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About This Book

This book teaches you all about the Java language and how to use it to create
applets and applications. By the time you get through with this book, you'll know
enough about Java to do just about anything, inside an applet or out.

Who Should Read This Book

This book is intended for people with at least some basic programming back-
ground, which includes people with years of programming experience or people
with only a small amount of experience. If you understand what variables, loops,
and functions are, you'll be just fine for this book. The sorts of people who might
want to read this book include you, if

You're a real whiz at HTML, understand CGI programming (in Perl,
AppleScript, Visual Basic, or some other popular CGI language) pretty
well, and want to move on to the next level in Web page design.

You had some Basic or Pascal in school and you have a basic grasp of
what programming is, bur you've heard Java is easy ro learn, really
powerful, and very cool.

You've programmed C and C++ for many years, you've heard this Java
thing is becoming really popular and you're wondering whar all the fuss
is all abour.

You've heard that Java is really good for Web-based applets, and you're
curious about how good it is for creating more general applications.

What if you know programming, but you don’t know object-oriented program-
ming? Fear not. This book assumes no background in object-oriented design. If
you know object-oriented programming, in fact, the first couple of days will be

casy for you.

How This Book Is Structured

This book is intended to be read and absorbed over the course of three weeks.
During each week, you'll read seven chaprers that present concepts related to the

nd the creation of applets and applications.
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Note: A Note box presents interesting pieces of information related to the surround-
ing discussion.

Technical Note: A Technical Note presents specific technical information related to
the surrounding discussion.

Tip: A Tip box offers advice or teaches an easier way to do something,.

Caution: A Caution box alerts you to a possible problem and gives you advice to
avoid it.

Warning: A Warning box advises you abourt potential problems and helps you steer
clear of disaster.

New terms are introduced in New Term boxes, with the term in italics.

A type icon identifies some new code that you can type in yourself.

An Output icon highlights what the same code looks like when run.

An analysis icon alerts you to the author’s line-by-line analysis.
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To Eric, for all the usual reasons
(moral supporr, stupid questions, comfort in dark times).
L

For RKIP, ARL, and NMH
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An Introduction to Java Programming

Hello and welcome to Teach Yourself Java in 21 Days Starting today and for the next three weeks
you'll learn all about the Java language and how to use it to create applets, as well as how to create
stand-alone Java applications that you can use for just about anything,

NEWe An appletis a dynamic and interactive program that can run inside a Web page displayed
TERM by a Java-capable browser such as HotJava or Netscape 2.0.

The HotJava browseris a World Wide Web browser used to view Web pages, follow links, and
submit forms. It can also download and play applets on the reader’s system.

That's the overall goal for the next three weeks. Today, the goals are somewhat more modest,
and you'll learn about the following:

' Whar exactly Java and HortJava are, and their current status
Why you should learn Java—its various features and advantages over other program-
ming languages
Getting started programming in Java—what you'll need in terms of software and
background, as well as some basic rerminology
How to create your first Java programs—to close this day, you'll create both a simple
Java application and a simple Java applet!

What Is Java?

Java is an object-oriented programming language developed by Sun Microsystems, a company
best known for its high-end Unix workstations. Modeled after C++, the Java language was
designed to be small, simple, and portable across platforms and operating systems, both at the
source and at the binary level (more abour this later).

Java is often mentioned in the same breath as HotJava, a World Wide Web browser from Sun
like Netscape or Mosaic (see Figure 1.1). What makes HotJava different from most other
browsers is that, in addition to all its basic Web fearures, it can also download and play applets
on the reader’s system. Applets appear in a Web page much in the same way as images do, but
unlike images, applets are dynamic and interactive. Applets can be used to create animations,
figures, or areas that can respond to input from the reader, games, or other interactive effects on

the same Web pages among the text and graphics.

Although HotJava was the first World Wide Web browser to be able ro play Java applets, Java
support is rapidly becoming available in other browsers. Netscape 2.0 provides support for Java
applets, and other browser developers have also announced support for Java in forthcoming
products.
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Figure 1.1.
The Hotlava browser.

To create an applet, you write it in the Java language, compile it using a Java compiler, and refer
to that applet in your HTML Web pages. You put the resulting HTML and Java files on 2 Web
site much in the same way that you make ordinary HTML and image files available. Then, when
someone using the HotJava browser (or other Java-enabled browser) views your page with the
embedded applet, that browser downloads the applet to the local system and executes it, and
then the reader can view and interact with your applet in all its glory (readers using other
browsers may see text, a static graphic, or nothing). You'll learn more about how applets,
browsers, and the World Wide Web work together further on in this book.

The important thing to understand about Java is that you can do so much more with it besides
create applets. Java was written as a full-fledged programming language in which you can
accomplish the same sorts of tasks and solve the same sorts of problems that you can in other
programming languages, such as C or C++. HotJavaitself, includingall the networking, display,
and user interface elements, is written in Java.
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An Introduction to Java Programming

Java’s Past, Present, and Future

The Java language was developed at Sun Microsystems in 1991 as part of a research project to
develop software for consumer electronics devices—television sets, VCRs, toasters, and the
other sorts of machines you can buy at any department store. Java’s goals at that time were to
be small, fast, efficient, and easily portable to a wide range of hardware devices. It is those same
goals that made Java an ideal language for distributing executable programs via the World Wide
Web, and also a general-purpose programming language for developing programs thatare easily
usable and portable across different platforms.

The Java language was used in several projects within Sun, but did not get very much commercial
attention until it was paired with HotJava. HotJava was written in 1994 in a matter of months,
both as a vehicle for downloading and running applets and also as an example of the sort of
complex application that can be written in Java.

This book is current as of the 1.0 Java Developer's Kit (JDK). The 1.0 JDK includes tools for
developing Java applets and applications on Sun systems running Solaris 2.3 or higher and for
Windows NT and Windows 95. By the time you read this, new releases of the JDK may be
available, or there may be support for the JDK on other systems and platforms. All the examples
and code in this book should work with any Java development environment that supports the
1.0 APIL

To run and view Java applets, you'll need a Java-capable browser or other tool. Netscape 2.0
provides Java capabilities for most platforms, and other browsers may also be Java-enabled. As
of this writing, however, Sun’s HotJava does not support applets written under the 1.0 JDK. By
the time you read this a more current version of HotJava may exist.

Sun’s 1,0 JDK does include an application called appletviewer that allows you to test your Java
applets as you write them. Ifan applet works in the appletviewer, it should work with any Java-
capable browser. You'll learn more about applet viewer later today.

What's in store for the future? In addition to the next Java release from Sun, other companies
have announced support for Java in their own World Wide Web browsers. Netscape Commu-
nications Corporation has already incorporated Java capabilities into the 2.0 version of their very
popular Netscape Navigator Web browser—pages with embedded Java applets can be viewed
and played with Netscape. With support for Java available in as popular a browser as Netscape,
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tools to help develop Java applications (debuggers, development environments, and so on) most
likely will be rapidly available as well.

Why Learn Java?

At the moment, probably the most compelling reason to learn Java—and probably the reason
you bought this book—is that HotJava applets are written in Java. Even if that were not the case,
Java as a language has significant advantages over other languages and other programming
environments that make it suitable for just about any programming rask. This section describes
some of those advanrages.

Java Is Platform-Independent

Platform independence is one of the most significant advantages that Java has over other
programming languages, particularly for systems that need to work on many different placforms,
Java is platform-independent at both the source and the binary level.

NEWw  Platform-independence is a program'’s capability of moving easily from one computer
TERM system to another.

At the source level, Java's primitive data types have consistent sizes across all development
platforms. Java’s foundation class libraries make it easy to write code that can be moved from
platform to platform without the need to rewrite it to work with that platform.

Platform-independence doesn’t stop at the source level, however. Java binary files are also
platform-independent and can run on multiple platforms without the need to recompile the
source. How does this work? Java binary files are actually in a form called byrecodes.

NEWwr  Byrecodes are a set of instructions that look a lot like machine code, but are not specific to
TERM any one processor.

Normally, when you compile a program written in C or in most other languages, the compiler
translates your program into machine codes or processor instructions. Those instructions are
specific o the processor your computer is running—so, for example, if you compile your code
ona Pentium system, the resulting program will run only on other Pentium systems. If you want
to use the same program on another system, you have to go back to your original source, get a
compiler for that system, and recompile your code. Figure 1.2 shows the result of this system:
multiple executable programs for multiple systems.

Things are different when you write code in Java. The Java development environment has two
parts: a Java compiler and a Java interpreter. The Java compiler rakes your Java program and
instead of generating machine codes from your source files, it generates bytecodes.

Supplied by the British Library 03 Jun 2021, 08:22 (BST)

-
i

Petitioner's Exhibit 1005

Page 0025

IPR No. 2022-00572
Petitioner's Exhibit 1005
Page 0025



An Introduction to Java Programming
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To run a Java program, you run a program called a bytecode interpreter, which in turn executes
your Java program (see Figure 1.3). You can cither run the interpreter by itself, or—forapplets—
there is a bytecode interpreter built into HotJava and other Java-capable browsers that runs the

appler for you.

Figure 1.3.
Java programs.
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Why go through all the trouble of adding this extra layer of the bytecode interpreter? Having
your Java programs in bytecode form means that instead of being specific to any one system, your
programs can be run on any platform and any operating or window system as long as the Java
interpreter is available. This capability of a single binary file to be executable across platforms
is crucial to whar enables applets to work, because the World Wide Web itself is also platform-
independent. Just as HTML files can be read on any platform, so applets can be executed on any
platform that is a Java-capable browser.

The disadvantage of using bytecodes is in execution speed. Because system-specific programs
run dircctly on the hardware for which they are compiled, they run significantly faster than Java
bytecodes, which must be processed by the interpreter. For many Java programs, the speed may
not be an issue. Ifyou write programs that require more execution speed than the Java interpreter
can provide, you have several solutions available to you, including being able to link native code
into your Java program or using tools to convert your Java bytecodes into native code. Note that
by using any of these solutions, you lose the portability that Java bytecodes provide. You'll learn
about each of these mechanisms on Day 20.

Java Is Object-Oriented

To some, object-oriented programming (OOP) technique is merely a way of organizing
programs, and it can be accomplished using any language. Working with a real object-oriented
language and programming environment, however, enables you ro take full advantage of object-
oriented methodology and its capabilities for creating flexible, modular programs and reusing

code.

Many of Java's object-oriented concepts are inherited from C++, the language on which it is
based, but it borrows many concepts from other object-oriented languages as well. Like most
object-oriented programming languages, Java includes a set of class libraries that provide basic
data types, system input and output capabilities, and other utility functions. These basic classes
are part of the Java development kit, which also has classes to support networking, common
Internet protocols, and user interface toolkit functions. Because these class libraries are written
in Java, they are portable across platforms as all Java applications are.

You'll learn more about object-oriented programming and Java tomorrow.

Java Is Easy to Learn

In addition to its portability and object-orientation, one of Java’s initial design goals was to be
small and simple, and therefore easier to write, easier to compile, easier to debug, and, best of
all, easy to learn. Keeping the language small also makes it more robust because there are fewer
chances for programmers to make difficult-to-find mistakes. Despite its size and simple design,
however, Java still has a great deal of power and flexibility.
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An Introduction to Java Programming

Java is modeled after C and C++, and much of the syntax and object-oriented structure is
borrowed from the latter. If you are familiar with C++, learning Java will be particularly easy for
you, because you have most of the foundation already.

Although Java looks similar to C and C++, most of the more complex parts of those languages
have been excluded from Java, making the language simpler without sacrificing much of its
power. There are no pointers in Java, nor is there pointer arithmetic. Strings and arrays are real
objects in Java. Memory management is automatic. To an experienced programmer, these
omissions may be difficult to get used to, but to beginners or programmers who have worked
in other languages, they make the Java language far easier to learn.

Getting Started with
Programming in Java

Enough background! Let's finish off this day by creating two real Java programs: a stand-alone
Java application and an applet that you can view in either in the appletviewer (part of the JDK)
or in a Java-capable browser. Although both these programs are extremely simple, they will give
you an idea of whar a Java program looks like and how to compile and run it.

Getting the Software

In order to write Java programs, you will, of course, need a Java development environment. At
the time this book is being written, Sun’s Java Development Kit provides everything you necd
to start writing Java programs. The JDK is available for Sun SPARC systems running Solaris 2.3
or higher and for Windows NT and Windows 95. You can get the JDK from several places:

The CD-ROM that came with this book contains the full 1.0 JDK distribution. See

the CD information for installation instructions.

" The latest JDK can be downloaded from Sun’s Java FTP site at ftp://java.sun.com/
pub/ or from a mirror site (ftp: //www.blackdown.org/pub/Java/pub/ is one).

Although Netscape and other Java-enabled browscrs provide an environment for running Java
applets, they do not provide a mechanism for developing Java applications. For that, you need
separate tools—merely having a browser is not enough.

10
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Applets and Applications
Java programs fall into two main groups: applets and applications.

Applets, as you have learned, are Java programs that are downloaded over the World Wide Web
and executed by a Web browser on the reader’s machine. Applets depend on a Java-capable
browser in order to run (although they can also be viewed using a tool called the appletviewer,
which you'll learn about later today).

Javaapplications are more general programs written in the Java language. Javaapplications don’t
require a browser ro run, and in fact, Java can be used to create all the kinds of applications that
you would normally use a more conventional programming language to create. HotJava itself
is a Java application.

A single Java program can be an appler or an application or both, depending on how you wrire
that program and the capabilities that program uses. Throughour this first week, you'll be
writing mostly HotJava applications; then you'll apply what you've learned to write applets in
Week 2. If you're eager to get started with applets, be patient. Everything that you learn while
you're creating simple Java applications will apply to creating applets, and it's easier to start with
the basics before moving onto the hard stuff. You'll be creating plenty of applets in Week 2.

Creating a Java Application

Let’s start by creating a simple Java application: the classic Hello World example thatall language
books use to begin.

As with all programming languages, your Java source files are created in a plain texe editor, or
in an editor that can save files in plain ASCII withour any formatting characters. On Unix,
emacs, pico, or vi will work; on Windows, Notepad or DOS Edir are both text editors.

Fire up your editor of choice, and enter the Java program shown in Listing 1.1. Type this
program, as shown, in your text editor. Be careful thar all the parentheses, braces, and quotes
are there.

Listing 1.1. Your first Java application.

1: class HelloWorld {
public static void main (String args[]) {
System.out.println("Hello World!");

2

3:

4: }
5: }
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12

& This program has two main parts:
" All the program is enclosed in a class definition—here, a class called HelloWor1d.

| The body of the program (here, just the one line) is contained in a method
(function) called main(). In Java applications, as in a C or C++ program, main()
is the first method (function) that is run when the program is executed.

