkndjava.calculator.exception.*;

import com.wkndjava.calculator.gui.*;

import java.awt.*;

import java.awt.event.*;
import java.applet.Applet;
import java.io.*;

import javax.swing.*;
import javax.swing.event.*;

import javax.swing.colorchooser.ColorSelectionModel;

public class Calculator implements CalculatorKeypadListener,
ActionListener ({
private CalculatorViewer view;

private CalculatorHelper helper;
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private boolean needNewNumber = false;
private int mode;
public final static int APPLICATION = 1;

public final static int APPLET = 2;

public Calculator(CalculatorViewer ui)

throws CalculatorException {

view = ui;

helper = new CalculatorHelper () ;

view.addCalculatorKeypadListener (this) ;

view.addMenuActionListener (this);

if (view instanceof Frame) {
((Frame)view) .setVisible (true) ;
mode = APPLICATION;

//load saved colors

445

System.out.println(“*Loading saved colors...”);

try {

FileInputStream colorPrefs

= new FileInputStream(“colors.pref”):;

ObjectInputStream colorIn

= new ObjectInputStream(colorPrefs);

DigitalDisplay display

= view.getDigitalDisplay();
display.setBackground (

(Color) colorIn.readObject());
display.setUnlitColor(

(Color) colorIn.readObject());
display.setForeground (

(Color) colorIn.readObject());

colorIn.close():;
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} catch (FileNotFoundException fnfe) {
System.out.println(
“No saved preferences... using defaults”);
} catch (Exception e) {
//quit if any exceptions occur

System.out.println(

“Error occurred... using default colors”);

}

else if (view instanceof Applet) {
mode = APPLET;

}

else throw new CalculatorException (

“CalculatorViewer must be an

+ “instance of either Frame or Applet”);

System.out.println(“The calculator is being started in “
+ (mode == APPLET ? ‘“applet” : “application”)

+ “ mode”);

public void calculatorKeyPressed(CalculatorKeypadEvent event) {

view.updateAuditTrail (helper.getAuditTrail());

public void actionPerformed(ActionEvent event) {
//these events should come from the view’s menu
if (event.getSource() instanceof JMenuItem) {
String selection = (

(JMenuItem)event.getSource()) .getText ()
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if (selection.equals(CalculatorMenu.FILE EXIT)) {
System.exit (0);
}
else 1f (selection.equals(
CalculatorMenu.VIEW_AUDIT_TRAIL)) {
view.showAuditTrail (helper.getAuditTrail()):;
}
else if (selection.equals(
CalculatorMenu.VIEW_COLOR_BACKGROUND)) {

DigitalDisplay display = =
view.getDigitalDisplay () ;

ColorUpdater colorUpd
= new Calculator.ColorUpdater (
ColorUpdater.BG, display.getBackground());
colorUpd.updateColor() ;
}
else if (selection.equals/(
CalculatorMenu.VIEW_COLOR_UNLIT)) {

DigitalDisplay display = =
view.getDigitalDisplay();

ColorUpdater colorUpd
= new Calculator.ColorUpdater (

ColorUpdater .UNLIT, '
display.getUnlitColoxr());

colorUpd.updateColor() ;
}
else if (selection.equals(
CalculatorMenu.VIEW_COLOR_LIT)) {

DigitalDisplay display = =
view.getDigitalDisplay();

ColorUpdater colorUpd
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= new Calculator.ColorUpdater (
ColorUpdater.LIT, display.getForeground()):
colorUpd.updateColor() ;
}
else if (selection.equals(
CalculatorMenu.FILE_SAVE_AUDIT_TRAIL)) {
StringBuffer at
= new StringBuffer (helper.getAuditTrail()):;
String nl = System.getProperty(“line.separator”);
int nlIndex, place = 0;
while ( (nlIndex = at.toString().indexOf(‘\n’,
place)) !'= -1) {
at.replace(nlIndex, nlIndex + 1, nl);

place = nlIndex + nl.length();

try {
FileWriter writer
= new FileWriter (“audittrail.txt”);
writer.write(at.toString());
writer.close();
view.showInfo (
“Saved audit trail as audittrail.txt”);
} catch (IOException e) {
System.out.println(
“Unable to save audit trail: ™
+ e.getMessage()):;

view.showInfo(“Unable to save audit trail”);

}

else if (selection.equals(
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CalculatorMenu.FILE SAVE COLORS)) {
System.out.println(“Saving color preferences...”);
try {

DigitalDisplay display

= view.getDigitalDisplay();
FileOutputStream cp

= new FileOutputStream(“colors.pref”);
ObjectOutputStream colorOut

= new ObjectOutputStream(cp) ;
colorOut.writeObject (display.getBackground()) ;
colorOut.writeObject (display.getUnlitColor());
colorOut.writeObject (display.getForeground()) ;
colorOut.flush();

colorOut.close() ;

view.showInfo (

“Color preferences saved successfully”);
} catch (Exception e) {
System.out.println(
“Unable to save color preferences: “
+ e.getMessage());
view.showInfo (

“Unable to save color preferences”);

private class ColorUpdater implements ChangeListener,
ActionListener {

private final static int BG = 0;
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private
private
private
private
private

private

private ColorUpdater (int whichColor,

final static int UNLIT = 1;
final static int LIT = 2;
int type;

Color initialColor;
JColorChooser chooser;

DigitalDisplay display;

type = whichColor;

Color initial) {

initialColor = new Color(initial.getRGB());

chooser = new JColorChooser(initialColor);

chooser.getSelectionModel () .addChangelListener (this) ;

display = view.getDigitalDisplay():;

public void updateColor() {

JDialog colorDialog

JColorChooser.createDialog ( (Component)view,

“Choose a color”, true, chooser, null,

colorDialog.setVisible(true);

colorDialog.dispose() ;

/* cancel listener for color chooser */

public void actionPerformed(ActionEvent e) {

updateDisplayColor(initialColor);

/* listens for color chooser updates */

public void stateChanged(ChangeEvent e) {

this);
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if (e.getSource() instanceof ColorSelectionModel) {
ColorSelectionModel csm
= (ColorSelectionModel)e.getSource();

updateDisplayColor (csm.getSelectedColor());

private void updateDisplayColor (Color newColor) ({
switch(type) {

case BG:
display.setBackground (newColor) ;
break;

case UNLIT:
display.setUnlitColor (newColor) ;
break;

case LIT:

display.setForeground (newColor) ;

To handle the color changes, you have to import the javax.swing.event
package and the javax.swing.colorchooser.ColorSelectionModel
class and implement the ActionListener interface. To register as a listener
for menu events, you need to call the adamMenuactionListener () method,
pasﬂng this as the ActionListener Ohﬁectin.the Calculator () con-
structor method. Because the calculator allows the colors to be saved,
when the calculator application starts, it looks for any saved colors and, if
the save file is there, uses them. The file that contains these colors is named
colors.pref. A FileInputStream opens to this file. You should expect
Color ObjCCtS to be in the colors .pref file.
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To read in objects, wrap the FileInputStream with a new object
InputStream object, colorin. To read a single object from the file, call
the colorin’s readObject () method. The readObject () method
returns an Object, SO you must cast it to a Color object before setting the
DigitalDisplay’s colors. The order in which the colors.pref file stores
the colors is background color, unlit color, and lit color. The code gets a
reference to the DigitalDisplay component by calling the new get
DigitalDisplay () method that is defined in the calculatorviewer
interface. The colors read in from the file are set to the pigitalbisplay
by calling the appropriate color-setting methods. After the colors are all
set, the objectInputstream should close.

There’s a possibility that the colors.pref file doesn’t exist yet, so you need
to handle the Fi leNotFoundException. If the file isn’t there, Calculator
simply prints a message to standard output and uses the default colors (by
not explicitly setting any). If any other Exception occurs, again, just use
the default colors. calculator only looks for the colors.pref file if the
calculator is running in application mode, as applets can't read files unless
certain steps are taken (which I won't get into here).

The only line added to the calculatorkeyPressed() method updates
the audit trail as keys are pressed so that the AuditTrailview component
displays the most recent updates to the audit trail, as they are made.

The actionPerformed () method is completely new and handles all of the
CalculatorMenu events. Just to be safe, the actionPerformed/() method
checks to make sure that the source of the event is, in fact, a JMenuItem.
If the event source is a JMenuItem, the code sets up a String variable,
called selection, with the menu text. A big if-else statement compares
the menu text against the calcluatorMenu static constants to see which
menu item triggered the event. For example, if the menu item text is
CalculatorMenu.FILE_EXIT, the System.exit () method terminates the
application. The actionPerformed() method handles all of the menu
events, which are for exiting the application, viewing the audit trail,
viewing the colors, saving the audit trail, and saving the color preferences.
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To view the audit trail, The calculator class simply calls calculator
Viewer’s showAuditTrail() method. The helper instance variable,
which is the calculatorHelper object, keeps track of the audit trail, so
you get a copy of it by calling getauditTrail () on helper. To view and
change the colors, calculator uses an inner class called colorupdater.
The actionPerformed () method gets the specified color from the bigital
Display object, creates a new ColorUpdater object, called colorupd,
and puts it to work by calling colorupd.updatecolor (). (I'll explain
exactly how the colorupdater inner class works in a bit. First, [ want to
finish the rest of the menu options.) The calculator class saves the audit
trail in a file named audittrail.txt. If you remember, the audit trail is
built line by line, ending each line with the \n character. That’s fine for
Java programs, but as I mentioned before, line separators are different
among operating systems. To get the line separator for the underlying
operating system, you can make the following method call:

String nl = System.getProperty(“line.separator”);

This method looks at a properties file that is specific to the SDK instal-
lation for your operating system. A properties file ends with the extension
.properties and contains key-value pairs. In this instance, there is a key
called “1ine.separator” whose value is the string that your operating
system uses to separate new lines, such as a new line and/or carriage
return. Before saving the audit trail, the calculator class replaces all of
the \n character occurrences with the line separator string. This will
ensure that new lines are created properly. If you dont do this, and are
running Windows Notepad to view the saved audit trail, you will see
black squares where the line breaks should be. The while loop that does
the replacing uses two variables. The n1Index is used to find the location
of each \n character. The place variable keeps track of where you are in
the audit trail string. You need to do this because the line separator might
itself include a \n character. If the loop didn’t keep track of where it is, it
would infinitely loop as it replaces the first occurrence of \n with another
\n. Once the audit trail is fitted with the line separator strings, the cal-
culator application is ready to save it. A FileWriter object, writer,
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opens to the audittrail.txt file, writes the audit trail text to it, and
then closes the stream. As a convenience to the user, the view pops up a
message dialog to indicate whether the audit trail was saved successfully.