You'll learn more about both these parts of a Java application as the book progresses.

Once you finish typing the program, save the file. Most of the time, Java source files are named
the same name as the class they define, with an extension of . java. This file should therefore be
called HelloWorld. java.

Now, let’s compile the source file using the Java compiler. In Sun’s JDK, the Java compiler is
called javac.

To compile your Java program, Make sure the javac program is in your execution path and type
javac followed by the name of your source file:

javac Helloworld.java

The compiler should compile the file without any errors. If you get errors, go back and make
sure that you've typed the program exactly as it appears in Listing 1.1.

When the program compiles without errors, you end up with a file called HelloWorld.class, in
the same directory as your source file. This is your Java bytecode file. You can then run that
bytecode file using the Java interpreter. In the JDK, the Java interpreter is called simply java.
Make sure the java program is in your path and rype java followed by the name of the file
without the .class extension:

java Helloworld
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If your program was typed and compiled correctly, you should get the string *Hello world!®
printed to your screen as a response.

Note: Remember, the Java compiler and the Java interpreter are different things.
You use the Java compiler (javac) for your Java source files to create .class files, and
you use the Java interpreter (java) to acrually run your class files.

Creating a Java Applet

Creating applets is different from creating a simple application, because Java applets run and are
displayed inside a Web page with other page elements and as such have special rules for how they
behave. Because of these special rules for applets in many cases (particularly the simple ones),
creating an applet may be more complex than creating an application.

For example, to do asimple Hello World applet, instead of merely being able to print a message,
you have to create an applet to make space for your message and then use graphics operations
to paint the message to the screen.

Note: If you run the Hello World application as an applet, the Hello world
message prints to a special window or to a log file, depending on how the browser
has screen messages set up. It will not appear on the screen unless you write your
applet to put it there. o '

In the next example, you create that simple Hello World applet, place it inside a Web page, and
view the result.

First, you set up an environment so that your Java-capable browser can find your HTML files
and your applets. Much of the time, you'll keep your HTML files and your applet code in the
same directory. Although this isn't required, it makes it easier to keep track of each element. In
this example, you use a directory called HTML that contains all the files you'll need.

mkdir HTML

Now, open up that text editor and enter Listing 1.2.

13
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An Introduction to Java Programming

Listing 1.2, The Hello World applet.

1: import java.awt.Graphics;

2:

3: public class HelloWorldApplet extends java.applet.Applet {
4:

8: public void paint(Graphics g) {

6: g.drawString(“Hello world!", 5, 25);

T3 }

B8:}

Save that file inside your HTuL directory. Just like with Java applications, give your file 2 name
that has the same name as the class. In this case, the filename would be Hel1oWor1dApplet. java.

Feartures to note about applets? There are a couple I'd like to point out:

The import line at the top of the file is somewhar analogous to an #include statement
in C; it enables this applet to get access to the JDK classes for creating applets and for
drawing graphics on the screen.

The paint () method displays the content of the applet onto the screen. Here, the
string Hello World gets drawn. Applets use several standard methods to take the place
of main(), which include init() to initialize the applet, start() to start it running,
and paint () to display it to the screen. You'll learn about all of these in Week 2.

Now, compile the applet just as you did the application, using javac, the Java compiler.
javac HelloWorldApplet.java

Again, justas for applications, you should now have a file called HelloWorldApplet.class in your
HTML directory.

To include an applet in a Web page, you refer to that applet in the HTML code for that Web
page. Here, you create a very simple HTML file in the HTML directory (see Listing 1 3).

Listing 1.3. The HTML with the applet in it.

<HTML>

<HEAD>

<TITLE>Hello to Everyone!</TITLE>

< |HEAD><BODY>

<P>My Java applet says:

: <APPLET CODE='HelloworldApplet.class® WIDTH=150 HEIGHT=25><APPLET>
</BODY>

</HTML>

O ~N OO S W N -

14
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You refer to an applet in your HTML files with the <appLET> tag. You'll learn more about
<APPLET> later on, but here are two things to note:

Use the cooE attribute to indicate the name of the class that contains your appler.

 Use the wIDTH and HEIGHT attribures ro indicate the size of the applet. The browser uses
these values to know how big a chunk of space to leave for the applet on the page.

Here, a box 150 pixels wide and 25 pixels high is created.

Save the HTML file in your HTML directory, with a descriptive name (for example, you might
name your HTML file the same name as your applet—HelloWorldApplet.heml).

And now, you're ready for the final test—acrually viewing the result of your applet. To view the
appler, you need one of the following:

A browser that supports Java applets, such as Netscape 2.0.

The appletviewer application, which is part of the JDK. The appletviewer is not a
Web browser and won't enable you to see the entire Web page, bur it’s acceptable for
testing to see how an appler will look and behave if there is nothing else available.

Note: Do not use the alpha version of Hotjava to view your applets; appler

developed with the beta JDK and onward cannot be viewed by the alpha HotJava.

ihﬁeﬁwmwmma:mmwmmmw
one instead.

Ifyou're using a Java-capable browser such as Netscape to view your applet files, you can use the
Open Local... item under the File menu to navigate to the HTML file containing the applet
(make sure you open the HTML file and not the class file). You don't need to install anything
on a Web server ye; all this works on your local system.

Ifyou don't have a Web browser with Java capabilities built into it, you can use the appletviewer
program to view your Java applet. To run appletviewer, just indicate the path to the HTML file
on the command line:

appletviewer HTML/HelloWorldApplet.html

mmm@mmmwmmwamm
and class fills, you may not be able to reload thar applet without quirting
appletviewer first. HMMW&MWM%&
previous command line), you can modify and recompile your Java applets and then
just use the Reload menu item to view the newer version.
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An Introduction to Java Programming

Now, if you use the browser to view the applet, you see something similar to the image shown
in Figure 1.4. If you're using appletviewer, you won't see the text around the appler (My Java
applet says...), bur you will see the Hello world itself.

Figure 1.4.
The Hello World applet.

Summary

Today, you got a basic introduction to the Java language and its goals and features. Java is a
programming language, similar to C or C++, in which you can develop a wide range of programs.
The most common use of Java at the moment is in creating applets for HotJava, an advanced
World Wide Web browser also written in Java. Applets are Java programs that are downloaded
and run as part of a Web page. Applets can create animations, games, interactive programs, and
other multimedia effects on Web pages.

Java’s strengths lie in its portability—both at the source and at the binary level, in its object-
oriented design—and in its simplicity. Each of these features help make applets possible, bur
they also make Java an excellent language for writing more general-purpose programs that do
not require HotJava or other Java-capable browser to run. These general-purpose Java programs
are called applications. HotJava itself is a Java application.

To end this day, you experimented with an example applet and an example application, getting
a feel for the differences between the two and how to create, compile, and run Java programs—
or, in the case of applets, how to include them in Web pages. From here, you now have the
foundation to create more complex applications and applers.

Q I'd like to use HotJava as my regular Web browser. You haven't mentioned much
about HotJava today.

A The focus of this book is primarily on programming in Java and its library of standard
classes, rather than on using HotJava itself. Documentation for using the HotJava
browser comes with HotJava (see http://java.sun.com/).

Q I know a lot about HTML, but not much about computer programming. Can I
still write Java programs?

16
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A If you have no programming experience whatsoever, you most likely will find pro-
gramming Java significantly more difficult. However, Java is an excellent language to
learn programming with, and if you pariently work through the examples and the
exercises in this book, you should be able to learn enough to get started with Java.

Q According to today’s lesson, Java applets are downloaded via a Java-enabled
browser such as HotJava or Netscape 2.0 and run on the reader’s system. Isn’t
that an enormous security hole? What stops someone from writing an applet that
compromises the security of my system—or worse, that damages my system?

A Sun’s Java team has thought a great deal about the security of applets within Java-
capable browsers and has implemented several checks to make sure applets cannot do
nasty things:

Java applets cannot read or write to the disk on the local system.

.| Java applets cannot execute any programs on the local system.

Java applets cannot connect to any machines on the Web excepr for the server
from which they are originally downloaded.

Note that some of these restrictions may be allowed in some browsers or may be
turned on in the browser configuration, However, you cannot expect any of these
capabilities to be available.

In addition, the Java compiler and interpreter check both the Java source code and the
Java bytecodes to make sure that the Java programmer has not tried any sneaky tricks
(for example, overrunning buffers or stack frames).

These checks obviously cannot stop every potential security hole (no system can
promise thar!), but they can significantly reduce the potential for hostile applets.
You'll learn more about security issues later on in this book.

Q I followed all the directions you gave for creating a Java applet. I loaded it into
HotJava, but Hello world didn’t show up. What did I do wrong?

A T'll bet you're using the alpha version of HotJava to view the applet. Unfortunately,
between alpha and 1.0, significant changes were made as to how applets are written.
The result is that you can’t view 1.0 applets (as this one was) in the alpha version of
HotJava, nor can you view alpha applets in browsers that expect 1.0 applets. To view
the applet, either use a different browser, or use the appletviewer application that

comes with the JDK.

17
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Arrays, Conditionals, and Loops

Although you could write Java programs using what you've learned so far, those programs would
be pretry dull. Much of the good stuff in Java or in any programming language results when you
have arrays to store values in and control-flow constructs (loops and conditionals) to execute
different bits of a program based on tests. Today, you'll find out about the following:

Arrays, one of the most useful objects in Java, which enable you to collect objects or
prmitive types into an casy-to-manage list

Block statements, for grouping together related statements

if and switceh, for conditional tests

for and while loops, for iteration or repeating a statement or statements multiple
times

Arrays

Arrays in Java are different than they are in other languages. Arrays in Java are actual objects that
can be passed around and treated just like other objects.

NEWw Arraysare a way to store a list of items. Each slot of the array holds an individual element,
TERM and you can place elements into or change the contents or those slots as you need to.

Arrays can conrtain any type of element value (primitive types or objects), but you can't store
different types in a single array. You can have an array of integers, or an array of strings, or an
array of arrays, but you can't have an array that contains, for example, both strings and integers.

To create an array in Java, you use three steps:

1. Declare a variable to hold the array.
2. Create a new array object and assign it to the array variable.

3. Store things in thar array.

Declaring Array Variables

The first step to creating an array is creating a variable that will hold the array, just as you would
any other variable. Array variables indicare the type of object the array will hold (just as they do
for any variable) and the name of the array, followed by empty brackets ([1). The following are
all typical array variable declarations:

String difficultWords|];
Point hits|];

int temps|);
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An alternate method of defining an array variable is to pur the brackets after the type instead of
after the variable. They are equivalent, but this latter form is often much more readable. So, for
example, these three declarations could be written like this:

String[] difficultWords;
Point([] hits;

int[] temps;

Creating Array Objects

The second step is to create an array object and assign it to that variable. There are two ways to

do this:

Using new

Directly initializing the contents of that array
The first way is to use the new operator to create a new instance of an array:
String[] names = new String[10];

That line creates a new array of strings with ten sloss, containing elements. When you create a
new array object using new, you must indicate how many slots thar array will hold.

Array objects can contain primitive types such as integers or booleans, just as they can contain
objects:

int[] temps = new int[99];

When you create an array object using new, all its slots are initialized for you (@ for numeric arrays,
false for boolean, '\@" for character arrays, and null for objects). You can also create and
initialize an array at the same time. Instead of using new to create the new array object, enclose
the elements of the array inside braces, separated by commas:
String[] chiles = { "jalapeno®, “anaheim”, *serrano’,

*habanero”, “"thai" };
Each of the elements inside the braces must be of the same type and must be the same type as
the variable that holds that array. An array the size of the number of elements you've included
will be automarically created for you. This example creates an array of string objects named
chiles that contains five elements.

Accessing Array Elements
Once you have an array with initial values, you can test and change the values in each slot of that

array. To get at a value stored within an array, use the array subscript expression:

myArray|[subscript]; 81
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Arrays, Conditionals, and Loops

The myArray part of this expression is a variable holding an array object, although it can also be
an expression that results in an array). The subscript expression specifies the slot within the
array to access. Array subscripts start with @, as they do in C and C++. So, an array with ten
elements has ten array slots accessed using subscript @ to 8.

Note that all array subscripts are checked to make sure that they are inside the boundaries of the
array (greater than or equal to @ but less than the array's length) either when your Java program
is compiled or when it is run. It is impossible in Java to access or assign a value to an array slot
outside of the boundaries of the array. Note the following two statements, for example:
String[] arr = new String[1@];

arr[10] = "eggplant”;

A program with tha last statement in it produces a compiler error at that line when you try ro
compile it. The array stored in arr has only ten slots numbered from e, the element ar subscript
10 doesn’t exist, and the Java compiler will check for that.

If the array subscript is calculated at run-time (for example, as part of a loop) and ends up outside
the boundaries of the array, the Java interpreter also produces an error (actually, to be technically
correct, it throws an exception). You'll learn more about exceptions later on next week and on

Day 18.

How can you keep from overrunning the end of an array accidentally in your own programs?
You can test for the length of the array in your programs using the length instance variable—
it's available for all array objects, regardless of type:

int len = arr.length // returns 10

Changing Array Elements

To assign an element value to a particular array slot, merely purt an assignment statement after
the array access expression:

myarray[1] = 15;

sentence[@] = "The*;

sentence[10] = sentence(@];

An important thing to note is that an array of objects in Java is an array of references to those
objects (similar in some ways to an array of pointers in C or C++). When you assign a value to
a slot in an array, you're creating a reference to that object, just as you do for a plain variable.
When you move values around inside arrays (as in that last line), you just reassign the reference;
you don’t copy the value from one slot to another. Arrays of primitive types such as intsor f1oats
do copy the values from one slot o another.

Arrays of references to objects, as opposed to the objects themselves, are particularly useful
because it means you can have multiple references to the same objects both inside and outside
arrays—for example, you can assign an object contained in an array to a variable and refer to that
same object by using either the variable or the array position.

82
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Multidimensional Arrays

Java does not support multidimensional arrays. However, you can declare and create an array
of arrays (and those arrays can conrain arrays, and so on, for however many dimensions you
need), and access them as you would C-style multidimensional arrays:

new int[12][12];

coords[@] (0]

int coords(][]
COO?US[U][!] =

13
2;

Block Statements

A block statement is a group of other statements surrounded by braces ({}). You can use a block
anywhere a single statement would go, and the new block creates a new local scope for the
statements inside it. This means that you can declare and use local variables inside a block, and
those variables will cease to exist after the block is finished execuring. For example, here’s a block
inside a method definition thar declares a new variable y. You cannot use y outside the block in

which it's declared:

void testblock() {
int x = 10;
{ // start of block
int y = 50;
System.out.println("inside the block:");
System.out.println("x:" + x);
System.out.println(*y:" + y);
} // end of block
}
Blocks are not usually used in this way—alone in amethod definition. You've mostly seen blocks
up to this point surrounding class and method definitions, but another very common use of
block statements is in the control flow constructs you'll learn about in the remainder of today’s

lesson.

if Conditionals

The if conditional, which enables you to execute different bits of code based on a simple test
in Java, is nearly identical 1o if statements in C. if conditionals contain the keyword if,
followed by a boolean test, followed by a statement (often a block statement) to execute if the
test is true:

if (x < y)
System.out.println("x is smaller than y");

An oprtional else keyword provides the statement to execure if the test is false:
if (x < y)

System.out.println("x is smaller than y");
else System.out.println("y is bigger");
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if (engineState == true )
System.out.println("Engine is already on.");
else {
System.out.println("Now starting Engine.");
if (gasLevel >= 1)
engineState = true;
else System.out.println("Low on gas! Can't start engine.");

}

This example uses the test (engineState == true). For boolean tests of this type, 2 common
shortcut is merely to include the first part of the expression, rather than explicitly testing its value
against true or false:

if (engineState)

System.out.println("Engine is on.");
else System.out.println("Engine is off."};

The Conditional Operator

An alternative to using the if and else keywords in a conditional statement is ro use the
conditional operator, sometimes called the ternary operator.

NEWw The conditional operator is a ternary operator because it has three rerms.

TERM

The conditional operator is an expression, meaning that it returns a value (unlike the more
general if, which only can result in a statement or block being executed). The conditional
operator is most useful for very short or simple conditionals, and looks like this:

test ? trueresult : falseresult

The test is an expression that returns true or false, just like the test in the if statement. If the
test is true, the conditional operator returns the value of trueresult; if it's false, it returns the
value of falseresult. For example, the following conditional tests the values ofxandy, returns
the smaller of the two, and assigns that value to the variable smaller:

int smaller = x <y ?2 X @ y;

The conditional operator has a very low precedence; that is, it’s usually evaluated only after all
its subexpressions are evaluated. The only operators lower in precedence are the assignment
operators. See the precedence chart in Day 3's lesson for a refresher on precedence of all the
operators.
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switch Conditionals

A common programming practice in any language is to test a variable against some value, and
if it doesn’t match that value, to test it again against a different value, and if it doesn’t march that
one to make yet another test, and so on. Using only if statements, this can become unwieldy,
depending on how it’s formatted and how many different options you have to test. For example,
you might end up with a set of if statements something like this or longer:

if (oper == '+')
addargs(argl, arg2);
else if (oper == '.'")

subargs(argl, arg2);
else if (oper == '*')

multargs(argl, arg2);
else if (oper == '/*)

divargs(argl, arg2);

This form of if statement is called a nested if, because each else statement in turn contains yet
another if, and so on, until all possible tests have been made.

A common shorthand mechanism for nested ifs that you can use in some cases allows you to
group tests and actions together in a single statement. This is the switch or case statement; in
Java it’s switch and behaves as it does in C:
switch (test) {
case valueOne;
resultOne;
break;
case valueTwo:
resultTwo;
break;
case valueThree:

resultThree;
break;

éé;ault: defaultresult;
}
In the switch statement, the test (a primitive type of byte, char, short, or int) is compared with
each of the case values in turn. If a match is found, the statement, or statements after the test
is executed. If no match is found, the default statement is executed. The default is optional,
so if there isn’t a2 match in any of the cases and default doesn't exist, the switch starement
completes without doing anything.

Note that the significant limitation of the switch in Java is that the tests and values can be only
simple primitive types (and then only primitive types that are castable to int). You cannot use
larger primitive types (long, float), strings, or other objects within a switch, nor can you rest
for any relationship other than equality. This limits the usefulness of switch to all but the
simplest cases; nested ifs can work for any kind of test on any type.
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Arrays, Conditionals, and Loops

Here’s a simple example of a switch statement similar to the nested if shown carlier:
switch (oper) {
case '+':
addargs(argl, arg2);
break;
case '*':
subargs(argl, arg2);
break;
case '-':
multargs(argl, arg2);
break;
case '/':
divargs(argl, arg2);
break;
}

Note the break statement included in every line. Withour the explicit break, once a martch is
made, the statements for that match and also all the statements further down in the switch are
executed until a break or the end of the switch is found (and then execurion continues after the
end of the switen). In some cases, this may be exactly what you want to do, but in most cases,
you'll want to make sure to include the break so that only the statements you want to be executed
are executed.

One handy use of falling through occurs when you want multiple values to execute the same
statements. In this instance, you can use multiple case lines with no result, and the switch will
execute the first statements it finds. For example, in the following switch statement, the string
“x is an even number. " is printed if x has values of 2, 4, 6, or 8. All other values of x print the
string *x is an odd number.*
switch (x) {

case 2:

case 4:

case 6:

case 8:

System.out.println("x is an even number.");

break;
default: System.out.println(®"x is an odd number.");

for Loops

The for loop, as in C, repeats a statement or block of statements some number of times until
a condition is matched. for loops are frequently used for simple iteration in which you repear
a block of statements a cerrain number of times and then stop, but you can use for loops for just
about any kind of loop.

The for loop in Java looks roughly like this:

for (initialization; test; increment) |
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statements;
}

The start of the for loop has three parts:

initialization is an expression that initializes the start of the loop. If you have a loop
index, this expression might declare and initialize ir, for example, int i = 0. Variables
that you declare in this part of the for loop are local to the loop itself; they cease
existing after the loop is finished executing.

test is the test thar occurs after each pass of the loop. The test must be a boolean
expression or function that returns a boolean value, for example, i < 10. If the test is
true, the loop executes. Once the test is false, the loop stops executing.

increment is any expression or function call. Commonly, the increment is used to
change the value of the loop index to bring the state of the loop closer to returning
false and complerting.

The statement part of the for loop is the statements that are executed each time the loop iterates.
Just as with if, you can include cither a single statement here or a block; the previous example
used a block because that is more common. Here’s an example of a for loop that initializes all
the values of a String array to null strings:

String strArray[] = new String[1@];
int 1i; // loop index

for (1 = Q; 1 < strArray.length; i++)

strArray[i] = "";
Any of the parts of the for loop can be empty statements, that is, you can simply include a
semicolon with no expression or statement, and thar part of the for loop will be ignored. Note
that if you do use a null statement in your for loop, you may have to initialize or increment any
loop variables or loop indices yourself elsewhere in the program.

You can also have an empty statement for the body of your for loop, if everything you want to
dois in the first line of that loop. For example, here’s one that finds the first prime number higher
than 4000:

for (1 = 4001; notPrime(i); i += 2)
Note thara common mistake in C that also occurs in Java is to accidentally pur a semicolon after
the first line of the for loop:
for (1 = 0; 1 < 10; i++);

System.out.println("Loop!");
Because the first semicolon ends the loop with an empry statement, the loop doesn’t actually do
anything. The println function will be printed only once, because it's actually outside the for
loop entirely. Be careful not to make this mistake in your own Java programs.
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Arrays, Conditionals, and Loops

while and do Loops

Finally, there are while and do loops. while and do loops, like for loops, enable a block of Java
code to be executed repeatedly until a specific condition is met. Whether you use a for loop, a
while, or a do is mostly a matter of your programming style.

while and do loop, are exactly the same as in C and C++ except their test condition must be a
boolean.

while Loops

The while loop is used to repear a statement or block of statements as long as a particular
condition is true. while loops look like this:

while (condition) |
bodyOfLoop:
}

The condition isa boolean expression. Ifit returns true, the while loop executes the statements
in bodyOfLoop and then tests the condition again, repeating until the condition is false. I've
shown thewhile loop here with a block statement, because it's most commonly used, although
you can use a single statement in place of the block.

Here’s an example of a while loop thart copies the elements of an array of integers (in array1)
to an array of floats (in array2), casting each element to a float as it goes. The one catch is that
ifany of the elements in the first array is 0, the loop will immediarely exit ar that point. To cover
both the cases wherein all the elements have been copied and an element is @, you can use a
compound test with the 84 operator:

int count = @;

while ( count < arrayil.length && arrayi[count] !=@) {
array2fcount] = (float) arrayi[count++];
}

Note that ifthe condition is initially false the first time itis tested (for example, if the first element
in thar first array is 9), the body of the while loop will never be executed. If you need to execute
the loop at least once, you can do one of two things:

Duplicate the body of the loop outside the while loop.
Use a do loop (described below).

The do loop is considered the better solution of the two.
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do...while Loops

The do loop is just like awhile loop, except that do executes a given statement or block until the
condition is false. The main difference is that while loops test the condition before looping,
making it possible that the body of the loop will never execute if the condition is false the first
time it’s tested. do loops run the body of the loop ar least once before testing the condition. do
loops look like this:

do {

bodyOfLoop;
} while (condition);

Here, the body0fLoop part is the statements thar are executed with each iteration. It's shown here
with a block statement because it’s most commonly used that way, but you can substitute the
braces for a single statement as you can with the other control-flow constructs. The condition
is a boolean test. If it returns true, the loop is run again. If it returns false, the loop exits. Keep
in mind that with do loops, the body of the loop execures ar least once.

Here’s a simple example of a do loop that prints a message each time the loop iterates:

int x = 1;

do {
System.out.println("Looping, round * + x);
X443

} while (x <= 10);
Here's the output of these statements:

Looping, round

TITHY Looping, round
"‘ v Looping, round
Looping, round

Looping, round

Looping, round

Looping, round

Looping, round

Looping, round

Looping, round

Breaking Out of Loops

In all the loops (for, while, and do), the loop ends when the condition you're testing for is met.
What happens if something odd occurs within the body of the loop and you want to exit the loop
early? For that, you can use the break and continue keywords.

= OO N & DN -
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Arrays, Conditionals, and Loops

You've already seen break as part of the switch statement; it stops execution of the switch, and
the program continues. The break keyword, when used with a loop, does the same thing—it
immediately halts execution of the current loop. If you've nested loops within loops, execution
picks up in the next outer loop; otherwise, the program merely continues executing the next
statement after the loop.

For example, take that while loop that copied elements from an integer array into an array of
floats until the end of the array or until a @ is reached. You can test for that latter case inside the
body of the while and then use a break to exit the loop:

int count = @;

while (count < arrayi.length) {

if (arrayi[count] == @) {
break;

;rrayZ[count] = (float) arrayi[count++];
}
continue is similar to break except that instead of halring execution of the loop entirely, the loop
starts over at the next iteration. For do and while loops, this means the execution of the block
starts over again; for for loops, the increment expression is evaluated and then the block is
executed. continue is useful when you want to special-case elements within a loop. With the
previous example of copying one array to another, you can test for whether the current element
is @ and restart the loop if you find it so that the resulting array will never contain zero. Note that
because you're skipping elements in the first array, you now have to keep track of two different
array counters:
int count1 = ©0;
int count2 = 0;
while (count < arrayl.length) {

if (arrayi[count] == @)
continue;

array2[count2++] = (float)arrayl[count++];

Labeled Loops

Both break and continue can have an optional label that tells Java where to break to. Without
a label, break jumps outside the nearest loop (to an enclosing loop or to the next statement
outside the loop), and continue restarts the enclosing loop. Using labeled breaks and continues
enables you to break outside nested loops or to continue a loop outside the current loop.
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Tousealabeled loop, add the label before the initial part of the loop, with a colon between them.
Then, when you use break or continue, add the name of the label after the keyword itself:
out:
for (int i = @; i <1@; i++) {
while (x < 50) {
if (1 * x == 400)
break out;

}

In thissnippet of code, the label out labels the outer loop. Then, inside both the forand thewhile
loop, when a particular condition is met, a break causes the execution to break out of both loops.

Here'sanother example: the following program contains a nested for loop. Inside the innermost
loop, if the summed values of the two counters is greater than four, both loops exit at once:

foo:
for (int 1 = 1; i <= 5; i++)
for (int j = 1; j <= 3; j++) {
System.out.println(®i is " + i + *, j is " + §); =3
if ((1 + j) > 4)
break foo;

System.out.println(*end of loops®);

Here's the output from this program:

1.1, 1 51
1] L 1151!]152
ol iis1, jisa
1582, 1 18 )
ids 2, 1 1s 2
iis 2, j is 3

end of loops

As you can see, the loop iterated until the sum of 1 and j was greater than 4, and then both
loops exited back to the outer block and the final message was printed.

Summary

Today, you learned about three main topics that you'll most likely use quite often in your own
Java programs: arrays, conditionals, and loops.

You learned how to declare an array variable, create and assign an array object to that variable,
and access and change elements within that array.

Conditionalsinclude the if and switch statements, with which you can branch to different parts

91
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Arrays, Conditionals, and Loops

of your program based on a boolean test.

Finally, you learned about the for, while, and do loops, each of which enable you to execute a
portion of your program repeatedly until a given condition is met.

Now that you've learned the small stuff, all thac's left is to go over the bigger issues of declaring
classes and creating methods within which instances of those classes can communicate with each
other by calling methods. Get to bed early tonight, because tomorrow is going to be a wild ride.

Q&A

Q If arrays are objects, and you use new to create them, and they have an instance
variable 1ength, where is the Array class? | didn’t see it in the Java class libraries.

A Arrays are implemented kind of weirdly in Java. The Array class is constructed
automatically when your Java program runs; Array provides the basic framework for
arrays, including the length variable. Additionally, each primitive type and object has
an implicit subclass of Array that represents an array of that class or object. When you
create a new array object, it may not have an actual class, but it behaves as if it does.

Q Does Java have gotos?

A The Java language defines the keyword goto, but it is not currently used for anything.
In other words, no, Java does not have gotos.

Q 1 declared a variable inside a block statement for an if. When the if was done,
the definition of that variable vanished. Where did it go?

A In technical terms, block statements inside braces form a new lexical scope. What this
means is that if you declare a variable inside a block, it’s only visible and usable inside
that block. Once the block finishes executing, all the variables you declared go away.
It's a good idea to declare most of your variables in the outermost block in which
they’ll be needed—usually at the top of a block statement. The exception might be
very simple variables, such as index counters in for loops, where declaring them in the
first line of the for loop is an easy shortcut.

You'll learn more about variables and scope tomorrow.

Q Why can’t you use switch with strings?

A Strings are objects, and switch in Java works only for the primirive types byte, char,
short, and int. To compare strings, you have to use nested ifs, which enable more
general expression tests, including string comparison.
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Q It seems to me that a lot of for loops could be written as while loops, and vice
versa.