To save the current DigitalDisplay colors, a FileOutputStream opens
to the colors .pref file. An ObjectOutputStream, colorOut, wraps the
FileOutputStream so that it can write objects to the file. colorout
writes the three color objects and then closes the stream. Again, a message
dialog indicates whether the colors were saved.

NOW, I get back to the ColorUpdater inner class. The ColorUpdater
class is responsible for using a JcolorChooser to update the pigital
Display’s three colors. ColorUpdater updates only one color at a time. It
has three constants, BG, UNLIT, and LIT, which are used to indicate which
color to update. Pass in one of these three values to the colorupdater ()
constructor’s first parameter. The constructor saves the given value in the
type variable. The initialcolor variable keeps track of the original color
before the user starts messing with the scolorchooser controls. This vari-
able gets its value from the second argument in the constructor method.
The other two Variables, chooser and display, are the JcolorChooser
component and the DigitalDisplay object, respectively.

The colorUpdater class implements ChangeListener to listen for color
changes. It also implements ActionListener to listen for an event fired
by the gcolorchooser’s Cancel button (triggered by the button being
pressed).

The updatecolor () method opens the JcolorChooser component in a
dialog window in a way similar to the one you learned earlier. To create
the Jpialog object, the updatecolor () method passes view as the
parent component for the dialog, passes true to make the dialog modal,
and passes itself as the cancel listener to the createpialog() method.
The Cancel button listener simply resets the color to the initial color
when the user presses the Cancel button. There is no need to listen for
OK button events because colorUpdater constantly updates the color as
the JcolorChooser components are played with.



Figure 7.4

The calculator
application has the
ability to save the
audit trail.
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Each time the Jcolorchooser changes the color (for example, by sliding
one of the RGB sliders), the statechanged() method is called. Here,
you need to update the pDigitalDisplay color so that you can see the
effects on the calculator screen. To do this, pass the new color, which you
can.getf}onlthc ColorSelectionModel ObﬁxI,to du:updateDisplay
color() method. The updateDisplayColor () method checks which
color to update (BG, UNLIT, or LIT) and calls the appropriate color-setting
method on the display object.

You compile the calculator.java source code like this:
javac -d ..\classes com\wkndjavalcalculator\Calculator.java

At this point, the calculator application is able to do what you need it to
do. The menu system causes the calculator application to behave appro-
priately, and now you can view and save the audit trail, and view, change,
and save the DigitalDisplay colors. Figure 7.4 shows how the audit
trail looks and demonstrates that the calculator application can save the
audit trail text.

Figure 7.5 shows that the color preferences are being saved.

Figure 7.6 shows that the new files, colors.pref and audittrail.txt,
are indeed created for you when you select the appropriate menu options.
A listing of the src directory should include the two new files.

Eg’i.lava Calculator [=[oi] Eﬁhudit Trail Viewer
File View
10.0
EI -I + .0
I 15.0
+ 9.0
MR Mc M+ M-
2.0
e il
Pow i ﬁ Saved audit trail as audittrail.txt
.
4 5
1 2 3 [
0 ~




456

Figure 7.5

If you save your
color preferences,
the calculator
application will
remember them
when you restart
the application.

Figure 7.6

You can see that
the calculator
application really
did create the
new save files.
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File View

@ Message

ﬁ Color preferences saved successfully

C:3\My Documents'wkndjavatchD7?\classes>dir

Uolume in drive C has no label
Volume Serial Humber is 2DA7-3%CA
Directory of C:'My Documents‘wkndjavaichD?iclasses

<DIR> 03-25-02 10:
03-25-02 5
03-25-02 2 calculator.jar
03-1%-02 H mainclass.mf
03-25-02 H com
03-25-02 H audittrail.txt
205 03-25-02 z colors.pref
4 file(s) 32,272 bytes
3 dir(s) 10,106.73 HE free

C:3\My Documents‘wkndjavaichD?vclasses>

The jar Tool

The jar tool is a Java application that groups multiple files together into
a single JAR (Java ARchive) file. The jar tool compresses the files so that
the resulting JAR file uses less disk space than the sum of the individual
uncompressed files use. The jar tool compression is based on ZIP com-
pression. First, you'll learn about the basics of using the jar tool, and
then you’ll move on to JAR the calculator application.
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How to Use the jar Tool

To use the jar tool, you need to run the jar program that is part of the
SDK installation. The actual program file resides in the bin folder, under
the directory where you installed the SDK. If you set up your paTH vari-
able correctly, you should be able to run the jar program from any direc-
tory. To get a quick description of how to use the jar tool, simply type
jar at your command prompt and then press the Enter key. This should
give you a usage summary, along with a listing of options and their cor-
responding descriptions. If you get an error when you type jar, refer to
Friday Evening’s session for information about setting up your path. The
output should look something like this:

Usage: jar {ctxu}[vimOM] [jar-file] [manifest-file] [-C dir] files
Options:

-c create new archive

-t 1list table of contents for archive

-x extract named (or all) files from archive

-u update existing archive

-v generate verbose output on standard output

-f specify archive file name

-m include manifest information from specified manifest file

-0 store only; use no ZIP compression

-M do not create a manifest file for the entries

-1 generate index information for the specified jar files

-C change to the specified directory and include the following

file

If any file is a directory then it is processed recursively.
The manifest file name and the archive file name needs to be
specified in the same order the ‘m’ and ‘f’ flags are

specified.
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Example 1: to archive two class files into an archive called
classes.jar:
jar cvf classes.jar Foo.class Bar.class
Example 2: use an existing manifest file ‘mymanifest’ and
archive all the files in the foo/ directory
into ‘classes.jar’:

jar cvfm classes.jar mymanifest -C foo/

If you want to list the contents of the JAR file, simply type
jar tf classes.jar

You might also need to un-JAR (extract) the file. You can do that with the
-x option, like this:

jar xf classes.jar

If you JAR a directory, the directory structure will remain intact. The jar
tool leaves the original files where they are and just creates copies of them
to archive. Also, when you use the jar tool, it automatically creates a
directory called META-INF for you. This directory holds the MANTIFEST . MF
manifest file, which the jar tool also creates for you. The manifest file is
where meta-information about the archive goes. You'll actually work with
the manifest file when you create the calculator.jar file for the calcu-
lator application.

Creating the calculator.jar File

The calculator application has 25 class files, including the class files that are
created for inner classes. Using the jar tool, you can JAR all of these classes
into a single JAR file. You'll use the jar tool to create the calculator. jar
file. The calculator.jar file will contain everything you need to run
the application; you will actually be able to run the JAR file by itself
(independent of the source files and original class files).

When you run a JAR file, Java needs a way to know which class’s main ()
method to run, so you have to provide that information. How? You add
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this information to the manifest file. The good news is that you dont
have to manually edit the generated ManTFEST.MF file, but you do have
to do a small amount of legwork. You have to create your own manifest
file, name it whatever you want to, provide the information that you
want to add to the manifest file, and then tell the jar tool to include your
information when it creates the MANTFEST. MF file.

To do this, first create a file called mainclass.mf (open a text editor and
save the file as mainclass.mf). The name of the file is actually not impor-
tant, but whatever its name, make sure you remember it. Put the file in
the classes directory, because you'll be archiving the class files. Add the
following line of text in the file:

Main-Class: com.wkndjava.calculator.Calculator

It is very important that you press Enter at the end of the line to insert a
new line. If the last line of a manifest file does not end with a carriage
return, the jar tool will not parse it correctly. The Main-class attribute
of a manifest file specifies which class to run when you run the JAR file.
In this case, you want to start the calculator application using the
com.wkndjava.calculator.Calculator class. The .class extension
must be omitted. Make sure that you save the mainclass.mf file now.

Now, you're ready to run the jar tool to create calculator.jar. Get
into the classes directory and type the following command:

jar cmfv mainclass.mf calculator.jar com

The options you need to use are ¢ to create a new JAR file, m to include
the manifest information you just created, £ to specify the JAR filename,
and v to generate verbose output (just so you can see whats going on).
The m option corresponds to the mainclass.mf file that you created, and
the £ option corresponds to the JAR filename, which is calculator. jar.
The order in which you list these filenames must be the same order as
their corresponding option letters. If the £ came before the m, then you'd
have to list calculator.jar before mainclass.mf. The final argument
to the jar tool is the com directory name. The jar tool will traverse this
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directory and all of its subdirectories and add all of the files they contain
tothecalculator.jarfﬂ&

Now, just to make sure it worked, verify that the calculator. jar file
was created. You should also check its contents by typing the command

jar tf calculator.jar

When you do that, you should get a listing of all the files that the jar
tool added to the calculator. jar file, including their directories. The
listing should look like this:

META-INF/
META-INF/MANIFEST.MF
com/
com/wkndjava/
com/wkndjava/calculator/
com/wkndjava/calculator/Calculator$l.class
com/wkndjava/calculator/Calculator$ColorUpdater.class
com/wkndjava/calculator/Calculator.class
com/wkndjava/calculator/event/
com/wkndjava/calculator/event/CalculatorKeyMap.class
com/wkndjava/calculator/event/CalculatorKeypadEvent.class
com/wkndjava/calculator/event/CalculatorKeypadListener.class
com/wkndjava/calculator/exception/
com/wkndjava/calculator/exception/CalculatorException.class
com/wkndjava/calculator/exception/
DigitalDisplayOverflowException.class
com/wkndjava/calculator/gui/
com/wkndjava/calculator/gui/AuditTrailView.class
com/wkndjava/calculator/gui/CalculatorApplet.class
com/wkndjava/calculator/gui/CalculatorHelper.class

com/wkndjava/calculator/gui/CalculatorKeypad$l.class
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com/wkndjava/calculator/gui/
CalculatorKeypad$ActionEventHandler.class
com/wkndjava/calculator/gui/CalculatorKeypad$KeyEventListener.class
com/wkndjava/calculator/gui/CalculatorKeypad.class
com/wkndjava/calculator/gui/CalculatorMenu.class
com/wkndjava/calculator/gui/CalculatorModel.class
com/wkndjava/calculator/gui/CalculatorView.class
com/wkndjava/calculator/gui/CalculatorViewer.class
com/wkndjava/calculator/gui/DigitalDisplayS$l.class
com/wkndjava/calculator/gui/
DigitalDisplay$DigitalDisplayFormat.class
com/wkndjava/calculator/gui/DigitalDisplay.class
com/wkndjava/calculator/gui/LiquidCrystalComponent.class
com/wkndjava/calculator/gui/LiquidCrystalDigit.class

com/wkndjava/calculator/gui/LiquidCrystalNegative.class

Running JAR Files

Once you have verified that the calculator. jar file is okay, create a new
directory, called jar, at the same level as your src and classes directory.
Then move the calculator.jar file from the classes directory to the
jar directory. Doing this gives you a clean slate on which to test that the
calculator. jar file can be run independently of the original files. Once
you do that, youre ready to run the calculator.jar file, which will start
the calculator application. To run a jar file, specify the main class in the
manifest file, which you already did, use the -jar option of the java
program, and specify the JAR filename. So, to run the calculator.jar
file, use the following command:

java -jar calculator.jar

When you run this command, the calculator application should start up
normally and all of its features should work correctly.
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Using JAR Files from Applets

Towards the beginning of this evening’s session, you broke the calculator
applet by moving the files around to create packages. Just a second ago,
you broke it even more by putting all of the class files into a JAR file. It’s
time to fix it! To fix the package problem, you have to fully specify the
class by adding the package name in front of it. To fix the JAR problem,
you have to specify the JAR filename where the calculatorapplet and
other class files are. Use the archive attribute of the aAppLET tag. The
value of this attribute should be the JAR filename. Your new APPLET tag
needs to look like this:

<APPLET code=’'com.wkndjava.calculator.gui.CalculatorApplet.class’
archive=’calculator.jar’ width=268 height=334>
Your browser does not support applets

</APPLET>

Copy the calculator.html file into the jar directory and make these
changes. Now, when you run the applet using the appletviewer tool or
your internet browser application, it should work. Be sure to note that,
because the file is running as an applet, the File menu should be dis-

abled.

This is a good time to tell you about a major benefit of the jar tool.
When you have an applet and all of the classes it uses together in a JAR
file, you gain certain benefits. The first benefit is that the JAR file is easier
to upload to your Web server as one file is always easier to upload than
many files. Plus, you don’t have to worry about the associated directory
structures. Another benefit you reap is download time. Because the class
files are compressed, they download faster when someone is trying to run
your applet. Not only that, but also because all of the class files belong to
a single JAR file, your whole set of classes can be retrieved using a single
HTTP request/response, which saves time.
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Using the javadoc Tool

The javadoc tool generates HTML API documentation from Java source
files. API stands for Application Program Interface. In fact, the Java Lan-
guage APl Documentation was generated with the javadoc tool. In this
section, you'll learn how to create your own API documentation and how
to use the javadoc tool to generate the HTML documentation for you.

Writing javadoc Comments

In order to prepare to use the javadoc tool, you need to write javadoc
comments in your Java source code files. To write javadoc comments,
you use specialized multi-line comments. Normally, multi-comments

look like this:

/*
This is a comment.
This is another comment.

*/

You start multi-line comments with /* and end them with */. javadoc
comments, on the other hand, use two asterisks after the forward-slash
/** to start the comment and use the same */ to end it.

/**

* This is a javadoc comment.

*/

The javadoc tool looks for these sort of comments when generating the
HTML documents. The text found within javadoc comments will be
included in the API documentation. Because the generated documenta-
tion is in HTML format, you can include HTML tags inside javadoc
comments to format the generated text however you like.
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javadoc Tags

When you write javadoc comments, you can include special tags, which
the javadoc tool parses for you to perform special tasks. Table 7.7 lists
the javadoc tags that the calculator application source files use. (For a
description of the other tags and a rather lengthy description about using
the javadoc tool, refer to the “Tools” section of the Java API Documen-
tation.) Comments that apply to the class as a whole go directly above the
class declaration line. Comments that are specific to members or methods
go directly above the corresponding methods or members.

TABLE 7.7 JAVADOC TAGS

javadoc Tag Syntax Description
@author @author name Specifies the author’s name.
{@link} {@link package.class#member label} Adds an HTML link to the

specified class or member
using the given label.

@param @param name description Adds a description for the
specified method parameter.

@return @return description Adds a description for the
returned value of a method.

@see @see package.class#member label Adds a “See Also” label and
a link to the specified class
or member.

@throws @throws class-name description Adds an entry for an excep-

tion, specified by class
name, that a method throws
using the given description.

@version @version version-info Adds version information so
you can specify version
numbers for classes.
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I've included an example that uses javadoc comments with javadoc
tags. The following code snippet is the javadoc comments for the set
Doublevalue () method of the DigitalDisplay class. Only the method
signature is provided (not the entire method), but the whole javadoc
comment is listed.

/**

* Sets the display value to the given <code>double</code>.
* Calling this method does not repaint the new number.

* To display this number, you should call

* {@link #updateDisplay() <code>updateDisplay()</code>}
* @param dValue The number to display

* @throws DigitalDisplayOverflowException if the given
* number is too

* large to be displayed by this <code>DigitalDisplay</code>

* @see #updateDisplay()
*/
public void setDoubleValue (double dvalue) throws

DigitalDisplayOverflowException {

The first line of a javadoc comment is used as the summary description
for whatever appears underneath the comment. The entire comment is
used as the full description. You can see that I used an HTML tag, called
code. This tag uses a monospace font to distinguish code words from
regular words. I also used the following javadoc tags: {@link}, @param,
@throws, and @see. In the {@link} and esee tags, I didn’t have to specify
the package name or class name because I'm linking to elements within
the same class. Figure 7.7 shows what the generated HTML documents
look like for this javadoc comment.
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Figure 7.7

The generated
javadoc
documentation for
the setDouble
Value () method
looks like this when
you view it with
Microsoft Internet
Explorer.

3 Calculator Application APl Documentation - Microsoft Internet Explorer

File Edt Yiew Favoites Took Help | Links [ llocalkhost _Jmusic bl _Joames | ljava _|other ‘
Rack - = - (D [@ | | Adsress [€] CMy Documentswkndiavahappendinbidocstindex il e
2| setDoubleValue =
All Clagses
public wvoid setDoubleValue (double dValue)
Packages throws DigitallisplayCverflowException
com whndjava calculator
cotihad vatalcalateed Sets the display value to the given doub e Calling this method does not repaint the new
Sk e e number. To display this number, you should call updarebisplay
Ll f fl _>i—| Parameters:
Calculafor ] dvalue - The number to display
CalculaterApplet Throvws:
CaleulatorException DigitalDisplayOverflowException - ifthe given number is too large to be
CalculatorHelper displayed by this DigitalDisplay
CalculatorE eyllap See Also:
CaleulatorE evpad updatebisplay()
CaleulatorE eypadEvent
CaleulatorKeypadlisien:
Calculatorlfenu
CaleulatorModel getDoubleValue
CalculatorView
CalculatorViewer public double getDoubleValue (]
DigitalDisplay JI
DisitalDisolavOverflowEs Returns the current number
LiguidCrystal C omp enent Returns:
T i Crystal The current number
LiqudCrystallegative | |
l S T | ﬂJ
g" ’7 ’7’7 ! My Computer

Running the javadoc Tool

Like the jar tool, the javadoc tool’s program file is located in the Java
bin file, which should be included in your paTs by now so that you can
run it from any directory. To run the javadoc tool, use the javadoc
command at your command prompt. To run the javadoc tool over one
or more packages, do this:

javadoc [options] package-names

You use options to affect the way javadoc generates your documentation.
Four commonly used options are listed here:
»  -d. Specifies the output directory for the generated documentation.

» -windowtitle. Specifies the main title for the generated documen-
tation.
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» -author. Includes the author information specified by the @author
tags.
» -version. Includes the version information specified by the

@version tags.

javadoc comments are not used to specify package documentation.
Instead, if you want to have a description for each package, you have to
create a file named package.html in each individual package. The
package.html file should be in the same directories as the .java source
files. Each package.html file should contain HTML code, including a
BODY tag. The javadoc tool will insert everything that it finds between
the opening and closing body tags (<Boby> and </BoDY>) into the gener-
ated documentation as the package descriptions. For example, here are
the contents of the package.html file for the com.wkndjava.calculator
package, located in the com\wkndjava\calculator\ folder.

<body>
Contains the Calculator application main file

</body>

If you are up to adding the javadoc comments, take a look at Appendix B
(which you can find on the Web at http://www.premierpressbooks.
com/downloads.asp). Appendix B lists the full source code for all the cal-
culator application programs, including the javadoc comments. Here is
the command that runs the javadoc tool over all of the calculator appli-
cation’s packages (the -a comment specifies a directory named docs, so
make sure you create that directory before running this command):

javadoc -d docs -windowtitle “Calculator Application APIw
Documentation” -author -version com.wkndjava.calculatorw
com.wkndjava.calculator.event com.wkndjava.calculator.exceptionw
com.wkndjava.calculator.gui

After you run this command, you can take a look through the generated doc-
umentation by opening your browser and viewing the docs\index.htm1 file.



468

Learn Java In a Weekend

Wrapping Up

This evening, you learned some advanced Java concepts. First, you
learned about packages. You learned how to create packages and how
access modifiers affect how classes can access other classes. You applied
this knowledge to package the calculator application. Next, you learned
about the java.io package and you learned how to read and write files
and serialize objects. After that, you created a menu system for the calcu-
lator application using the JcolorChooser component and applying
what you learned about the java.io package to save the audit trail and
color preferences. You also learned about the jar tool. You archived the
calculator application and learned how to run it from the command line.
Finally, you learned how to use the javadoc tool to generate HTML doc-
umentation for the calculator application code.