A True. The for loop is actually a special case of while that enables you to iterate a loop

a specific number of times. You could just as easily do this with a while and then
increment a counter inside the loop. Either works equally well. This is mostly just a
question of programming style and personal choice.
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Java Applet Basics

Much of Java’s current popularity has come about because of Java-capable World Wide Web
browsers and their support for applets: small programs that run inside 2 Web page and can be
used to create dynamic, interactive Web designs. Applets, as I noted at the beginning of this
book, are written in the Java language, and can be viewed in any browser that supports Java,
including Sun’s HotJava and Netscape’s Navigator 2.0. Learning how to create applets is most
likely the reason you bought this book, so let’s waste no more time.

Last week, you focused on learning about the Java language itself, and most of the little programs
you created were Java applications. This week, now that you have the basics down, you move
on to creating and using applets, which includes a discussion of many of the classes in the
standard Java class library.

Today, you'll start with the basics:

"1 A small review of differences between Java applets and applicarions

|| Getting started with applets: the basics of how an appler works and how to create your
own simple applets

" Including an applet on a Web page by using the <APPLET> tag, including the various
features of that tag

| Passing parameters to applets

How Applets and Applications Are
Different

Although you explored the differences between Java applications and Java applets in the early
part of this book, let’s review them.

. In short, Jaya applications are stand-alone Java programs that can be run by using just the Java
interpreter, for example, from a command line. Most everything you've used up to this point
in the book has been a Java application, albeit a simple one.

Java applets, however, are run from inside a World Wide Web browser. A reference to an applet
is embedded in a Web page using a special HTML tag. When a reader, using a Java-enabled
browser, loads a Web page with an applet in it, the browser downloads that applet from a Web
server and executes it on the local system (the one the browser is running on).

Because Java applets run inside a Java browser, they have the advantage of the structure the
browser provides: an existing window, an event-handling and graphics context, and the sur-
rounding user interface. Java applications can also create this structure, but they don't require
it (you'll learn how to create Java applications that use applet-like graphics and Ul features on
Day 14).
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The convenience that applets have over applications in terms of structure and UI capabilities,
however, is hampered by restrictions on what applets can do. Given the fact that Java applets
can be downloaded from anywhere and run on a client’s system, restrictions are necessary to
preventan applet from causing system damage or security breaches. Withour these restrictions
in place, Java applets could be written to contain viruses or trojan horses (programs that seem
friendly but do some sort of damage to the system), or be used 1o compromise the security of
the system that runs them. The restrictions on what an applet can do include the following:

Applets can’t read or write to the reader’s file system, except in specific directories
(which are defined by the user through an access control list that, by default, is
empty). Some browsers may not even allow an applet to read or write to the file
system at all, or at the same time as using the nerwork.

Applets can't usually communicate with a server other than the one that had originally
stored the appler. (This may be configurable by the browser; however, you should not
depend on having this behavior available.)

Applets can’t run any programs on the reader’s system. For Unix systems, this includes
forking a process.

- | Applerts can’t load programs native to the local platform, including shared libraries
such as DLLs.

[n addition, Java itself includes various forms of security and consistency checking in the Java
compilerand interpreter to prevent unorthodox use of the language (you'll learn more about this
on Day 21). This combination of restrictions and security features make it more difficult for a
rogue Java applet to do damage to the client’s system.

Creating Applets

For the most parr, all the Java programs you've created up to this point have been Java
applications—simple programs with a single main() method that created objects, set instance
variables, and ran methods. Today and in the days following, you'll be creating applets
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Java Applet Basics

exclusively, so you will need a good grasp of how an applet works, the sorts of features an applet
has, and where to start when you first create your own applets. Without further ado, let’s get on
with it.

To create an applet, you create a subclass of the class Applet, in the java.applet package. The
Applet class provides behavior to enable your applet not only to work within the browser itself,
but also to take advantage of the capabilities of AWT to include Ul elements, to handle mouse
and keyword events, and to draw to the screen. Although your applet can have as many “helper”
classes as it needs, it's the main applet class thar triggers the execution of the applet. That initial
applet class always has a signature like this:

public class myClass extends java.applet.Applet {

}

Note the public keyword. Java requires that your applet subclass be declared public. Again, this
is true only of your main applet class; any helper classes you create can be public or private as
you wish. Public, private, and other forms of access control are described on Day 15.

When Java encounters your applet in a Web page, it loads your initial applet class over the
nerwork, as well as any other helper classes that first class uses. Unlike with applications, where
Java calls themain () method directly on your initial class, when yourapplet is loaded, Java creates
an instance of that class, and a series of Applet methods are called on that instance. Different
applets that use the same class use different instances, so each one can behave differently from
the other applets running in the same browser.

Major Applet Activities

To create a basic Java application, your class has to have one method, main(), with a specific
signature. Then, when your application starts up, main() is executed, and from main() you can
set up the behavior that your program needs. Applets are similar but more complicated. Applets
have many different activities that correspond to various major events in the life cycle of the
applet—for example, initialization, painting, or mouse events. Each activity hasa corresponding
method, so when an event occurs, the browser or other Java-capable tool calls those specific
methods.

The default implementations of these activity methods do nothing; to provide behavior for an
event you must override the appropriate method in your applet’s subclass. You don’t have to
override all of them, of course; different applet behavior requires different methods to be
overridden.

You'll learn abourt the various important methods to override as the week progresses, bur, fora
general overview, here are five of the more important methods in an applet’s execution:
initialization, starting, stopping, destroying, and painting.
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Initialization

Initialization occurs when the applet is first loaded (or reloaded). Initialization might include
creating the objects it needs, setting up an inirial state, loading images or fonts, or setting
parameters. To provide behavior for the initialization of your applet, override the init()
method:

public void init() {
}

Starting

After an applet is initialized, it is started. Starting can also occur if the applet was previously
stopped. For example, an applet is stopped if the reader follows a link to a different page, and
itis started again when the reader returns to this page. Note that starting can occur several times
during an applet’s life cycle, whereas initialization happens only once. To provide startup
behavior for your applet, override the start() method:

public void start() {

}

Functionality that you put in the start () method might include starting up a thread to control
the applet, sending the appropriate messages to helper objects, or in some way telling the applet
to begin running. You'll learn more abour starting applets on Day 10.

Stopping
Stopping and starting go hand in hand. Stopping occurs when the reader leaves the page that

contains a currently running applet, or you can stop the applet yourself by calling stop(). By
default, when the reader leaves a page any threads the applet had started will continue running.
You'll learn more about threads in Day 10. By overriding stop(), you can suspend execution
of these threads and then restart them if the applet is viewed again:

public void stop() {

}

Destroying

Destroying sounds more violent than it is. Destroying enables the applet to clean up after itself
just before it is freed or the browser exits—for example, to kill any running threads or to release
any other running objects. Generally, you won’t want to override destroy() unless you have
specific resources that need to be released—for example, threads that the applet has created. To
provide clean up behavior for your applet, override the destroy() method:
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Java Applet Basies

public void destroy() {

}

nnhx??!i’mmi: applits ooy voapplets,

mmﬁtaw T

Painting

Painting is how an applet actually draws something on the screen, be it text, a line, a colored
background, or an image. Painting can occur many hundreds of times during an applet’s life
cycle—for example, once after the applet is initialized, if the browser is placed behind another
window on the screen and then brought forward again, if the browser window is moved to a
different position on the screen, or perhaps repeatedly in the case of animartions. You override
the paint () method for your applet to have an actual appearance on the screen. The paint()
method looks like this:

public void paint(Graphics g) {

}

Note that unlike the other major methods in this section, paint () takes an argument, an instance
of the class Graphics. This object is created and passed to paint by the browser, so you don’thave
to worry about it. However, you will have to make sure thar the Graphics class (part of the
java.awt package) gets imported into your applet code, usually through an import statement at
the top of your Java file:

import java.awt.Graphics;

A Simple Applet

On Day 2, you created a simple applet called HelloAgainApplet (this was the one with the big
red Hello Again). There, you created and used that applet as an example of creating a subclass.
Let’s go over the code for that applet again, this time looking at it slightly differently in light of
the things you just learned about applets. Listing 8.1 shows the code for that appler.
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Listing 8.1. The Hello Again applet.

1: import java.awt.Graphics;

2: import java.awt.Font;

3: import java.awt.Color;

4:

§: public class HelloAgainApplet extends java.applet.Applet {
6:

T3 Font f = new Font(*TimesRoman", Font.BOLD, 36);
B:

9: public void paint(Graphics g) {

10: g.setFont(f);

11: g.setColor(Color.red);

12: g.drawString("Hello again!®, 5, 50);

13: }

14: )

This applet overrides paint ( ), one of the major methods described in the previous section,

Because the applet doesn’t actually do much (all it does is print a couple of words to the

screen), and there's not really anything to initialize, you don’t need a start() ora stop()

or an init() merhod.

The paint method is where the real work of this applet (what little work goes on) really occurs.
The Graphics object passed into the paint() method holds the graphics state—that is, the
current features of the drawing surface. Lines 10 and 11 setup the fontand color for this graphics
state (here, the font object held in the f instance variable, and an object representing the color

red that's stored in the Color class's variable red).

Line 12 then draws the string *Hello Again! * by using the current font and color at the position
5, 50. Note that the @ point forx, y isat the top lefr of the applet’s drawing surface, with positive
y moving downward, so 50 is actually at the bottom of the applet. Figure 8.1 shows how the

applet’s bounding box and the string are drawn on the page.

Figure 8.1. 0,0
Drawing the applet.
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Including an Applet on a Web Page

Afiter you create a class or classes that contain your appler and compile them into class files as
you would any other Java program, you have to create a Web page that will hold that applet by
using the HTML language. There is a special HTML tag for including applets in Web pages;
Java-capable browsers use the information contained in that tag to locate the compiled class files
and execute the applet itself. In this section, you'll learn about how to put Java applets in a Web
page and how to serve those files to the Web at large.

Note: The following section assumes you have at least a passing understanding of
writing HTML pages. Hymmedhdpmﬂmmymmyﬁadthbwk Teach
Yourself Web Publishing with HTML in 14 Days useful. It is also from Sams.Net
(and also written by one of the authors of this book). -

The <APPLET> Tag

To include an applet on a Web page, use the <APPLET> tag. <APPLET> is a special extension to
HTML for including applets in Web pages. Listing 8.2 shows a very simple example of a Web
page with an applet included in it.

Listing 8.2. A simple HTML page.

1:  <HTML>

2: <HEAD>

3: <TITLE>This page has an applet on it</TITLE>

4: </HEAD>

5: <BODY>

6: <P>My second Java applet says:

T: <BRA>

8: <APPLET CODE="HelloAgainApplet.class" WIDTH=200 HEIGHT=5@>
9: There would be an applet here if your browser

18: supported Java.
11: </APPLET>

12: </BODY>

13: </HTML>

m There are three things to note about the <APPLET> tag in this page:
IR i
The cobE arttribute indicates the name of the class file that conrains this applet,
including the .class extension. In this case, the class file must be in the same directory
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as this HTML file. To indicate applets are in a specific directory, use CODEBASE,
described later roday.

- WIDTH and HEIGHT are required and are used to indicate the bounding box of the
applet—that is, how big a box to draw for the appler on the Web page. Be sure you set
WIDTH and HEIGHT to be an appropriate size for the applet; depending on the browser, if
your applet draws ourside the boundaries of the space you've given it, you may not be
able to see or get to those parts of the applet outside the bounding box.

. The text between the <APPLET> and </APPLET> tags is displayed by browsers that do
not understand the <APPLET> tag (which includes most browsers that are not Java-
capable). Because your page may be viewed in many different kinds of browsers, it is a
very good idea to include alternate text here so that readers of your page who don’t
have Java will see something other than a blank line. Here, you include a simple
statement that says There would be an applet here if your browser supported
Java.

Note that the <APPLET> tag, like the <IMG> tag, is not itself a paragraph, so it should be enclosed
inside a more general text tag, such as <P> or one of the heading rags (<H1>, <H2>, and so on).

Testing the Result

Now with a class file and an HTML file that refers to your applet, you should be able to load
that HTML file into your Java-capable browser (using either the Open File... menu item or a
file URL, or by indicating the filename on a command line). The browser loads and parses your
HTML file, and then loads and execures your applet class.

Figure 8.2 shows the Hello Again applet, in case you've forgotten what it looks like.

Figure 8.2.
The Hello Again appler.

Making Java Applets Available to the Web

After you have an applet and an HTML file, and you've verified thar everything is working
correctly on your local system, the last step is making that applet available to the World Wide
Web at large so that anyone with a Java-capable browser can view that applet.
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Java Applet Basics

Java applets are served by a Web server the same way that HTML files, images, and other media
are. You don’t need special server software to make Java applets available to the Web; you don't
even need to configure your server to handle Java files. If you have a Web server up and running,
or space on a Web server available to you, all you have to do is move your HTML and compiled
class files to that server, as you would any other file.

If you don’t have a Web server, you have to rent space on one or set one up yourself. (Web server
setup and administration, as well as other facets of Web publishing in general, are outside the
scope of this book.)

More About the <APPLET> Tag

In its simplest form, by using CODE, WIDTH, and HEIGHT, the <APPLET> tag merely creates a space
of the appropriate size and then loads and runs the applet in that space. The <APPLET> tag,
however, does include several attributes that can help you better integrate your applet into the
overall design of your Web page.

A
..l

B veny SRR

i v i ¢ R R Rl R ¢

ALIGN

The ALTGN arttribute defines how the applet will be aligned on the page. This attribure can have
one of nine values: LEFT, RIGHT, TOP, TEXTTOP, MIDOLE, ABSMIDDLE, BASELINE, BOTTOM, and
ABSBOTTOM.

Inn the case of ALTGN=LEFT and ALIGN=RIGHT, the applet is placed at the left or right margins of the
page, respectively, and all text following that applet flows in the space to the right or left of thar
applet. The text will continue to flow in that space until the end of the appler, or you can use
aline break tag (<BR>) with the CLEAR attribute to start the left line of text below that applet. The
CLEAR artribute can have one of three values: CLEAR=LEFT starts the text at the next clear left
margin, CLEAR=RIGHT does the same for the right margin, and CLEAR=ALL starts the rextar the next
line where both margins are clear.

For example, here’s a snippet of HTML code that aligns an applet against the left margin, has
some text flowing alongside it, and then breaks at the end of the paragraph so that the next bit
of text starts below the applet:
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<P><APPLET CODE="HelloAgainApplet" WIDTH=300 HEIGHT=200
ALIGN=LEFT>Hello Again|</APPLET>

To the left of this paragraph is an applet. It's a
simple, unassuming applet, in which a small string is
printed in red type, set in 36 point Times bold.