Congratulations! Youve completed the book. Hopefully, you learned a
great deal from this book in a short amount of time. If you used this book
to prepare for an interview or an exam, I wish you good luck. At this
point, youre on track to start writing your own programs or to start
learning even more advanced Java programming. Whatever you do next
in life, just make sure you have fun.

The stars appear every night in the sky. All is well.
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documentation. See javadoc tool
operating systems, 6
programs, 6
Swing, 291-295
appendDecimal method, 325
appendDigit method, 325
appendDisplayDecimal method, 359
appendDisplayDigit method, 359
Applet class methods, 379-381
APPLET constant, 376
<applet> tag, 27-28, 381-383
attributes, 383

469

applets
jar tool, 462
overview, 378-379
panels comparison, 381
parameters, passing, 383-385
running, 28-30
security, 25
Swing, 387-390
testing, 29
writing, 25-26
appletviewer tool, 29, 385-386
APPLICATION constant, 376
application exceptions, 313-314
application programming interfaces.
See APIs
applications, Swing/AWT comparison, 295
archiving. See jar tool
arcs, 258-261
args[] array, 143-144
ArgsTest program, 143-144
arguments. See also parameters
() parentheses, 23
args[] array, 143-144
boolean, 199
command-line, 141-143
methods, 63-64
overloading, 84
str, 266-268
verbose, 141-142
ArrayIndexOutOfBoundsException
exception, 313
arrays. See also variables
args(], 143-144
declaring, 54
elements, 56-58
initializing, 54-56
litPattern[], 284-285
multidimensional, 59-61
size, 55
values, troubleshooting, 56
ArrayTest program, 56-58
assembly languages, 4
assigning floating point literals, 47
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asterisks (*), 21-22
attributes
<applet> tag, 383
HTML tags, 382
length, 55
modifiers, 76
audit trail (Calculator), 434-436, 444-456
auditTrail method, 165
AuditTrailView class, 434-436
autoexec.bat file, 11, 413
Automobile class, 71-73
AutomobileTest class, 74
AWT (Abstract Windowing Toolkit),
180, 407-408
API documentation, 223
event handling, 181-182
GUI, 180-181
components, 245-246
operating systems, 182
layout managers
BorderLayout, 225-226
CardLayout, 233-236
FlowLayout, 223-225
GridBagLayout, 228-233
GridLayout, 226-228
overview, 223
Swing comparison, 295

B

b (backspace escape code), 40
<b> tag, 27
backspace escape code (\b), 40
.bat filename extension, 10
batch files, 10
binary data, 422
bits (primtive data types), 35
blank lines, 22
<body> tag, 28, 382
boolean argument, 199
boolean data type, 37-38
Boolean literals, 41
Boolean logical operators, 104-107
boolean primitive data type, 35-36
Boolean values, 35-36
primitive data types, 35-36
reversing, 107-108
BorderLayout layout manager, 195,
225-226
BorderLayoutTest program, 225-226
braces ({}), 23, 138
break statement, 118, 121-122, 139-141

breaking loops, 139-141
browser, HotJava, 5
BufferedInputStream class, 420
BufferedOutputStream class, 420
BufferedReader class, 421, 423
Buffered Writer class, 421
buffers, data, 423
buildLitPattern method, 273, 277-286
Button component, 191-193
Button object, 222
buttons
CheckboxGroup objects, 201-204
Swing, 292
ButtonTest program, 191-193
byte code files, 5
byte primitive data type, 35-36
Byte.parseByte method, 145

C

calcModel variable, 93
Calculator
audit trail, 434-436
audit trails, 444-456
event handling, 341
menus, 436-441
packages, 414-416
directories, 416-419
recompiling, 416-419
Calculator class
color, 444-456
updating, 372-378
calculator.jar file, 458-461
CalculatorApplet class, 386-390
CalculatorException class, 314-315
CalculatorHelper class, 90
source code, 92-93
updating, 164-171, 365-372
CalculatorHelper instance, 376
CalculatorHelperTest class, 93-95
CalculatorHelperTest program, 173
CalculatorKeyMap class, 347-352
CalculatorKeyMap.map method, 358
CalculatorKeyPad class, 237-241, 353-358
CalculatorKeypad component, 296-299,
328-330
CalculatorKeypadEvent class, 342-346
CalculatorKeypadListener interface, 345-
346, 376-377
CalculatorKeypadTest program, 240-241
calculatorKeyPressed method, 345, 377,
444, 452

CalculatorMenu class, 436-441
CalculatorModel class, 90, 174-175
source code, 90-92
updating, 160-164, 361-364
CalculatorModel NONE constant, 365
CalculatorModelStateTest program,
174-175
CalculatorTest program, 171-173
CalculatorView class, 328-330, 358-361
CalculatorViewer class, 346-347
CalculatorViewer interface, 346-347, 387
updating, 441-443
calendar (GregorianCalendar class),
155-157
calling methods, 64-67
Canvas component, 204-207
CanvasMouseTest program, 204-207
CardLayout AWT layout manager,
233-236
CardLayout method, 236
CardLayoutTest program, 233-236
carriage return escape code (\r), 40
case statement, 121-122
casting data types, 45-47
catch keyword, 305
<center> tag, 382
char data type, 37-38
char primitive data type, 35-36
characters
escape codes, 39-40
primitive data types, 35-36
strings, 41-42
Unicode literals, 39
variables, 43
charAt method, 87
checkboxes (Swing), 292
CheckboxGroup objects, 201-204
CheckboxTest program, 201-204
chmod command, 13
Choice class, 199
Choice component, 196-200
ChoiceList program, 196-199
ChoiceListTest program, 196-200
ChoiceTest program, 196-199
class keyword, 69-70
class methods, 78-80
class reserved word, 23
class variables, 78-80
classes
{} braces, 23
abstract, 272
adapter, 302



Applet, 379-381
AuditTrailView, 434-436
Automobile, 71-73
AutomobileTest, 74
BufferedInputStream, 420
BufferedOutputStream, 420
BufferedReader, 421-423
BufferedWriter, 421
Calculator

color, 444-456

updating, 372-378
CalculatorApplet, 386-390
CalculatorException, 314-315
CalculatorHelper, 90

source code, 92-93

updating, 164-171, 365-372
CalculatorHelperTest, 93-95
CalculatorKeyMap, 347-352
CalculatorKeyPad, 237-241, 353-358
CalculatorKeypadEvent, 342-346
CalculatorMenu, 436-441
CalculatorModel, 90, 174-175

source code, 90-92

updating, 160-164, 361-364
CalculatorView, 328-330, 358-361
CalculatorViewer, 346-347
Choice, 199
class keyword, 69-70
class methods, 78-80
class variables, 78-80
collection, 151-155
Color, 246-249
ColorSelectionModel, 451
Component, 190

overriding, 271
constructors, multiple, 83-84
Container, 190
Date, 155-157
DateFormat, 157
DecimalFormat, 149-150
declaring, 23
defining, 69-70
DigitalDisplay, 313-324
encapsulation, 68-69
EOFException, 421
EventObject, 150
events, user-initiated, 181
Exception, 304
File, 421, 426
FileInputStream, 421
FileOutputStream, 421
FileReader, 421

FileWriter, 421
Frame, 182-184
Graphics, 272. See also graphics
GregorianCalendar, 155-157
GridBagConstraints, 228-233
GUIFrame, 184-188
inheritance, 80-86

multiple, 341
inner, 299-303

anonymous, 300-303

event handling, 301-303
InputStream, 421-425
InputStreamReader, 421, 423
Integer, 145
interfaces, 337-339
IOException, 421
ItemEvent, 196-200
JApplet, 387-390
java.applet.Applet, 378
java.awt.SystemColor, 187
java.io package, 420-421
JColorChooser, 454
JDialog, 434-436
KeyEventListener, 358
LiquidCrystal Component, 272-278
LiquidCrystalDigit, 273, 276
LiquidCrystalNegative, 276
Math, 146-150
Menu, 436-441
modifiers, 76-80
MouseEvents, 204-207
ObjectlnputStream, 421
ObjectOutputStream, 421
OOP, 8
OuterClass, 300
OutputStream, 421
packages

access modifiers, 409-411

declaring, 411-413
PrintStream, 420-421
Random, 157-159
Reader, 421-422
RuntimeException, 312-314
Serializable, 420
String, 41-42

methods, 86-90
subclasses, 80-86
Swing, 181
SystemColor, 248-249
TextComponent, 193-196
TextEvent, 193-196
TextListener, 193-196

Index EWAR

Thread, 392-393
Runnable interface, 394-395
Toolkit, 188
Truck, 81-83
‘WindowAdapter, 302-303
WindowEvent, 186-187
Writer, 421-422
~classpath option, 413
CLASSPATH variable, 413
clear method, 152
clearPattern method, 278, 285
close method, 425
code. See source code
codes (escape), 39
collection API, 150-155
collection classes, 151-155
Collection interface, 151-155
methods, 152-153
collection, TreeSet, 154
CollectionTest program, 153-155
color
alpha values, 247
Calculator class, 444-456
DigitalDisplay, 428-433
graphics, 246-249
HSB, 429
opacity, 247
rectangles, 255
RGB, 247, 429
swatches, 429
Color class, 246-249
ColorSelectionModel class, 451
ColorUpdater method, 454
com.wkndjava.calculator package, 414-
416
command-line arguments, 141-142
args(] array, 143-144
passing, 142-143
commands
chmod, 13
DOS
cr, 10
SET, 11
Export, 14
java, 142
options, 419
java HelloWorld, 20
java JavaMainClass, 20
java -version, 14
javac, 15, 18, 413
options, 419
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comments
* (asterisks), 21-22
/1 (single-line), 22
javadoc, 463
comparing
objects, 101, 108-109, 126-130
strings, 126-130
comparison operators, 101-103
compiled programming languages, 5
compiler
SDK, 9
tools, 16
compiling. See also javac
Hello World program, 17-19
compliment operator (), 107-108
Component class, 190
overriding, 271
components. See also events
AWT, 245-246
Button, 191-193
CalculatorKeypad, 328-330
Swing, 296-299
Canvas, 204-207
Choice, 196-200
Label, 189-191
lightweight
functionality, 271
overview, 271
LiquidCrystalDigit, 278-291
LiquidCrystalNegative, 286-291
List, 196-200
Scrollbar, 214-217
ScrollPane, 217-218
Swing, 292, 295
JColorChooser, 428-433
TextArea, 193-196
TextField, 193-196
concat method, 87
concurrent threads, 397-403
ConcurrentSynchronized Thread Test
program, 401-403
ConcurrentThreadTest program, 397-403
conditional operators
AND (&&), 103-105
OR (1), 103-105
ternary, 123-126
conditional statements
if, 110-113
if-else, 113-117
overview, 99-100
switch, 118-123
ternary, 100

ConditionalTest program, 124-126
constants

APPLET, 376

APPLICATION, 376

CalculatorModel. NONE, 365
constructor methods, 70-76
constructors, defining multiple, 83-84
Container class, 190
Container object, 212-214
contains method, 152
containsAll method, 152
continue statement, 139-141
continuing loops, 139-141
converting

CalculatorKeypad component to

Swing, 296-299

data types, 145

primitive data types, 42
cr DOS command, 10
createDialog method, 430-431
Curl+C escape sequence, 135

D

data
binary, 422
buffers, 423
streams, 422
variables, 42-47
data types. See also primitive data types
boolean, 37-38
casting, 45-47
char, 37-38
double, 37-38
float, 37-38
floating-point, 35-36
hexadecimal, 37-38
int, 37-38
long, 37-38
null, 37-38
octal, 37-38
parsing, 145
primitive data types, 34-36
programs, 34
data values. See values
databases (SQL), 408
Date class, 155-157
Date object, 157
DateFormat class, 157
DateTimeTest program, 156
debugging. See also exception handling
verbose argument, 141-142

DecimalFormat class, 149-150
decimalPoint variable, 279
declaring

arrays, 54

classes, 23

packages, 411-413

methods, 63-64

variables, 42-43
default statement, 121
defining

classes, 69-70

constructors, 83-84

interfaces, 335-336, 339-340
destroy method, 379
dialog logical font name, 268
dialog windows, 218-223

Swing, 292
dialoginput logical font name, 268
DialogTest program, 219-223
digit variable, 279
DigitalDisplay class, 313-324

color, 428-433
DigitalDisplayTest program, 324-328
digitToDisplay parameter, 284
Dimension object, 213. See also size
directories

Calculator, 416-419

jre/lib, 268
dispose method, 186
divide method, 65-67, 93
documentation. See also javadoc tool

AWT API, 223
DoLoopTest program, 138-139
DOS commands

cr, 10

SET; 11
double data type, 37-38
double literals, 47
double primitive data type, 35-36
double variables, 91
Double.parseDouble method, 145-146
do-while loops, 137-139
draw3DRect method, 253-256
drawArc method, 259-261
drawlmage method, 268-272
drawing. See graphics
drawLine method, 249-251
drawOval method, 258-261
drawPolygon method, 261-265
drawPolyline method, 264-265
drawRect method, 251-256
drawRoundRect method, 256-258



drawString method, 265-268
DrawStringTest program, 266-268

E

editor, TextPad, 16
elements, arrays, 56-58
else keyword, 113-117
EMPTY variable, 279
encapsulation
classes, 68-69
modifiers, 76-80
objects, 68-69
endsWith method, 87
EOFException class, 421
equals method, 87, 101, 108-109,
127-130, 152
equalsIgnoreCase method, 87
error handling
CalculatorKeyMap class, 347-352
CalculatorKeyPad class, 353-358
mapping events, 348-352
escape codes, 39
backslash (\\), 40
backspace (\b), 40
carriage return (\r), 40
double quote (%), 40
form feed (\f), 40
literals, 40
newline (\n), 40
single quote (\), 40
tab (\t), 40
escape sequence (Ctrl+C), 135
event handling. See also events
adapter classes, 302
anonymous inner classes, 301-303
AWT, 181-182
Button component, 191-193
Calculator, 341
CalculatorKeypadEvent class, 342-346
EventObject class, 150
events. See also components; event
handling,
ActionEvent, 212, 222
actions, 212
AdjustmentEvents, 214-217
frames, 186-187
mapping, 348-352
menus, 444-456
user-initiated, 181
Exception class, 304
exception handling, 304-315.
See also debugging

application exceptions, 313-314
CalculatorException class, 314-315
stack traces, 304-305
exceptions
ArrayIndexOutOfBoundsException,
313
InterruptedException, 310-312,
396-397
NumberFormat, 313-314
NumberFormatException, 305
overview, 304
throwing, 309-312
UnsupportedOperationException, 151
wrapping, 305-309
ExceptionTest program, 307-309
exclusive OR operator (XOR), 104
Export command, 14
extends keyword, 81-83
extension (.bat), 10

F

f (form feed escape code), 40
false value, 35-36
File class, 421, 426
File method, 425
FileCopyTest program, 425-428
FileInputStream class, 421
filename extensions (.bat), 10
FileOutputStream class, 421
FileReader class, 421
FileReader method, 427-428
files
autoexec.bat, 11, 413
batch, 10
byte code, 5
calculator.jar, 458-461
running, 461
directories, 416-419
font.properties, 268
HelloWorld.class, 18-19
HelloWorld.java, 18-19
1/0, 419-421
reading, 425-428
writing, 425-428
paths, 426
source code, 5
HelloWeb.java, 25-26
Swing, 292
text, 5
FileWrriter class, 421
FileWriter method, 428

Index

fillArc method, 260-261
fillOval method, 258-261
fillPolygon method, 261-265
fillPolyline method, 264-265
fillRect method, 252-253
fillRoundRect method, 256-258
FILO (First In Last Out) lists, 304
final keyword, 279
finally keyword, 305
float data type, 37-38
float primitive data type, 35-36
Float.parseFloat method, 145
floating-point data type, 35-36
floating point literals, assigning, 47
flow (loops), 139-141
FlowLayout AWT layout manager, 223-225
FlowLayoutTest program, 223-225
Font method, 267
font.properties file, 268
fonts. See strings; text
for loops, 130-135
ForcedExceptionHandlingTest program,
310-312
ForLoopTest program, 132-135
form feed escape code (\f), 40
Forte, 16
fractional portion (real numbers), 35-36
Frame class, 182-184
frames. See also windows
events, 186-187
hiding, 183-184
size, 183-184
Swing, 292
titles, 183-184
friendly access modifier, 409-411
functionality
encapsulation, 68-69
lightweight components, 271
subclasses, 80-86
functions. See methods

G

generating random numbers, 157-159
get method, 77

getAppletlnfo method, 379
getAudioClip method, 379
getAuditTrail method, 453
getBackground method, 277
getCodeBase method, 379

getColor method, 431
getContentPane method, 293
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getDefaultToolkit method, 268-271 GridBagConstraints class, 228-233
getDigit method, 284 GridBagLayout AWT layout manager,
getDigitalDisplay method, 441 228-233 Huggable interface, 335-336
getDisplayValue method, 359 GridBagLayoutTest program, 228-233 HuggableTest program, 337-339
getDocumentBase method, 380 GridLayout AWT layout manager, 226-228 Hypertext Markup Language. See HTML

<html> tag, 28, 382
hug method, 335-336

getDoubleValue method, 325-326
getErrorString method, 326
getForeground method, 277
getlmage method, 268-271, 380
getIntAt method, 326

getltem method, 199-200
getltemSelectable method, 199
getLabel method, 358
getMinimumSize method, 278
getModifiers method, 206
getMotherOfAllPanels method, 214
getMyNum method, 125
getName method, 398
getNumDigits method, 325
getOperand1 method, 91
getOperand2 method, 92
getParameter method, 380, 383
getParameterInfo method, 380
getParent method, 222
getPieceColor method, 278, 286
getPoint method, 206

getPreferredSize method, 213-214, 278

getSelectionModel method, 432
getSource method, 193, 199, 358
getStateChange method, 203
getStateChanged method, 200
getText method, 195
getUnlitColor method, 277
getValue method, 325
graphical user interface. See GUI
graphics. See also GUI

arcs, 258-261

color, 246-249, 255

images, 268-271

lines, 249-251

ovals, 258-261

polygons, 261-265

polylines, 261-265

rectangles, 251-256

round rectangles, 256-258

strings, 265-268
Graphics class, 246, 272
greater than operator (>), 100-103

greater than or equal to operator (>=),

100-103
Green Project, 5
GregorianCalendar class, 155-157

GridLayoutTest program, 226-228
grids, 59-61

GUI (graphical user interface), 25. See

also graphics; interfaces
AWT, 180-181
components, 245-246
operating systems, 182
overview, 180
GUIFrame class, 184-188
GUIFrameTest program, 188-189

H

<h1> tag, 28, 382
handling events. See event handling
hasDecimalPoint method, 284
hashCode method, 152
hasNext method, 155
<head> tag, 382
Hello World program, 16
compiling, 17-19
running, 20
source code, 16-17
HelloWeb.java, 25-26
HelloWorld.class file, 18-19
HelloWorld.java file, 18-19
HelloWorldBad.java program, 19
helper variable, 376
hexadecimal data type, 37-38
hiding frames, 183-184
high-level languages, 4
HotJava Web browser, 5
HSB, 429