<BR CLEAR=ALL>

<P>In the next part of the page, we demonstrate how
under certain conditions, styrofoam peanuts can be

used as a healthy snack.

Figure 8.3 shows how this applet and the text surrounding it might appear in a Java-capable

browser.

Figure 8.3.
An appler aligned lefr.

For smaller applets, you may want to include your applet within a single line of text. To do this.
there are seven values for ALIGN that determine how the applet is vertically aligned with the text:

ALIGN=TEXTTTOP aligns the top of the applet with the top of the tallest text in the line.
ALI6N=TOP aligns the applet with the topmost item in the line (which may be another
applet, or an image, or the top of the text).

ALIGN=ABSMIDOLE aligns the middle of the applet with the middle of the largest item in
the line.

| ALIGN=MIDOLE aligns the middle of the applet with the middle of the baseline of the
fext.

' ALIGN=BASELINE aligns the bortom of the applet with the baseline of the text.
ALIGN=BASELINE is the same as ALIGN=BOTTOM, but ALIGN=BASEL INE is a more descriptive
name.

| ALIGN=ABSBOTTOM aligns the bottom of the applet with the lowest item in the line
(which may be the baseline of the text or another applet or image).

Figure 8.4 shows the various alignment options, where the line is an image and the arrow is a

small applet,
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Java Applet Basies

Figure 8.4.
Applet alignment options.

HSPACE and VSPACE

TheHSPACE and VSPACE attributes are used to set the amount of space, in pixels, between an applet
and its surrounding text. HSPACE controls the horizontal space (the space to the lefr and right of
the appler). VSPACE controls the vertical space (the space above and below). For example, here's
that sample snippet of HTML with vertical space of 5@ and horizontal space of 10:

<P><APPLET CODE="HelloAgainApplet"' WIDTH=30@ HEIGHT=200
ALIGN=LEFT VSPACE=50@ HSPACE=1@>Hello Againl</APPLET>

To the left of this paragraph is an applet. It's a
simple, unassuming applet, in which a small string is
printed in red type, set in 36 point Times bold.

<BR CLEAR=ALL>

<P>In the next part of the page, we demonstrate how
under certain conditions, styrofoam peanuts can be

used as a healthy snack.

The result in a rypical Java browser might look like that in Figure 8.5.

140

Supplied by the British Library 03 Jun 2021, 08:28 (BST)

Petitioner's Exhibit 1005
Page 0062

IPR No. 2022-00572
Petitioner's Exhibit 1005
Page 0062



Figure 8.5.
Vertical and horizontal

space.

CODE and CODEBASE

CODE is used to indicate the name of the class file that holds the current applet. If coE is used
alone in the <APPLET> tag, the class file is searched for in the same directory as the HTML file

thar references it.

If you want 1o store your class files in a different directory than that of your HTML files, you
have to tell the Java-capable browser where to find those class files. To do this, you use CODEBASE.
CODE contains only the name of the class file; CODEBASE contains an alternate pathname where
classes are contained. For example, if you store your class files in a directory called /c1asses,
which is in the same directory as your HTML files, copeBaSE is the following:

<APPLET CODE="myclass.class" CODEBASE="classes"
WIDTH=10@ HEIGHT=100></APPLET>

Passing Parameters to Applets

With Java applications, you can pass parameters to your main() routine by using arguments on
the command line. You can then parse those arguments inside the body of your class, and the
application acts accordingly based on the arguments it is given.

Applets, however, don't have a command line. How do you pass in different arguments o an
applet? Applets can get different inpurt from the HTML file that contains the <APPLET> tag
through the use of applet parameters. To set up and handle parameters in an applet, you need
two things:
| A special parameter tag in the HTML file
Code in your applet to parse those parameters
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Applet paramerers come in two parts: a name, which is simply a name you pick, and a value,
which determines the value of that particular parameter. So, for example, you can indicate the
color of text in an applet by using a parameter with the name color and the value red. You can
determine an animation’s speed using a parameter with the name speed and the value s.

In the HTML fie thar contains the embedded applet, you indicate each parameter using the
<PARAM> tag, which has two attributes for the name and the value, called (surprisingly enough),
NAME and VALUE. The <PARAM> tag goes inside the opening and closing <APPLET> tags:

<APPLET CODE="MyApplet.class® WIDTH=100 HEIGHT=100>

<PARAM NAME=font VALUE="TimesRoman">

<PARAM NAME=size VALUE="38">

A Java applet appears here.</APPLET>

This particular example defines two parameters to the MyApplet applet: one whose name is font
and whose value is TimesRoman, and one whose name is size and whose value is 36.

Parameters are passed to your applet when it is loaded. In the init() method for your appler,
you can then get hold of those parameters by using the getParameter () method. getParanmeter ()
takes one argument—a string representing the name of the parameter you're looking for—and
returns a string containing the corresponding value of that parameter. (Like arguments in Java
applications, all the parameter values are strings.) To get the value of the font parameter from
the HTML file, you might have a line such as this in your init() method:

String theFontName = getParameter("font");

Non'rhemé‘&ummnqmﬁdmmni&mofﬁe

:Mhmwummw Mwmgﬁem
case. Inc muu- m'»nduﬁetmtﬁnmm NAME="Name ">

Note thar if a parameter you expect has not been specified in the HTML file, getParaneter()
returns null. Most often, you will want to test for a null parameter and supply a reasonable

defaulr:

if (theFontName == null)
theFontName = "Courier”

Keep in mind that getParameter () returns strings—if you wanr a parameter to be some other
object or type, you have to convert it yourself. To parse the size parameter from that same
HTML file and assign it to an integer variable called thesize, you might use the following lines:
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int theSize;
String s = getParameter("size");
if (s == null)

theSize = 12;
else theSize = Integer.parselnt(s);
Get it? Not yet? Let's create an example of an applet that uses this rechnique. You'll modify the
HelloAgainApplet so that it says hello to a specific name, for example *Hello Bill* or *Hello

Alice". The name is passed into the applet through an HTML parameter.

Let’s start by copying the original Hel1oAgainApplet class:

import java.awt.Graphics;
import java.awt.Font;
import java.awt.Color;

public class MoreHelloApplet extends java.applet.Applet {
Font f = new Font("TimesRoman®", Font.BOLD, 36):

public void paint(Graphics g) {
g.setFont(f);
g.setColor(Color.red);
g.drawString("Hello Againl®, §, 50);

}

The first thing you need to add to this class is a place for the name. Because you'll need that name
throughout the appler, let’s add an instance variable for the name, just after the variable for the
font:

String name;

To set a value for the name, you have to get the parameter. The best place to handle parameters
to an applet is inside an init() method. The init() method is defined similarly to paint()
(public, with no arguments, and a return type of void). Make sure when you test for a parameter
that you test for a value of nu1l. The default, in this case, if a name isn't indicated, is to say hello
to “Laura”;
public void init() {
name = getParameter(“name");

if (name == null)

name = ‘Laura";

}
One last thing to do now that you have the name from the HTML parameters is to modify the
name so that it’s a complete string—that is, to tack *Hello * onto the beginning, and an
exclamation point onto the end. You could do this in the paint method just before printing the
string to the screen. Here it's done only once, however, whereas in paint () it’s done every time
the screen is repainted—in other words, it’s slightly more efficient to do itinside init () instead:

name = "Hello " + name + "!*;
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And now, all that's left is to modify the paint() method. The original drawstring() method
looked like this:

g.drawString("Hello Again!®, 5, 50);

To draw the new string you have stored in the name instance variable, all you need to do is
substitute that variable for the literal string:

g.drawString(name, 5, 50);

Listing 8.3 shows the final result of the MoreHe110Applet class. Compile it so that you have a class
file ready.

Listing 8.3. The MoretelloApplet class.

1; import java.awt.Graphics;

2: import java.awt.Font;

3: import java.awt.Color;

4:

§: public class MoreHelloApplet extends java.applet.Applet {
6:

T: Font f = new Font("TimesRoman", Font.BOLD, 36);
8: String name;

9:

10: public void init() {

11: name = getParameter(“name");
12: if (name == null)

13: name = “Laura®;

14:

15: name = "Hello " + name + "!°;
16: }

17

18: public void paint(Graphics g) {
19: p.setFont(f);

20: g.setColor(Color.red);

21: g.drawString(name, 5, 50);
22:

23: }

Now, let’s create the HTML file that contains this applet. Listing 8.4 shows a new Web page
for the MoreHelloApplet applet.

TP Listing 8.4. The HTML file for the MoreHelloApplet applet.

<HTML>

<HEAD>
<TITLE>Hello!</TITLE>
</HEAD>

<BODY>

ol f
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6: <P>

7: <APPLET CODE="MoreHelloApplet.class” WIDTH=300 HEIGHT=50>
8: <PARAM NAME=name VALUE="Bonzo">

9: Hello to whoever you arel

19: </APPLET>

11: </BODY>

12: </HTML>

Norte the <ApPLET> tag, which points to the class file for the appler with the appropriate
& width and height (300 and 50). Just below it (line 8) is the <PARAM> tag, which you use to
pass in the name. Here, the NAME parameter is simply name, and the VALUE is the string

*Bonzo*.

Loading up this HTML file produces the result shown in Figure 8.6.

Figure 8.6.
The result of
MoreHelloApplet, first rry.

Let's try a second example. Remember thart in the code for MoreHelloApplet, if no name is
specified, the default is the name *Laura*. Listing 8.5 creates an HTML file with no parameter
tag for name.

Listing 8.5. Another HI'ML File for the
MoreHelloApplet applet.

<HTML>

<HEAD>
<TITLE>Hello!</TITLE>
</HEAD>

<BODY>

1 <P>

: <APPLET CODE="MoreHelloApplet.class" WIDTH=300 HEIGHT=5@>
Hello to whoever you are!
9: </APPLET>

10: </BODY>

112 </HTML>

-

ONDOE LN -
. e ws ws se ae

Here, because no name was supplied, the applet uses the default, and the result is what you might
expect (see Figure 8.7).
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Figure 8.7.
The result of

MoreHelloApplet,
second try.

Summary

Applets are probably the most common use of the Java language today. Applets are more
complicated than many Java applications because they are executed and drawn inline within
Web pages, but they can access the graphics, user interface, and event structure provided by the
Web browser itself. Today, you learned the basics of creating applets, including the following
things:

1 All applets you develop using Java inherit from the Applet class, part of the
java.applet package. The Applet class provides basic behavior for how the applet will
be integrated with and react to the browser and various forms of input from thar
browser and the person running it. By subclassing Applet, you have access to all that
behavior.

1 Applets have five main methods, which are used for the basic activities an applet
performs during its life cycle: init(), start(), stop(), destroy(), and paint().
Although you don't need to override all these methods, these are the most common
methods you'll see repeated in many of the applets you'll create in this book and in
other sample programs.

" To run a compiled applet class file, you include it in an HTML Web page by using
the <APPLET> tag. When a Java-capable browser comes across <APPLET>, it loads and
runs the applet described in that tag. Note that to publish Java applets on the World
Wide Web alongside HTML files you do not need special server software; any plain
old Web server will do just fine.

Unlike applications, applets do not have a common line on which to pass arguments,
so those arguments must be passed into the applet through the HTML file thar
contains it. You indicate parameters in an HTML file by using the <PARAM> tag inside
the opening and closing <APPLET> tags. <PARAM> has two attributes: NAME for the name
of the parameter, and VALUE for its value. Inside the body of your applet (usually in
init()), you can then gain access to those parameters using the getParameter ()
method.
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[
Q&A

Q In the first part of today’s lesson, you say that applets are downloaded from
random Web servers and run on the client’s system. What's to stop an applet
developer from creating an applet that deletes all the files on that system, or in
some other way compromises the security of the system?

A Recall that Java applets have several restrictions that make it difficult for all of the
more obvious malicious behavior to rake place. For example, because Java applers
cannot read or write files on the client system, they cannor delete files or read system
files that might contain private information. Because they cannot run programs on the
client’s system without your express permission, they cannot, for example, run system
programs pretending to be you. Nor can they run so many programs that your system
crashes.

In addition, Java’s very architecture makes it difficult to circumvent these restrictions.
The language itself, the Java compiler, and the Java interpreter all have checks to make
sure that no one has tried to sneak in bogus code or play games with the system itself.

You'll learn more abourt these checks ar the end of this book.

Of course, no system can claim to be 100% secure, and the fact that Java applets are
run on your system should make you suspicious—see Day 21 for more on security.

Q Wait a minute. If I can’t read or write files or run programs on the system the
applet is running on, doesn’t that mean I basically can’t do anything other than
simple animations and flashy graphics? How can I save state in an applet? How
can | create, say, a word processor or a spreadsheet as a Java applet?

A For everyone who doesn’t believe that Java is secure enough, there is someone who
believes that Java's security restrictions are too severe for just these reasons. Yes, Java
applets are limited because of the security restrictions. But given the possibility for
abuse, | believe thar it’s better to err on the side of being more conservative as far as
security is concerned. Consider it a challenge.

Keep in mind, also, that Java applications have none of the restrictions that Java
applets do, but because they are also compiled ro bytecode, they are portable across
platforms. It may be thart the thing you want to create would make a much better
application than an applet.

Q 1 have an older version of HotJava. I followed all the examples in this section,
but HotJava cannot read my applets (it seems to ignore them). What’s going on?
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A You most likely have an alpha version of Hotjava. Recall that significant changes were
made to the Java APl and how Java applets are written between alpha and the 1.0
release. The results of these changes are that browsers that support alpha applets
cannot read beta applets, and vice versa. The HTML tags are even different, so an
older browser just skips over newer applets, and vice versa.

By the time you read this, there may be a new version of HotJava with support for
1.0. If not, you can use Netscape 2.0 or the JDK's applet viewer to view applets
written to the beta specification.

Q 1 noticed in my documentation that the <APPLET> tag also has a NAME attribute.
You didn’t discuss it here.

A NAME is used when you have multiple applets on a page that need to communicare with
each other. You'll learn about this on Day 12,

Q 1 have an applet that takes parameters and an HTML file that passes it those
parameters. But when my applet runs, all I get are null values. What's going on
here?

A Do the names of your parameters (in the NAME attribute) match exactly with the names
you're testing for in getParameter ()? They must be exact, including case, for the
match to be made. Make sure also that your <PARAM> tags are inside the opening and
closing <APPLET> tags, and that you haven't misspelled anything.
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Simple Animation and Threads

The first thing | ever saw Java do was an animation: a large red *Hi there!* that ran across the
screen from the right to left. Even that simple form of animation was enough to make me stop
and think, “this is really cool.”