HTML (Hypertext Markup Language),

379

tags, 27-28, 381-383
<applet>, 27-28, 381-383
attributes, 382-383
<b>, 27
<body>, 28, 382
<center>, 382
<hl>, 28, 382
<head>, 382
<html>, 28, 382
<param>, 383-385
<title>, 382

writing, 27-28

1/O (input/output). See also java.io
package
files, 419-421
reading, 425-428
writing, 425-428
InputStream class, 422-425
streams, 420, 422
IDE (Integrated Development
Environment), 16
if statement, 100, 110-113
if-else statement, 113-117
IfElseTest program, 114-115
IfElseTest2 program, 116-117
IfTest program, 111
ImageObserver interface, 269
images (graphics), 268-271
ImageTest program, 269-271
implementing interfaces, 336-340
implements keyword, 186
increment operator (++), 50-51
independence, platform, 6
indexOf method, 87
infinite loops, 135
inheritance, classes, 80-86, 341
init method, 380-381
initializing arrays, 54-56
inner classes, 299-303
anonymous, 300-301
event handling, 301-303
input. See I/O
InputStream class, 421-425
InputStreamReader class, 421, 423
installing SDK, 9-15
Linux, 13-14
Solaris, 12-13
troubleshooting, 14-15
Windows, 9-12
instance methods, 78-80
instance variables, 78-80
offColor, 276
instanceof operator, 108-109
instances (CalculatorHelper), 376
int data type, 37-38
int primitive data type, 35-36



integer bitwise operators, 104-107
Integer class, 145
integer operators (bitwise), 104-107
Integer.parselnteger method, 145
integers (primitive data types), 35-36
Integrated Development Environment
(IDE)
Intel SDK, installing, 12-13
interfaces. See also APIs; GUI
ActionListener, 193, 211, 299
AdjustmentListener, 217
advantages, 340-341
CalculatorKeypadListener, 345-346,
376-377
CalculatorViewer, 346-347, 387
updating, 441-443
classes, 337-339
Collection, 151-155
methods, 152-153
defining, 335-336, 339-340
Huggable, 335-336
ImageObserver, 269
implementing, 336-340
ItemListener, 196-200
ItemSelectable, 199
look and feel, 295
MouseListener, 211-212
overview, 333-335
Runnable, 394-395
Serializable, 420
TextListener, 199
Throwable, 304
WindowListener, 186-187, 303
methods, 187
interpreters, platforms, 7
interrupt method, 396-397
InterruptedException exception, 310-312,
396-397
IOException class, 421
isDigitValid method, 284
isEmpty method, 152
isOpBinary method, 160, 361, 365
ItemEvent class, 196-200
ItemListener interface, 196-200
ItemSelectable interface, 199
ItemSelectable object, 200
itemStateChanged method, 199-200, 203
iterating loops, 131
iterator method, 152, 155

J

JApplet class, 387-390
jar tool (Java ARchive)
applets, 462
calculator.jar file, 458-461
overview, 456-458
running files, 461
Java
acronym, 5
Netscape Navigator support, 6
Web site, 188
Java ARchive. See jar tool
java command, 142
options, 419
java compiler. See javac
java HelloWorld command, 20
java JavaMainClass command, 20
Java Runtime Environment (JRE), 25
java -version command, 14
Java Virtual Machine (JVM), 7, 9
java.applet.Applet class, 378
java.awt package. See AWT
java.awt.event package, 181
java.awt.SystemColor class, 187
java.io package, 419-421. See also 1/0
java.lang package, 146, 304, 407
java.sql package, 408
java.util package, 150, 155-157
javac (java compiler), 26
command, 15, 18, 413
options, 419
javadoc comments, 463
javadoc tags, 464-466
javadoc tool, 463-467
javax.swing package, 291-295. See also
Swing
JButton Swing component, 292
JColorChooser class, 454
JColorChooser component, 428-433
JDialog class, 434-436
JRE (Java Runtime Environment), 25
jre/lib directory, 268
JScrollPane method, 435
JTextField method, 435
JVM (Java Virtual Machine), 7, 9

K

keyboard shortcuts, 212
KeyEventListener class, 358

Index

keywords
abstract, 272
catch, 305
class, 69-70
else, 113-117
extends, 81-83
final, 279
finally, 305
implements, 186
modifiers, 76-80
new, 55
private, 76-80
protected, 76-80
public, 76-80
static, 73, 78-80
synchronized, 401
throw, 305
throws, 305
try, 305

L

Label component, 189-191
Label method, 190
LabelTest method, 190
LabelTest program, 190-191
languages
assembly, 4
procedural programming languages, 7
programming, 4-5
layout managers (AWT)
BorderLayout, 195, 225-226
CardLayout, 233-236
FlowLayout, 223-225
GridBagLayout, 228-233
GridLayout, 226-228
overview, 223
length, attributes, 55
length method, 87
less than operator (<), 100-103
less than or equal to operator (<=), 100-103
levels (Swing), 292
lightPattern method, 277, 285
lightweight components, 271
lines
blank, 22
graphics, 249-251
polylines, 261-265
LineTest program, 249-251
Linux, installing SDK, 13-14
LiquidCrystalComponent class, 272-278
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LiquidCrystalDigit class, 273, 276

LiquidCrystalDigit component, 278-291

LiquidCrystalDigitTest program, 288-291

LiquidCrystalNegative class, 276

LiquidCrystalNegative component,
286-291

LiquidCrystalNegativeTest program,
288-291

List component, 196-200

List method, 199

listeners, registering, 193

lists, FILO, 304

literals
Boolean, 41
double, 47

double quotes, 39

escape codes, 40

floating point, 47

null, 41

primitive data types, 38

primitive data values, 36-41

single quotes, 39

Unicode characters, 39
litPattern(] array, 284-285
litPattern[] variable, 276
logical AND operator (&), 104-107
logical compliment operator (!), 107-108
logical font names, 268
logical operators (Boolean), 104-107
logical OR operator (1), 104-107
logical XOR operator (#), 104-107
long data type, 37-38
long primitive data type, 35-36
Long.parseLong method, 145
look and feel, 295
loops

breaking, 139-141

continuing, 139-141

do-while, 137-139

for, 130-135

infinite, 135

iterating, 131

nesting, 134-135

overview, 99-100, 130

troubleshooting, 135, 141

while, 135-137, 428

low-level languages, 4

M

main method, 23, 65-67, 142, 144
main threads, 392

managers. See layout managers
map method, 348-352
mapping events, 348-352
Math class methods, 146-150
Math.abs method, 147
Math.acos method, 147
Math.asin method, 147
Math.atan method, 147
Math.ceil method, 147
Math.cos method, 147
Math.exp method, 147
Math.floor method, 147
Math.log method, 147
Math.pow method, 147
Math.random method, 112, 147, 150, 157
Math.round method, 147
Math.sin method, 147
Math.sqrt method, 147
Math.tan method, 147
Math.toDegrees method, 147
Math.toRadians method, 147
mathematical operations, 48-53
precedence, 52-53
MathTest program, 146-150
mdas (multidimensional arrays), 59-61
memory, primtive data types, 35
Menu class, 436-441
Menu objects, 207-212
MenuBar object, 207-212
Menultem objects, 207-212
menus
Calculator, 436-441
events, 444-456
Swing, 292
MenuShortcut object, 211
MenuTest program, 207-212
methods
abstract, 272
actionPerformed, 193, 211, 222,
431, 452-453
add, 65-67, 93, 152-153, 190, 398
addActionListener, 193
addAll, 152
addCalculatorKeypadListener, 346,
358-359, 377
addSeparator, 211
addTax, 64-67
addWindowListener, 186, 303
adjustmentValueChanged, 217
appendDecimal, 325
appendDigit, 325

appendDisplayDecimal, 359
appendDisplayDigit, 359
Applet class, 379-381
arguments, 63-64

buildLitPattern, 273, 277-286

Byte.parseByte, 145

CalculatorKeyMap.map, 358
calculatorKeyPressed, 345, 377, 444,

452
calling, 64-67
CardLayout, 236
charAt, 87
class methods, 78-80
clear, 152
clearPattern, 278, 285
close, 425

Collection interface, 152-153

ColorUpdater, 454
concat, 87
constructor, 70-76
contains, 152
containsAll, 152
createDialog, 430-431
declaring, 63-64
destroy, 379
dispose, 186
divide, 65-67, 93
dot notation, 74

Double.parseDouble, 145-146

draw3DRect, 253-256
drawArc, 259-261
drawlmage, 268-272
drawLine, 249-251
drawOval, 258-261
drawPolygon, 261-265
drawPolyline, 264-265
drawRect, 251-256
drawRoundRect, 256-258
drawString, 265-268
endsWith, 87

equals, 87, 101, 108-109, 127-130,

152
equalsIgnoreCase, 87
File, 425
FileReader, 427-428
FileWriter, 428
fillArc, 260-261
fillOval, 258-261
ﬁllPolygon, 261-265
fillPolyline, 264-265
fillRect, 252-253
fillRoundRect, 256-258



Float.parseFloat, 145
Font, 267

get, 77

getAppletlnfo, 379
getAudioClip, 379
getAuditTrail, 453
getBackground, 277
getCodeBase, 379
getColor, 431
getContentPane, 293
getDefaultToolkit, 268-271
getDigit, 284
getDigitalDisplay, 441
getDisplayValue, 359
getDocumentBase, 380
getDoubleValue, 325-326
getErrorString, 326
getForeground, 277
getlmage, 268-380
getlntAt, 326

getltem, 199-200
getltemSelectable, 199
getLabel, 358
getMinimumSize, 278
getModifiers, 206
getMotherOfAllPanels, 214
getMyNum, 125
getName, 398
getNumDigits, 325
getOperand1, 91
getOperand2, 92
getParameter, 380, 383
getParameterInfo, 380
getParent, 222
getPieceColor, 278-286
getPoint, 206

getPreferredSize, 213-214, 278

getSelectionModel, 432
getSource, 193, 199, 358
getStateChange, 203
getStateChanged, 200
getText, 195
getUnlitColor, 277
getValue, 325
hasDecimalPoint, 284
hashCode, 152

hasNext, 155

hug, 335, 336

indexOf, 87

init, 380-381

instance methods, 78-80
Integer.parselnteger, 145

interrupt, 396-397
isDigitValid, 284

isEmpty, 152

isOpBinary, 160, 361, 365
itemStateChanged, 199-200, 203
iterator, 152, 155
JScrollPane, 435
JTextField, 435

label, 190

LabelTest, 190

length, 87

lightPattern, 277, 285
List, 199

Long.parseLong, 145
main, 23, 65-67, 142, 144
map, 348-352

Math class, 146-150
Math.abs, 147

Math.acos, 147
Math.asin, 147
Math.atan, 147

Math.ceil, 147

Math.cos, 147

Math.exp, 147
Math.floor, 147

Math.log, 147

Math.pow, 147
Math.random, 112, 147, 150, 157
Math.round, 147
Math.sin, 147

Math.sqrt, 147

Math.tan, 147
Math.toDegrees, 147
Math.toRadians, 147
modifiers, 76
mouseClicked, 206
mouseEntered, 206
mouseExited, 206
MouseListener, 204-207
mousePressed, 206
mouseReleased, 206
multiply, 65-67, 93