That sort of simple animation takes only a few methods to implement in Java, but those few
methods are the basis for any Java applet that you want to update the screen dynamically.
Starting with simple animations is a good way to build up to more complicated applets. Today,
you'll learn the fundamentals of animation in Java: how the various parts of the system all work
together so that you can create moving figures and dynamically updareable applets. Specifically,
you'll explore the following:

~ How Java animations work—the paint () and repaint () methods, starting and
stopping dynamic applets, and how to use and override these methods in your own
applets

|| Threads—what they are and how they can make your applets more well-behaved with
other applets and with the Java system in general

| Reducing animarion flicker, a common problem with animation in Java

Throughout today, you'll also work with lots of examples of real applets that create animations
or perform some kind of dynamic movement.

Creating Animation in Java

Animation in Java involves two steps: constructing a frame of animation, and then asking Java
to paint thar frame. Repeat as necessary to create the illusion of movement. The basic, static
applets that you created yesterday taught you how to accomplish the first part; all that’s left is
how to tell Java to painr a frame.

Painting and Repainting
The paint () method, as you learned yesterday, is called by Java whenever the applet needs to
be painted—when the applet is initially drawn, when the window containing it is moved, or
when another window is moved from over it. You can also, however, ask Java to repaint the
appletat a time you choose. So, to change the appearance of what is on the screen, you construct
the image or “frame” you want to paint, and then ask Java to paint this frame. If you do this
repeatedly, and fast enough, you get animation inside your Java applet. That's all there is to it.

Where does all this take place? Not in the paint () method itself. All paint () does is pur dots
on thescreen. paint (), in otherwords, is responsible only for the current frame of the animation.
The real work of changing what paint () does, of modifying the frame for an animation, actually
occurs somewhere else in the definition of your appler.
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In that “somewhere else,” you construct the frame (set variables for paint () to use, create Color
or Font or other objects that paint () will need), and then call the repaint () method. repaint()
is the trigger that causes Java to call paint () and causes your frame to get drawn.

- Technical Note: Because a Java applet can contain many different components

thar all need to be painted (as you'll learn later on this week), lﬂdmﬁct,aw

- are embedded insidec a larger Java application that also paints to the screenin =~
‘ Wmmmﬂmimtl(mwmtu)mnmm

- immediately drawing to the screen as you do in other window or graphics toolkits.
Instead, repaint() is a request for Java to repaint your applet as soon as it can. Also,
fmmmim()mmmdemaﬁenmmddm,ﬂwmmy
only call repaint() mbraﬂnfﬁmm:dmfﬁunme,chcdnhyhmm

ullandthcmnitc:pumunqhgﬂﬂe.

Starting and Stopping
an Applet’s Execution

Remember start () and stop() from Day 82 These are the methods thar trigger your appler to
startand stop running. You didn't use start () and stop() yesterday, because the applets on that
day did nothing except paint once. With animations and other Java applets thar are acrually
processing and running over time, you'll need to make use of start () and stop() to trigger the
start of your applet’s execution, and to stop it from running when you leave the page that
contains that applet. For many applets, you’ll want to override start and stop for just this
reason.

The start() method triggers the execution of the applet. You can either do all the applet’s work
inside that method, or you can call other object’s methods in order to do so. Usually, start()
is used to create and begin execution of a thread so the applet can run in its own time.

stop(), on the other hand, suspends an applet’s execution so when you move off the page on
which the applet is displaying, it doesn’t keep running and using up system resources. Most of
the time when you create a start () method, you should also create a corresponding stop().

Putting It Together

Explaining how to do Java animation is more of a task than actually showing you how it works
in code. An example or two will help make the relationship berween all these methods clearer.

Listing 10.1 shows a sample appler thar, at first glance, uses basic applet animation to display
the date and time and constantly updates it every second, creating a very simple animated digital
clock (a frame from that clock is shown in Figure 10.1). 1

-]
wn
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Simple Animation and Threads

The words “at first glance” in the previous paragraph are very important: this applet doesn't

work!

However, despite the fact that it doesn’t work, you can still learn a lot about basic

animation with it, so working through the code will still be valuable. In the next section, you'll

learn

Seew!

just what's wrong with it.

hether you can figure out what's going on with this code before you go on to the analysis.

Listing 10.1. The Date applet.

BB D WN - |IIIII
ettt

import java.awt.Graphics;
import java.awt.Font;
import java.util.Date;

public class DigitalClock extends java.applet.Applet {

Font theFont = new Font("TimesRoman", Font.BOLD, 24);
Date theDate;

18: public void start() {
112 while (true) {
12: theDate = new Date();
13: repaint();
14: try { Thread.sleep(100@); }
15: catch (InterruptedException e) { }
16: }
17: }
18:
19: public void paint(Graphics g) {
20: g.setFont(theFont);
i1 g.drawString(theDate.toString(), 19, 50);
22: }
23: }
Figure 10.1.
The digital clock.

& Think you've got the basic idea? Let's go through it, line by line.

Lines

7 and 8 define two basic instance variables: theFont and thebate, which hold objects

representing the current font and the current date, respectively. More about these later.
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The start () method triggers the actual execution of the applet. Note the while loop inside this
method; given that the test (true) always returns true, the loop never exits. A single animation
frame is constructed inside that while loop, with the following steps:

The pate class represents a date and time (pate is part of the java.util package—note
that it was specifically imported in line three). Line 12 creates a new instance of the
Date class, which holds the current date and time, and assigns it to the theDate
instance variable.

| The repaint () method is called.

Lines 14 and 15, as complicated as they look, do nothing excepr pause for 1000
milliseconds (one second) before the loop repeats. The sleep() method there, part of
the Thread class, is what causes the applet to pause. Withour a specific sleep()
method, the applet would run as fast as it possibly could, which, for most computer
systems, would be too fast for the eye to see. Using sieep() enables you to control
exactly how fast the animarion rakes place. The try and catch stuff around it enables
Java to manage errors if they occur. try and caten handle exceptions and are described
on Day 17, next week.

On to the paint() method. Here, inside paint (), all that happens is that the current font (in
the variable theFont) is set, and the date itselfis printed to the screen (note that you have to call
the toString () method to convertthe datetoa string). Because paint () is called repeatedly with
whatever value happens to be in thedate, the string is updated every second to reflect the new

date.

There are a few things to note about this example. First, you might think it would be easier to
create the new Date object inside the paint () method. That way you could use a local variable
and not need an instance variable to pass the bate object around. Although doing things that
way creates cleaner code, it also results in a less efficient program. The paint () method is called
every time a frame needs to be changed. In this case, it’s not that important, but in an animation
that needs to change frames very quickly, the paint() method has to pause ro create that new
object every time. By leaving paint() to do what it does best—painting the screen—and
calculating new objects before hand, you can make painting as efficient as possible. This is
precisely the same reason why the Font object is also in an instance variable.

Threads: What They Are
and Why You Need Them

Depending on your experience with operating systems and with environments within those
systems, you may or may not have run into the concepr of threads. Let’s start from the beginning
with some definitions.
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Simple Animation and Threads

When a program runs, it starts executing, runs its initialization code, calls methods or
procedures, and continues running and processing until it’s complete or until the program is
exited. That program uses a single thread—where the thread is a single locus of control for the
program.

Multithreading, as in Java, enables several different execution threads to run at the same time
inside the same program, in parallel, without interfering with each other.

Here's a simple example. Suppose you have a long computation near the start of a program’s
execution. This long computation may not be needed until later on in the program’s
execution—it's actually tangential to the main point of the program, but it needs to get done
eventually. In a single-threaded program, you have to wait for that computation to finish before
the rest of the program can continue running. In a multithreaded system, you can pur that
computation into its own thread, enabling the rest of the program to continue running
independently.

Using threads in Java, you can create an applet so that it runs in itsown thread, and it will happily
run all by itself without interfering with any other part of the system. Using threads, you can
have lots of applets running at once on the same page. Depending on how many you have, you
may eventually tax the system so that all of them will run slower, bur all of them will still run
independently.

Even if you don't have lots of applets, using threads in your applets is good Java programming
practice. The general rule of thumb for well-behaved applets: whenever you have any bit of
processing that is likely to continue for a long time (such as an animation loop, or a bit of code
that takes a long time to execute), put it in a thread.

The Problem with the Digital Clock Applet

That Digital Clock applet in the last section doesn't use threads. Instead, you put thewhile loop
that cycles through the animation directly into the start () method so that when the applet starts
running it keeps going until you quit the browser or applet viewer. Although this may seem like
a good way to approach the problem, the digital clock won't work because the while loop in the
start() method is monopolizing all the resources in the system—including painting. If you try
compiling and running the digital clock applet, all you get is a blank screen. You also won't be
able to stop the applet normally, because there’s no way a stop() method can ever be called.

The solution to this problem is to rewrite the applet to use threads. Threads enable this applet
to animate on its own without interfering with other system operations, enable it to be started
and stopped, and enable you to run it in parallel with other applets.
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Writing Applets with Threads

How do you create an applet that uses threads? There are several things you need to do.
Fortunately, none of them are difficult, and a lot of the basics of using threads in applets is just
boilerplate code that you can copy and paste from one applet to another. Because it's so casy,
there’s almost no reason 7o# to use threads in your applets, given the benefits.

There are four modifications you need to make to create an applet that uses threads:

- Change the signature of your applet class to include the words implements Runnable.
Include an instance variable to hold this applet’s thread.
Madify your start() method to do nothing but spawn a thread and start it running,
Create a run() method that contains the acrual code that starts your applet running,

The first change is to the first line of your class definition. You've already got something like this:

public class MyAppletClass extends java.applet.Applet {
}
You need to change it to the following:

public class MyAppletClass extends java.applet.Applet implements Runnable {

What does this do? It includes support for the Runnable interface in your applet. If you think
way back to Day 2, you'll remember that interfaces are a way to collect method names common
to different classes, which can then be mixed in and implemented inside different classes that
need to implement that behavior. Here, the Runnable interface defines the behavior your applet

needs to run a thread; in particular, it gives you a default definition for the run() method. By
implementing Runnable you tell others that they can call the Run() method on your instances.

The second step is to add an instance variable to hold this applet’s thread. Call it anything you
like; it's a variable of the type Thread (Thread is a class in java. 1ang, so you don’t have to import
it):

Thread runner;

Third, add a start () method or modify the existing one so that it does nothing but create a new
thread and start it running. Here's a typical example of a start () method:

public void start() {
if (runner == null); {
runner = new Thread(this);
runner.start();
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Simple Animation and Threads

If you modify start () to do nothing but spawn a thread, where does the body of your applet
go? It goes into a new method, run(), which looks like this:

public void run() {
// what your applet actually does
}

run() can contain anything you want to run in the separate thread: initalization code, the actual
loop for your applet, or anything else that needs to run in its own thread. You also can create
new objects and call methods from inside run( ), and they'll also run inside that thread. The run
method is the real heart of your applet.

Finally, now that you've got threads running and a start method to start them, you should add
astop() method to suspend execution of that thread (and therefore whatever the applet is doing
at the time) when the reader leaves the page. stop(), like start(), is usually something along
these lines:

public void stop() {
if (runner != null) {

runner.stop();

runner = null;

}
}

The stop() method here does two things: it stops the thread from execurting and also sets the
thread’s variable runner to null. Setting the variable to nu11 makes the Thread object it previously
contained available for garbage collection so that the applet can be removed from memory after
a certain amount of time, If the reader comes back to this page and thisapplet, the start method
creates a new thread and starts up the applet once again.

And that's it! Four basic medifications, and now you have a well-behaved applet that runsin its
own thread.

Fixing The Digital Clock

Remember the problems you had with the Digiral Clock appler at the beginning of this section?
Let’s fix them so you can get an idea of how a real applet with threads looks. You'll follow the
four steps outlined in the previous section.

First, modify the class definition to include the Runnable interface (the class is renamed to
DigitalThreads instead of DigitalClock):

public class DigitalThreads extends java.applet.Applet implements Runnable {

}

Second, add an instance variable for the Thread:

Thread runner;
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For the third step, swap the way you did things. Because the bulk of the applet is currently in
a method called start(), but you want it to be in a method called run(), rather than do a lot
of copying and pasting, just rename the existing start() to run():

public void run() {

}
Finally, add the boilerplate start() and stop() methods:

public void start() {
if (runner == null); {
runner = new Thread(this);
runner.start();

}

public void stop() {
if (runner != null) {
runner.stop();
runner = null;

}

You're finished! One applet converted to use threads in less than a minute flat. The code for the
final applet appears in Listing 10.2.

M Listing 10.2. The fixed digital clock applet.

import java.awt.Graphics;
2: 1import java.awt.Font;
3: import java.util.Date;

4:

§: public class DigitalThreads extends java.applet.Applet
6: implements Runnable {

T

8: Font theFont = new Font(*TimesRoman", Font.BOLD, 24);
9: Date theDate;

1e: Thread runner;

11:

12: public void start() {

13: if (runner == null); {

14: runner = new Thread(this);
152 runner.start();

16: }

17 }

18:

19: public void stop() {
20: if (runner != null) {
21: runner.stop();
22: runner = null;
23: }

24: }

coRiInses
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Simple Animation and Threads

Listing 10.2. continued

25:

26: public void run() {

27: while (true) {

28; theDate = new Date();

29: repaint();

30: try { Thread.sleep(1000); }

313 catch (InterruptedException e) { }
32: }

33: }

34:

35: public void paint(Graphics g) {

36: g.setFont(theFont);

37: g.drawString(theDate.toString(),10,50);
38: }

39: )

40:

Reducing Animation Flicker

If you've been following along with this book and trying the examples as you go, rather than
reading this book on an airplane or in the bathtub, you may have noriced that when the date
program runs every once in a while, there's an annoying flicker in the animation. (Not that
there’s anything wrong with reading this book in the bathtub, but you won't see the flicker if
you do that, so just trust me—there's a flicker.) This isn"t a mistake or an error in the program;
in fact, thar flicker is a side effect of creating animarions in Java. Because it is really annoying,
however, you'll learn how to reduce flicker in rhis part of today’s lesson so that your animations
run cleaner and look better on the screen.

Flicker and How to Avoeid It

Flicker is caused by the way Java paints and repaints each frame of an applet. At the beginning
of today's lesson, you learned that when you call the repaint () method, repaint () calls paint().
That's not precisely true. A call to paint() does indeed occur in response to a repaint (), but
what actually happens are the following steps:

1. The call to repaint() results in a call to the method update().

2. The update() method clears the screen of any existing contents (in essence, fills it with
the current background color), and then calls paint ().