next, 155

nextBoolean, 159
nextDouble, 159
nextFloat, 159

nextInt, 159

nextLong, 159
overloading, 84

overview, 61, 62

paint, 245-246, 249-251, 263, 285-286
PanelTest.getMotherOfAllPanels, 218
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parseAndSetValue, 326
parselnt, 145, 305
parsing strings, 145
performOperation, 165
populateMenu, 440

pow, 165

printContents, 154
random, 146

read, 428

readLine, 424, 425
readObject, 452

remove, 152-153, 155
removeAll, 152

replace, 87

retain, 153

retainAll, 152

run, 392, 398

ScrollPane, 218

set, 77

setBackground, 187, 248, 277
setColor, 251
setCurrentOp, 160, 165, 361
setDecimalPoint, 284
setDefaultCloseOperation, 293
setDigit, 284
setDisplayValue, 359
setDoubleValue, 325
setFont, 267
setForeground, 277
setLayout, 223
setMaximumFractionDigits, 149-150
setMinimumFractionDigits, 149-150
setMyNum, 125
setNegative, 326
setOperand, 165
setOperandl, 91, 93
setOperand2, 92-93
setOperation, 164
setSize, 214

setText, 195
setUnlitColor, 277
setVisible, 183-184, 188
Short.parseShort, 145
showAuditTrail, 441, 453
showlnfo, 441, 443
showMessageDialog, 443
showStatus, 380

size, 152

sleep, 310-312

sqrt, 146, 165

start, 380, 392
startEngine, 74
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methods (continued...)
stateChanged, 432
static, 78-80
stop, 380
String class, 86-90
substring, 87
subtract, 65-67, 93
super, 83, 284, 313-314
System.exit, 186
textValueChanged, 196
this, 83
Thread.currentThread, 398
Thread.sleep, 396-397
toArray, 153
toLowerCase, 88
toString, 73
toUpperCase, 88
tryToAppend, 326
tryToHug, 338
updateAuditTrail, 441
updateColor, 453-454
updateDisplay, 325
updateDisplayColor, 455
valueOf, 88
void first, 236
void last, 236
void next, 236
void previous, 236
void show, 236
windowActivated, 187
windowClosed, 187
windowClosing, 186-187, 222
windowDeactivated, 187
windowDeiconified, 187
windowlconified, 187
WindowListener interface, 187
windowOpened, 187
xpoints, 265
ypoints, 265
MethodTest program, 65-67
modal dialog windows, 218
mode variable, 376
modifiers
attributes, 76
classes, 76-80
encapsulation, 76-80
keywords, 76-80
methods, 76
optional, 63
packages, 409-411

public, 69-70

static, 78-80

variables, 76
modulus operator (%), 48-50
monospaced logical font name, 268
mouseClicked method, 206
mouseEntered method, 206
MouseEvents class, 204-207
mouseExited method, 206
MouseListener interface, 211-212
MouseListener method, 204-207
mousePressed method, 206
mouseReleased method, 206
MS-DOS prompt, 135
multidimensional arrays, 59-61
MultidimensionalArrayTest program, 60-61
multiple constructors, defining, 83-84
multiple inheritance, 341
multiplication operator (*), 48
multiply method, 65-67, 93
multitasking, 391
multithreading, 391
myNum variable, 125

N

n (newline escape code), 40
names (fonts), 268
needNewNumber variable, 376
NestedForLoopTest program, 134-135
nesting loops, 134-135
Netscape Navigator support, 6
new keyword, 55
newline escape code (\n), 40
next method, 155
nextBoolean method, 159
nextDouble method, 159
nextFloat method, 159
nextInt method, 159
nextLong method, 159
non-modal dialog windows, 218
non-static variables, 78-80
not equal to operator (!=), 101-103
null data type, 37-38
null literal, 41
NumberFormat exception, 313-314
NumberFormatException exception, 305
numbers

primitive data types, 35-36

random, generating, 157-159
numerical comparison operators, 100-103

O

QOak, 5
ObjectInputStream class, 421
object-oriented programming. See OOP
ObjectOutputStream class, 421
objects
Button, 222
CheckboxGroup, 201-204
comparing, 101, 108-109, 126-130
Container, 212-214
Date, 157
Dimension, 213
encapsulation, 68-69
TtemSelectable, 200
Menu, 207-212
MenuBar, 207-212
Menultem, 207-212
MenuShortcut, 211
OOP 8, 67-69
Panel Container, 212-214
SystemColor.control, 187
octal data type, 37-38
offColor instance variable, 276
OOP (object-oriented programming),
4, 67
classes, 8
encapsulation, 68-69
objects, 8
overview, 7-8, 67-69
procedural programming languages, 7
opacity (color), 247
operand] private double variable, 91
operand2 private double variable, 91
operating systems (OS), 6
APIs, 6
GUI (AWT), 182
overview, 4
operations (mathematical), 48-53
operators
!= (not equal t0), 101-103
&& (conditional AND), 103-105
|'l (conditional OR), 103-105
< (less than), 100-103
<= (less than or equal to), 100-103
== (equal t0), 101-103
> (greater than), 100-103
>= (greater than or equal to), 100-103
addition (+), 48
assignment (=), 43

Boolean logical, 104-107



comparison, 101-103
numerical, 100-103
conditional (ternary), 123-126
decrement (--), 50-51
division (/), 48
increment (++), 50-51
instanceof, 108-109
integer bitwise, 104-107
logical AND (&), 104-107
logical compliment "), 107-108
logical OR (1), 104-107
logical XOR (%), 104-107
mathematical precedence, 52-53
modulus (%), 48-50
multiplication (*), 48
postfixing, 51
prefixing, 51
relational, 100-103
subtraction (-), 48
XOR (exclusive OR), 104
opt subscript, 63
optional modifiers, 63
options
-classpath, 413
java command, 419
javac command, 419
OR operator
| (conditional OR), 103-105
logical OR (1), 104-107
logical XOR (%), 104-107
XOR (exclusive OR), 104
OS. See operating systems
OuterClass class, 300
output. See I/O
OutputStream class, 421
ovals, 258-261
OvalTest program, 258-261
overloading methods, 84
overriding Component class, 271

P

packages, 407-409. See also SDK
Calculator, 414-416
directories, 416-419
recompiling, 416-419
classes
access modifiers, 409-411
declaring, 411-413
com.wkndjava.calculator, 414-416
java.awt. See AWT, 180

java.awt.event, 181

java.io, 419-421. See also 1/0
classes, 420-421

java.lang, 146, 304, 407

java.sql, 408

java.util, 150, 155

javax.swing overview, 291-295

page breaks (\f escape code), 40

paint method, 245-246, 249-251, 263,

285-286
Panel Container object, 212-214
panels/applets comparison, 381

PanelTest program, 212-214

PanelTest.getMotherOfAllPanels method,

218
<param> tag, 383-385
parameters. See also arguments
applets, passing, 383-385
digitToDisplay, 284
paramValue variable, 384
parentheses (()), 23
parseAndSetValue method, 326
parselnt method, 145, 305
parsing. See converting
passing
arguments
args[] array, 143-144
command-line, 142-143
parameters, applets, 383-385
PATH variable, 9
paths, files, 426
performOperation method, 165
periods (dot notation), 74
photos. See images
pictures. See images
platform independence, 6
platform interpreters, 7
plus sign (+), 42
polygons, 261-265
PolygonTest program, 262-263
polylines, 261-265
PolylineTest program, 264-265
populateMenu method, 440
postfixing operators, 51
pow method, 165

precedence (mathematical operators), 52-53

prefixes
operators, 51
\u, 40
Premier Press Web site, 9

primitive data types, 34-36. See also

data types
bits, 35
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boolean, 35-36

byte, 35-36

char, 35-36

double, 35-36

float, 35-36

int, 35-36

integers, 35-36

literals, 36-41

troubleshooting, 38

long, 35-36

memory, 35

short, 35-36

strings, converting, 42
printContents method, 154
printing output, 24
PrintStream class, 420-421
private access modifier, 409-411
private double variables, 91
private keyword, 76-80
procedural programming languages, 7
programming interfaces. See APIs
programming languages, 4-5
programs

APIs, 6

applets. See applets

ArgsTest, 143-144

ArrayTest, 56-58

BorderLayoutTest, 225-226

ButtonTest, 191-193

CalculatorHelperTest, 173

CalculatorKeypadTest, 240-241

CalculatorModelStateTest, 174-175

CalculatorTest, 171-173

CanvasMouseTest, 204-207

CardLayoutTest, 233-236

CheckboxTest, 201-204

ChoiceList, 196-199

ChoiceListTest, 196-200

ChoiceTest, 196-199

CollectionTest, 153-155

ConcurrentSynchronized Thread Test,

401-403

ConcurrentThread Test, 397-403

ConditionalTest, 124-126

data types, 34

DateTimeTest, 156

DialogTest, 219-223

DigitalDisplayTest, 324-328

DoLoopTest, 138-139

DrawStringTest, 266-268

ExceptionTest, 307-309

FileCopyTest, 425-428
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programs (continued...)

FlowLayoutTest, 223-225
ForcedExceptionHandlingTest, 310-312
ForLoopTest, 132-135
GridBagLayoutTest, 228-233
GridLayoutTest, 226-228
GUIFrameTest, 188-189
Hello World, 16

compiling, 17-19

running, 20

source code, 16-17
HelloWorldBad.java, 19
HuggableTest, 337-339
IfElseTest, 114-115
IfElseTest2, 116-117
IfTest, 111
ImageTest, 269-271
LabelTest, 190, 191
LineTest, 249-251
LiquidCrystalDigitTest, 288-291
LiquidCrystalNegative, 288-291
MathTest, 146-150
MenuTest, 207-212
MethodTest, 65-67
MultidimensionalArrayTest, 60-61
NestedForLoopTest, 134-135
OvalTest, 258-261
PanelTest, 212-214
PolygonTest, 262-263
PolylineTest, 264-265
RandomTest, 158-159
Rect3DTest, 253-256
rectTest, 252-253
RoundRectTest, 257-258
RunnableTest, 394-395
ScrollbarTest, 215-217
ScrollPaneTest, 217-218
SimpleFrameTest, 182-184, 189
SimpleMathTest, 49-50
SleepTest, 396-397
SliderTest, 217
StandardInputTest, 423-425
StringCompareTest, 128-130
StringTest, 88-90
SwingTest, 293-295
SwitchTest, 119-121
SwitchTest2, 122-123
TextComponentTest, 193-196
Thread Test, 392-393
TruckTest, 85-86
VariableTest, 43-45
WhileLoopTest, 136-137

prompt. See command-line
properties, short-circuit, 103
protected access modifier, 409-411
protected keyword, 76-80

public access modifier, 409-411
public keyword, 76-80

public modifier, 69-70

public reserved word, 23

Q-R

quotes, 39

r (carriage return escape code), 40
radio buttons. See CheckboxGroup objects
Random class, 157-159
random method, 146
random numbers, 157-159
RandomTest program, 158-159
read method, 428
Reader class, 421-422
reading files, 425-428
readLine method, 424-425
readObject method, 452
real numbers (fractional portion), 35-36
recompiling Calculator, 416-419
Rect3DTest program, 253-256
rectangles, 251-256

color, 255

round, 256-258
rectTest program, 252-253
registering listeners, 193
relational operators, 100-103
remove method, 152-153, 155
removeAll method, 152
rendering. See graphics
replace method, 87
reserved words, 23
retain method, 153
retainAll method, 152
reversing Boolean values, 107-108
RGB, 247, 429
round rectangles, 256-258
RoundRectTest program, 257-258
run method, 392, 398
Runnable interface, 394-395
RunnableTest program, 394-395
running

applets, 28-30

Hello World program, 20

JAR files, 461

threads, 392-393
RuntimeException class, 312-314

(continued...)

S

sanserif logical font name, 268
screen output, 24
Scrollbar component, 214-217
Swing, 292
ScrollbarTest program, 215-217
ScrollPane component, 217-218
ScrollPane method, 218
ScrollPaneTest program, 217-218
SDK. See also packages
appletviewer tool, 385-386
compiler, 9
installing, 9-15
JVM, 9
Linux
installing, 13-14
troubleshooting, 14-15
Solaris, 12-13
Windows, 9-12
security, applets, 25
semicolon (;), 24
Serializable class, 420
Serializable interface, 420
serif logical font name, 268
SET DOS command, 11
set method, 77
setBackground method, 187, 248, 277
setColor method, 251
setCurrentOp method, 160, 165, 361
setDecimalPoint method, 284
setDefaultCloseOperation method, 293
setDigit method, 284
setDisplayValue method, 359
setDoubleValue method, 325
setFont method, 267
setForeground method, 277
setLayout method, 223
setMaximumFractionDigits method,
149-150
setMinimumFractionDigits method,
149-150
setMyNum method, 125
setNegative method, 326
setOperand method, 165
setOperand1 method, 91, 93
setOperand2 method, 92-93
setOperation method, 164
setSize method, 214
setText method, 195
setUnlitColor method, 277
setVisible method, 183-184, 188



short primitive data type, 35-36
short-circuit property, 103
shortcut keys, 212
Short.parseShort method, 145
showAuditTrail method, 441, 453
showlInfo method, 441, 443
showMessageDialog method, 443
showStatus method, 380
SimpleFrameTest program, 182-184, 189
SimpleMathTest program, 49-50
single quotes, 39-40
single-line comments (//), 22
size. See also Dimension object
arrays, 55
frames, 183-184
size method, 152
sleep method, 310-312
SleepTest program, 396-397
SliderTest program, 217
Solaris SDK, installing, 12-13
source code
* (comments), 21-22
blank lines, 22
CalculatorHelper class, 92-93
CalculatorHelperTest class,93-95
CalculatorModel class, 90-92
files, 5
Hello World program, 16-17
HelloWeb.java, 25-26
reserved words, 23
spaces, 22
strings, 41
SPARC SDK, installing, 12-13
SQL (Structured Query Language), 408
sqrt method, 146-165
stack traces, 304-305
StandardInputTest program, 423-425
start method, 380, 392
startEngine method, 74
stateChanged method, 432
statements
break, 118, 121-122, 139-141
case, 121-122
conditional
if, 110-113
if-else, 113-117
overview, 99-100
switch, 118-123
terneary, 100
continue, 139-141
default, 121

if, 100
switch, 100
System.out.println, 24
troubleshooting, 24
static keyword, 73
static methods, 78-80
stop method, 380
str argument, 266-268
streams (I/O), 420, 422
String class, 41-42
methods, 86-90
StringCompareTest program, 128-130
strings
+ sign, 42
character, 41-42
comparing, 126-130
graphics, 265-268
logical font names, 268
parsing methods, 145
primitive data types, 42
spaces, 41
Swing, 292
StringTest program, 88-90
Stuctured Query Language (SQL), 408
subclasses, 80-86
subscript (opt), 63
substring method, 87
subtract method, 65-67, 93
subtraction operator (-), 48
Sun Microsystems
Green Project, 5
HotJava Web browser, 5
Web site, 188
super method, 83, 284, 313-314
support, Netscape Navigator, 6
swatches, 429
Swing. See also javax.swing package
API overview, 291-295
applets, 387-390
AWT comparison, 295
CalculatorKeypad, 296-299
components, 292, 295
JColorChooser, 428-433
Swing class, 181
SwingTest program, 293-295
switch statement, 100, 118-123
SwitchTest program, 119-121
SwitchTest2 program, 122-123
symbol logical font name, 268
synchronized keyword, 401
System.exit method, 186
System.out.println statement, 24
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SystemColor class, 248-249
SystemColor.control object, 187

T

t (tab escape code), 40
tab escape code (\t), 40
tables, 59-61
tags, 27-28, 381-383
HTML, 27-28, 381-383
<applet>, 27-28, 381-383
attributes, 382-383
<b>, 27
<body>, 28, 382
<center>, 382
<hl>, 28, 382
<head>, 382
<html>, 28, 382
<param>, 383-385
<title>, 382
javadoc, 464-466
ternary conditional operator, 123-126
ternary conditional statements, 100
testing. See also programs
applets, 29
text. See strings
text editors, 16
text files, 5
TextArea component, 193-196
TextComponent class, 193-196
TextComponentTest program, 193-196
TextEvent class, 193-196
TextField component, 193-196
TextListener class, 193-196
TextListener interface, 199
TextPad text editor, 16
textValueChanged method, 196
this method, 83
Thread class, 392-393
Runnable interface, 394-395
Thread.currentThread method, 398
Thread.sleep method, 396-397
threads
concurrent, 397-403
main, 392
multitasking, 391
multithreading, 391
overview, 390-391
running, 392-393
ThreadTest program, 392-393
throw keyword, 305
Throwable interface, 304
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throwing exceptions, 309-312
throws keyword, 305
titles, frames, 183-184
<title> tag, 382
toArray method, 153
toggle buttons. See CheckboxGroup
objects
toLowerCase method, 88
Toolkit class, 188
tools
appletviewer, 29, 385-386
compiler, 16
jar
applets, 462
calculator.jar file, 458-461
overview, 456-458
running files, 461
javadoc, 463-467
toString function, 73
toUpperCase method, 88
TreeSet collection, 154
troubleshooting. See also debugging
array values, 56
class interfaces, 337-339
loops, 135, 141
primitive data types, 38
SDK, installing, 14-15
statements, 24
UnsupportedOperationException, 151
Truck class, 81-83
TruckTest program, 85-86
true value, 35-36
try keyword, 305
tryToAppend method, 326
tryToHug method, 338

U

u prefix, 40
Unicode characters, 39
Unicode Web site, 40
Universal Resource Locators (URLs), 380
Unix file paths, 426
UnsupportedOperationException, 151
updateAuditTrail method, 441
updateColor method, 453-454
updateDisplay method, 325
updateDisplayColor method, 455
updating
Calculator class, 372-378
CalculatorHelper class, 164-171,
365-372

CalculatorModel class, 160-164,
361-364
CalculatorViewer interface, 441-443
URLs (Universal Resource Locators), 380
user events. See events

\%

valueOf method, 88
values, 36
alpha, 247
arrays, troubleshooting, 56
Boolean, 35-36
primitive data types, 35-36
reversing, 107-108
data types, casting, 45-47
false, 35-36
literals, 36-41
RGB, 247
true, 35-36
variables. See also arrays
auditTrail, 165
calcModel, 93
characters, 43
class variables, 78-80
CLASSPATH, 413
data, 42-47
decimalPoint, 279
declaring, 42-43
digit, 279
EMPTY, 279
helper, 376
instance methods, 78-80
instance variables, 78-80
litPattern[], 276
mode, 376
modifiers, 76
myNum, 125
needNewNumber, 376
non-static, 78-80
offColor, 276
operators, 51
paramValue, 384
PATH, 9
private double
operandl, 91
operand2, 91
static, 78-80
view, 376
VariableTest program, 43-45
verbose argument, 141-142

view variable, 376

virtual machine. See JVM
void first method, 236
void last method, 236
void next method, 236
void previous method, 236
void show method, 236

W

Web browsers (HotJava), 5
Web sites

Java, 188

Premier Press, 9

Unicode, 40
while loops, 135-137, 428
WhileLoopTest program, 136-137
white space, 22
windowActivated method, 187
WindowAdapter class, 302-303
windowClosed method, 187
windowClosing method, 186-187, 222
windowDeactivated method, 187
windowDeiconified method, 187
WindowEvent class, 186-187
windowlconified method, 187
WindowListener interface, 186-187, 303

methods, 187
windowOpened method, 187
windows. See also frames

dialog, 218-223
Windows

file paths, 426

installing, 11

SDK, 9-12
words, reserved, 23
wrapping exceptions, 305-309
“Write once, run anywhere”, 6
Writer class, 421-422
writing

applets, 25-26

files, 425-428

HTML, 27-28

XOR (exclusive OR operator), 104

xpoints method, 265
ypoints method, 265