3. The paint() method then draws the contents of the current frame.
It’s Step 2, the call to update(), that causes animation flicker. Because the screen is cleared

berween frames, the parts of the screen that don’t change alternate rapidly between being painted
and being cleared. Hence, flickering.
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There are two major ways to avoid flicker in your Java applets:

Override update() either not to clear the screen ar all, or to clear only the parts of the
screen you've changed.

Override both update() and paint(), and use double-buffering.

If the second way sounds complicated, that’s because it is. Double-buffering involves drawing
to an offscreen graphics surface and then copying thar entire surface to the screen. Because it's
more complicated, you'll explore that one tomorrow. Today, let’s cover the easier solution:
overriding update().

How to Override Update

The cause of flickering lies in the update () method. To reduce flickering, therefore, override
update(). Here's whar the default version of update () does (in the component class, which you'll
learn more about on Day 13):

public void update(Graphics g) {
g.setColor(getBackground());
g.fillRect(@, @, width, height);
g.setColor(getForeground());
paint(g);

Basically, update() clears the screen (or, to be exact, fills the applet’s bounding rectangle with
the background color), sets things back to normal, and then calls paint (). When you override
update (), you have to keep these two things in mind and make sure that your version of update ()
docs something similar. In the next two sections, you'll work through some examples of
overriding update() in different cases to reduce flicker.

Solution One: Don’t Clear the Screen

The first solution to reducing flicker is not to clear the screen at all. This works only for some
applets, of course. Here's an example of an applet of this type. The ColorSwirl applet prints a
single string to the screen ("ALl the swirly colors®), but that string is presented in different
colors thar fade into each other dynamically. This applet flickers terribly when it’s run. Listing
10.3 shows the source for this applet, and Figure 10.2 shows the result.

m Listing 10.3. The ColorSwirl applet.

1: import java.awt.Graphics;
2: import java.awt.Color;

3: import java.awt.Font;
4:

consines
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Simple Animation and Threads

Listing 10.3. continued
5: public class ColorSwirl extends java.applet.Applet

6: implements Runnable {

T

8: Font f = new Font("TimesRoman"®,Font.BOLD,48);
9: Color colors[] = new Color[50];

10: Thread runThread;

11:

12: public void start() {

13: if (runThread == null) {

14: runThread = new Thread(this);

15: runThread.start();

16: }

17: }

18:

19: public void stop() {

20: if (runThread != null) {

21: runThread.stop();

22: runThread = null;

23: }

24; }

25:

26: public void run() {

27:

28: // initialize the color array

29: float ¢ = 0;

30: for (int i = @; i < colors.length; i++) {
3 colorsfi] =

32: Color.getHSBColor(c, (float)1.0,(float)1.9);
33: c += .02;

34: }

35:

36: // cycle through the colors

37: int 1 = 9;

38: while (true) {

39: setForeground(colors[i]);

40: repaint();

41: 14+

42: try { Thread.sleep(50@); }

43: catch (InterruptedException e) { }
44: if (i == colors.length ) 1 = @;
45: }

46: }

47:

48: public void paint(Graphics g) {

49: g.setFont(f);

50: g.drawString(“"All the Swirly Colors®, 15, 50);
51: }

52: }
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Figure 10.2.

The ColorSwirl applet. All the SWi rl‘v C{ )l( ’rS

There are three new things to note abour this applet that might look strange to you:

AT

When the appler starts, the first thing you do (in lines 28 through 34) is to create an
array of Color objects that contains all the colors the text will display. By creating all
the colors beforehand, you can then just draw text in that color, one at a time; it's
casier to precompute all the colors at once.

To create the different colors, a method in the Color class called getHsBcolor() creates
a color object based on values for hue, saturation, and brightness, rather than the
standard red, green, and blue. By incrementing the hue value and keeping saturation
and brightness constant you can create a range of colors without having to know the
RGB for each one. If you don’t understand this, don’t worry about it; it's just an casy
way to create the color array.

- The applet then cycles through the array of colors, setting the foreground ro each one
in turn and calling repaint. When it gets to the end of the array, it starts over again
(line 44), so the process repeats over and over ad infinitum.

Now that you understand what the applet does, let’s fix the flicker. Flicker here results because
each time the applet is painted, there’s 2 moment where the screen is cleared. Instead of the text
cycling neatly from red to a nice pink to purple, it's going from red to grey, to pink to grey, to
purple ro grey, and so on—not very nice looking at all.

Because the screen clearing is all that’s causing the problem, the solution is easy: override
update() and remove the part where the screen gets cleared. It doesn’t really need to get cleared
anyhow, because nothing is changing except the color of the text. With the screen clearing
behavior removed from update(), all update needs to do is call paint(). Here's what the
update() method looks like in this appler:

public void update(Graphics g) {
paint(g);

With that—with one small three-line addition—no more flicker. Wasn’t that easy?
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Simple Animation and Threads

Solution Two: Redraw

Only What You Have To

For some applets, it won't be quite that easy. Here's another example. In this applet, called
Checkers, a red oval (a checker piece) moves from a black square to a white square, as if on a
checkerboard. Listing 10.4 shows the code for this applet, and Figure 10.3 shows the applet
ieself.

m Listing 10.4. The Checkers applet.

1 import java.awt.Graphics;

2: import java.awt.Color;

3:

4: public class Checkers extends java.applet.Applet
5: implements Runnable {

6:

TS Thread runner;

8: int xpos;

9:

10: public void start() {

11: if (runner == null); {

12: runner = new Thread(this);

13: runner.start();

14: }

15: }

16:

14 public void stop() {

18: if (runner != null) {

19: runner.stop();

20: runner = null;

21: }

22: }

24: public void run() {

25: setBackground(Color.blue);

26: while (true) {

27: for (xpos = 5; xpos <= 105; xpost+=4) {
28: repaint();

29: try { Thread.sleep(100); }

30: catch (InterruptedException e) { }
3 }

32: for (xpos = 105; xpos > 5; xpos -=4) {
33: repaint();

34: try { Thread.sleep(100); }

35: catch (InterruptedException e) { }
36: }

37: }

38: }

39:

40: public void paint(Graphics g) {

41: /! Draw background

42: g.setColor(Color.black);

186

Supplied by the British Library 03 Jun 2021, 08:32 (BST)

Petitioner's Exhibit 1005
Page 0084

IPR No. 2022-00572
Petitioner's Exhibit 1005
Page 0084



43: g.fillRect (@, 0, 100, 100);

44: g.setColor(Color.white);
45: g.fillRect (101, 0, 100, 100);
46:
47: /| Draw checker
48: g.setColor(Color.red);
49: g.fillOval(xpos, 5, 9@, 90);
50: }
51: }
Figure 10.3.

The Checkers applet.

Here’s a quick run-through of what this applet does: an instance variable, xpos, keeps track

& of the current starting position of the checker (because it moves horizontally, the y stays

constant and the x changes). In the run() method, you change the value of x and repaint,

waiting 100 milliseconds between each move. The checker moves from one side of the screen
to the other and then moves back (hence the two for loops in that method).

In the actual paint () method, the background squares are painted (one black and one white),
and then the checker is drawn at its current position.

Thisapplet, like the Swirling Colors applet, also has a terrible flicker. (In line 25, the background
is blue ro emphasize it, so if you run this applet you'll definitely see the flicker.)

However, the solution to solving the flicker problem for this applet is more difficult than for the
last one, because you actually want to clear the screen before the next frame is drawn. Otherwise,
the red checker won’t have the appearance of leaving one position and moving to another; it'll
just leave a red smear from one side of the checkerboard to the other.

How do you get around this? You still clear the screen, in order to get the animation effect, bur,
rather than clearing the entire screen, you clear only the part that you actually changed. By
limiting the redraw to only a small area, you can eliminate much of the flicker you get from
redrawing the entire screen.
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Simple Animation and Threads

To limit what gets redrawn, you need a couple of things. First, you need a way to restrict the
drawing area so that each time paint () is called, only the part that needs to get redrawn actually
gets redrawn. Fortunately, this is easy by using a mechanism called clipping,

NEWs Clipping, part of the graphics class, enables you to restrict the drawing area to a small
TERM portion of the full screen; although the entire screen may get instructions to redraw, only

the portions inside the clipping area are actually drawn.

The second thing you need is a way to keep track of the actual area to redraw. Both the left and
right edges of the drawing area change for each frame of the animation (one side to draw the new

oval, the other to erase the bit of the oval left over from the previous frame), so to keep track of
those two x values, you need instance variables for both the left side and the righr.

With those two concepts in mind, let’s start modifying the Checkers applet to redraw only what
needs to be redrawn. First, you'll add instance variables for the left and right edges of the drawing
area. Let’s call those instance variables ux1 and ux2 (u for update), where ux1 is the left side of

the area to draw and ux2 the right.

int ux1,ux2;

Now let’s modify the run() method so that it keeps track of the actual area to be drawn, which
you would think is easy—just updare each side for each iteration of the animation. Here,
however, things can get complicated because of the way Java uses paint () and repaint().

The problem with updating the edges of the drawing area with each frame of the animation is
that for every call to repaint () there may not be an individual corresponding paint () . If system
resources get tight (because of other programs running on the system or for any other reason),
paint () may not get executed immediately and several calls to paint() may queue up waiting
for their turn o change the pixels on the screen. In this case, rather than trying ro make all those
calls to paint () in order (and be potentially behind all the time), Java catches up by executing
only the most recent call to paint () and skips all the others.

If you update the edges of the drawing area with cach repaint () , and a couple of calls to paint ()
are skipped, you end up with bits of the drawing surface not being updated and bits of the oval
left behind. There’s a simple way around this: update the leading edge of the oval each time the
frame updares, but only update the trailing edge if the most recent paint has actually occurred.
This way, if a couple of calls to paint() get skipped, the drawing area will get larger for each
frame, and when paint() finally gets caught up, everything will get repainted correctly.

Yes, this is horrifyingly complex. If I could have written this applet simpler, [ would have, but
without this mechanism the applet will not get repainted correctly. Let’s step through it slowly
in the code so you can get a better grasp of whar's going on at cach step.

Let's start with run() , where each frame of the animation takes place. Here's where you calculate
each side of the drawing area based on the old position of the oval and the new position of the
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oval. When the oval is moving toward the left side of the screen, this is easy. The value of ux1
(the left side of the drawing area) is the previous oval’s x position (xpos), and the value of uxz
is the x position of the current oval plus the width of that oval (90 pixels in this example).

Here's what the old run() method looked like, to refresh your memory:

public void run() {
setBackground(Color.blue);
while (true) {
for (xpos = 5; xpos <= 105; xpos += 4) {
repaint(),;
try { Thread.sleep(100); }
catch (InterruptedException e) { }

for (xpos = 185; xpos > 5; xpos -= 4) {
repaint();
try { Thread.sleep(100); }
catch (InterruptedException e) { }

}

In the first for loop in the run() method, where the oval is moving towards the right, you first
update ux2 (the right edge of the drawing area):

ux2 = xpos + 90;

Then, after the repaint () has occurred, you update ux1 to reflect the old x position of the oval.
However, you want to update this value only if the paint actually happened. How can you tell
if the paint actually happened? You can reset ux1 in paint() to a given value (0), and then test
to see whether you can updare that value or whether you have to wait for the paint () to occur:

if (ux1 == @) ux1 = Xpos;

Here's the new, completed for loop for when the oval is moving to the right:

for (xpos = 5; xpos <= 105; xpos += 4) {
ux2 = xpos + 90;
repaint();
try { Thread.sleep(100); }
catch (InterruptedException e) { }
if (ux1 == @) ux1 = xpos;
}
When the oval is moving to the left, everything flips. ux1, the left side, is the leading edge of the
oval that gets updated every time, and ux2, the right side, has ro wait to make sure it gets updated.

So, in the second for loop, you first update ux1 to be the x position of the current oval:
ux! = xpos;
Then, after the repaint() is called, you test to make sure the paint happened and update ux2:

if (ux2 == @) ux2 = xpos + 90;
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Simple Animation and Threads

Here's the new version of the second for loop inside run():

for (xpos = 185; xpos > 5; xpos -= 4) {

ux1 = Xpos;

repaint();

try { Thread.sleep(100); }

catch (InterruptedException e) { }

if (ux2 == B) ux2 = xpos + 9@;
}
Those are the only modifications run() needs. Let's override update() to limit the region that
is being painted to the leftand right edges of the drawing area that you set inside run() . To clip
the drawingarea toaspecific rectangle, use theclipRect () method. clipRect (), like drawRect (),
fillRect(), and clearRect(), is defined for graphics objects and takes four arguments: x and

y starting positions, and width and height of the region.

Here's where ux1 and ux2 come into play. ux1 is the x point of the top corner of the region; then
use ux2 to get the width of the region by subtracting ux1 from that value. Finally, to finish
update (), you call paint():
public void update(Graphics g) {

g.clipRect{ux1, 5, ux2 - ux1, 95);

paint(g);

}

Note that with the clipping region in place, you don’t have to do anything to the actual paint ()
method. paint () goes ahead and draws to the entire screen each time, bur only the areas inside
the clipping region actually get changed on screen.

You need to update the trailing edge of each drawing area inside paint() in case several calls to
paint () were skipped. Because you are testing for a value of @ inside run(), you merely reset ux1
and ux2 to 0 after drawing everything:

uxl = ux2 = @;

Those are the only changes you have to make to this applet in order to draw only the parts of
the applet that changed (and to manage the case where some frames don't ger updared
immediately). Although this doesn’t rotally eliminate flickering in the animation, it does reduce
it a great deal. Try it and see. Listing 10.5 shows the final code for the Checkers applet.

Listing 10.5. The final Checkers applet.

: import java.awt.Graphics;
import java.awt.Color;

: public class Checkers2 extends java.applet.Applet implements Runnable {

Thread runner;
int xpos;

~SNounsLN-—-
e we we o
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8: int uxi,ux2;

9:

10: public void start() {

11: if (runner == null); {

12: runner = new Thread(this);

133 runner.start();

14: }

15: }

16:

174 public void stop() {

18: if (runner != null) {

19: runner.stop();

20: runner = null;

21z }

22; }

23:

24: public void run() {

25 setBackground(Color.blue);

26: while (true) ({

20 for (xpos = 5; xpos <= 105; xpos += 4) {
28: ux2 = xpos + 90;

29: repaint();

30: try { Thread.sleep(100); }
31: catch (InterruptedException e) { }
32: if (ux1 == @) ux1 = xpos;
33: }

34; for (xpos = 105; xpos > 5; xpos -= 4) {
35: ux1 = Xpos;

36: repaint();

37: try { Thread.sleep(100); }
38: catch (InterruptedException e) { }
39: if (ux2 == @) ux2 = xpos + 90;
49: }

41: }

42: }

43: public void update(Graphics g) {

44: g.clipRect(ux1, 5, ux2 - ux1, 95);
45: paint(g);

46: }

47:

48: public void paint(Graphics g) {

49: /1 Draw background

50: g.setColor(Color.black);

511 g.fillRect(@, @, 100, 100);

52: g.setColor(Color.white);

53: g.fillRect(101, @, 100, 100);

54:

55: /! Draw checker

56: g.setColor(Color.red);

57: g.fillOval(xpos, 5, 90, 90);

58:

59: // reset the drawing area

60: uxl! = ux2 = 9;

61: }

62: )
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Simple Animation and Threads

Summary

Congratulations on gerrting through Day 10! This day was a bit rough; you've learned a lot, and
it all might seem overwhelming. You learned about a plethora of methods to use and override:
start(), stop(), paint(), repaint(), run(), and update()—and you got a solid foundation in
creating and using threads.

After today, you're over the worst hurdles in terms of understanding applets. Other than
handling bitmap images, which you'll learn about tomorrow, you now have the basic
background to create just about any animation you want in Java.

Q&A

Q Why all the indirection with paint() and repaint() and update() and all that?
Why not have a simple paint method that just puts stuff on the screen when you
want it there?

A The Java AWT toolkit enables you to nest drawable surfaces within other drawable
surfaces. When a paint () takes place, all the parts of the system are redrawn, starting
from the outermost surface and moving downward into the most nested one. Because
the drawing of your appler takes place at the same time everything else is drawn, your
applet doesn’t get any special treatment. Your applet will be painted when everything
else is painted. Although with this system you sacrifice some of the immediacy of
instant painting, it enables your applet to co-exist with the rest of the system more
cleanly.

Q Are Java threads like threads on other systems?

A Java threads have been influenced by other thread systems, and if you're used ro
working with threads, many of the concepts in Java threads will be very familiar to
you. You learned the basics today; you'll learn more next week on Day 18.

Q When an applet uses threads, I just have to tell the thread to start and it starts,
and tell it to stop and it stops? That’s it? I don’t have to test anything in my loops
or keep track of its state? It just stops?

A It just stops. When you put your applet into a thread, Java can control the execution
of your applet much more readily. By causing the thread to stop, your applet just
stops running, and then resumes when the thread starts up again. Yes, it's all auto-
matic. Near, isn't it?
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Q The Swirling Colors applet seems to display only five or six colors. What's going

on here?

A This is the same problem that you ran into yesterday wherein, on some systems, there
might not be enough colors to be able to display all of them reliably. If you're running
into this problem, other than upgrading your hardware, you might try quitting other

applications running on your system thar use color. Other browsers or color tools in
particular might be hogging colors that Java wants to be able to use.

Q Even with the changes you made, the Checkers applet still flickers.

A And, unfortunately, it will continue to do so. Reducing the size of the drawing area by

using clipping does significantly reduce the flickering, but it doesn’t stop it enrirely.
For many applets, using either of the methods described today may be enough to
reduce animation flicker to the point where your appler looks good. To get totally
flicker-free animation, you'll need to use a technique called double-buffering, which
you'll learn about tomorrow.
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More Animation, Images, and Sound

Animations are fun and easy to do in Java, but there's only so much you can do with the built-
in Java methods for lines and fonts and colors. For really interesting animations, you have to
provide your own images for each frame of the animation—and having sounds is nice, as well.
Today, you'll do more with animations, incorporating images and sounds into Java applets.

Specifically, you'll explore the following topics:
Using images—getting them from the server, loading them into Java, and displaying
them in your applet
Creating animations by using images, including an extensive example
Using sounds—getting them and playing them ar the appropriate times
Sun's Animator applet—an easy way to organize animations and sounds in Java
Double-buffering—hardcore flicker avoidance

Retrieving and Using Images

Basic image handling in Java is easy. The Image class in java.awt provides abstract methods to
represent common image behavior, and special methods defined in Applet and Graphics give
you everythingyou need to load and display images in your applet as casily as drawing a rectangle.
In this section, you'll learn about how to get and draw images in your Java applets.

Getting Images
To display an image in your applet, you first must load that image over the net into your Java

program. Images are stored as separate files from your Java class files, so you have to tell Java
where to find them.

The Applet class provides a method called getinage, which loads an image and automatically
creates an instance of the Inage class for you. To use it, all you have to do is import the
java.awt . Image class, and then give getImage the URL of the image you want to load. There are
two ways of doing the latter step:

" | The getImage() method with a single argument (an object of type URL) retrieves the
image at that URL,

The getImage() method with two arguments: the base URL (also a URL object) and a
string representing the path o filename of the actual image (relative to the base).

Although the first way may seem easier (just plug in the URL asaURL object), the second is more
flexible. Remember, because you're compiling Java files, if you include a hard-coded URL of an
image and then move your files around to a different location, you have to recompile all your
Java files.
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The latter form, therefore, is usually the one o use. The Applet class also provides two methods
that will help with the base URL argument to getImage():

The getbocumentBase () method returns a URL object representing the directory of the
HTML file that contains this applet. So, for example, if the HTML file is located at
http://www.myserver.com/htmlfiles/javantml/, getDocumentBase returns a URL
pointing to that path.

_ The getcodeBase () method returns a string representing the directory in which this
applet is contained—which may or may not be the same directory as the HTML file,
depending on whether the CODEBASE attribute in <APPLET> is set or not.

Whether you use getDocumentBase () or getCodebase() depends on whether your images are
relative to your HTML files or relative to your Java class files. Use whichever one applies better
to your situation. Note that either of these methods is more flexible than hard-coding a URL
or pathname into the getImage() method; using cither getDocumentBase() or getCodeBase()
enables you to move your HTML files and applets around and Java can still find your images.

Here are a few examples of getImage, to give you an idea of how to use it. This first call to
getImage () retrieves the fileat that specific URL (*http: / /www.server.com/files/image.gif").
If any part of that URL changes, you have to recompile your Java applet to take the new path
into account:

Image img = getImage(
new URL("http://www.server.com/files/image.gif"));

In the following form of getImage, the image.gif file is in the same directory as the HTML files
that refer to this applet:

Image img = getImage(getDocumentBase(), "image.gif")
In this similar form, the file image.gif is in the same directory as the applet itself:
Image img = getlImage(getCodeBase(), "image.gif")

If you have lots of image files, it's common to put them into their own subdirectory. This form
of getImage () looks for the file image.gif in the directory images, which, in turn, is in the same
directory as the Java applet:

Image img = getImage(getCodeBase(), "images/image.gif")

If getImage () can’t find the file indicated, it returns null. drawimage() on a null image will
simply draw nothing. Using a null image in other ways will probably cause an error.
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More Animation, Images, and Sound

Drawing Images

All that stuff with getImage () does nothing except go off and retrieve an image and stuff it into
an instance of the Image class. Now that you have an image, you have to do something with it.

The most likely thing you're going to want to do is display it as you would a rectangle or a text
string. The Graphics class provides two methods to do just this, all called drawImage().

The first version of drawInage () takes four arguments: the image to display, the xand y positions
of the top left corner, and this:

public void paint() {
g.drawlmage(img, 1@, 10, this);
}

This first form does what you would expect it to: it draws the image in its original dimensions
with the top lefc corner at the given x and y positions. Listing 11.1 shows the code for a very
simple applet that loads in an image called ladybug.gif and displays it. Figure 11.1 shows the
obvious result.

Listing 11.1. The Ladybug applet.

1: import java.awt.Graphics;
2: import java.awt.Image;

3:

4: public class LadyBug extends java.applet.Applet {
L H

6: Image bugimg;

Tt

8: public void init() {

9: bugimg = getImage(getCodeBase(),
10: “images/ladybug.gif”®);

11: }

12:

13: public void paint(Graphics g) {

14: g.drawlmage(bugimg, 10, 10,this);
15: }

183 )

In this example we have an instance variable bugimg to hold the ladybug image, which is
loaded in the int () method. The paint () method then draws that image on the screen.

The second form of drawImage takes six arguments: the image to draw, the x and y coordinates,
awidth and height of the image bounding box, and this. If the width and height arguments for
the bounding box are smaller or larger than the actual image, the image is automatically scaled
to fit. Using those extra arguments enables you to squeeze and expand images into whatever
space you need them to fitin (keep in mind, however, that there may be some image degradation
from scaling it smaller or larger than its intended size).

One helpful hint for scaling images is to find out the size of the actual image that you've loaded,
so you can then scale it to a specific percentage and avoid distortion in either direction. Two
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methods defined for the Image class enable you do this: getwidth() and getHeight (). Both rake
asingle argument, an instance of ImageObserver, which is used to track the loading of the image
(more about this later). Most of the time, you can use just this as an argument to cither
getWidth() or getHeight().
Figure 11.1.
The Ladybug image.

[f you stored the ladybug image in a variable called bugimg, for example, this line returns the

width of thar image, in pixels:

theWidth = bugimg.getWidth(this);

Listing 11.2 shows another use of the ladybug image, this time scaled several times to different
sizes (Figure 11.2 shows the result).

m Listing 11.2. More Ladybugs, scaled.

(1L
-
38
4:
5:
B6:
7:
8:
9:
19:
11:
12:
13:
14:
15:
16:
17:
18:

import java.awt.Graphics;
import java.awt.Image;

public class LadyBug2 extends java.applet.Applet {

Image bugimg;

public void init() {
bugimg = getImage(getCodeBase(),
*images/ladybug.gif");

}

public void paint(Graphics g) {
int iwidth = bugimg.getWidth(this);

int iheight

int xpos

Il 26 %

= bugimg.getHeight(this);
10;
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More Animation, Images, and Sound

Listing 11.2. continued

19: g.drawImage (bugimg, xpos, 10,
20: iwidth / 4, iheight / 4, this);
21:
22: /] 50 %
23: xpos += (iwidth [/ 4) + 10;
24: g.drawImage (bugimg, xpos , 10,
25; iwidth / 2, iheight / 2, this);
26:
27: 1/ 100%
28: xpos += (iwidth / 2) + 10;
29: g.drawlmage (bugimg, xpos, 10, this);
30:
31: /] 150% x, 25% y
3z: g.drawImage(bugimg, 10, iheight + 30,
33: (int) (iwidth * 1.5), iheight / 4, this);
34: }
38: }
Figure 11.2.

I've been steadfastly ignoring mentioning that last argument to drawimage (): the mysteri-
ous this, which also appears as an argument to getwidth() and getHeight(). Why is this

argument used? Its official use is to pass in an object thar functions as an ImageObserver
(that is, an object that implements the ImageObserver interface). Image observers enable you
to watch the progress of how far along an image is in the loading process and to make decisions
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when the image is only fully or partially loaded. The Applet class, which your applet inherits
from, contains default behavior for watching for images that should work in the majority of
cases—hence, the this argument to drawImage(), getwidth(), and getHeight(). The only
reason you'll want to use an alternate argument in its place is if you are tracking lots of images
loading asynchronously. See the java.awt.image. ImageObserver class for more details.

Modifying Images

In addition to the basics of handling images described in this section, the java.awt. image
package provides more classes and interfaces that enable you to modify images and their internal
colors, or to create bitmap images by hand. Most of these classes require background knowledge
in image processing, including a good grasp of color models and bitwise operations. All these
things are outside the scope of an introductory book on Java, bur if you have this background
(or you're interested in trying it our), the classes in java.awt.image will be helpful to you. Take
alook at the example code for creating and using images that comes with the Java development
kit for examples of how to use the image classes.

Creating Animation Using Images
Creating animations by using images is much the same as creating images by using fonts, colors,
or shapes—you use the same methods, the same procedures for painting, repainting, and

reducing flicker that you learned about yesterday. The only difference is that you have a stack
of images to flip through rather than a set of painting methods.

Probably the best way o show you how to use images for animation is simply to walk through
an example. Here's an extensive one of an animation of a small car called Neko.

An Example: Neko

Neko was a small Macintosh animation/game written and drawn by Kenji Gotoh in 1989.
“Neko is Japanese for “cat,” and the animation is of a small kitten that chases the mouse pointer
around the screen, sleeps, scratches, and generally acts cute. The Neko program has since been
ported to just about every possible platform, as well as rewritten as a popular screensaver.

For this example, you'll implement a small animartion based on the original Neko graphics.
Unlike the original Neko the cat, which was autonomous (it could “sense” the edges of the
window and turn and run in a different direction), this applet merely causes Neko to run in from
the left side of the screen, stop in the middle, yawn, scratch its ear, sleep a little, and then run

off to the right.
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More Animation, Images, and Sound

Before you begin writing Java code to construct an animation, you should have all the images
that form the animation itself. For this version of Neko there are nine of them (the original has
36), as shown in Figure 11.3.

e 23| B3| 2] 0[] | 2 |l [

I've stored these images in adirectory called, appropriately, images. Where you store your images
isn't all the important, but you should take note of where you've put them because you'll need
that informarion.

Now, onto the applet. The basic idea of animation by using images is that you have a set of
images, and you display them one at a time, rapidly, so they give the appearance of movement.
The easiest way to manage this in Java is to store the images in an array of class Image, and then
to have a special variable that stores a reference to the current image.

For the Neko applet, you'll include instance variables to implement both these things: an array
to hold the images called nekopics, and a variable of type Image to hold the current image:
Image nekopics[] = new Image[9];
Image currentimg;
Because you'll need to pass the position of the current image around between the methods in
this appler, you'll also need to keep track of the current x and y positions. The y stays constant
for this particular applet, but the x may vary. let’s add two instance variables for those two
positions:
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int xpos;

int ypos = 50;

Now, onto the body of the applet. During the applet’s initialization, you'll read in all the images
and store them in the nekopics array. This is the sort of operation that works especially well in
an init() method.

Given that you have nine images with nine different filenames, you could do a separate call to
getImage for cach one. You can save at least a little typing, however, by creating an array of the
file names (nekosrc, an array of strings) and then just using a for loop to iterate over each one.
Here’s the init() method for the Neko applet that loads all the images into the nekopics array:

public void init() {

String nekosrc[] = { “righti.gif", ‘right2.gif",
"stop.gif®, “yawn.gif", “scratchi.gif®,
“scratch2.gif"®,"sleepl.gif", *sleep2.gif”,
“awake,gif" };

for (int i=@; i < nekopics.length; i++) {

nekopics|i] = getlImage(getCodeBase(),
“images/" + nekosrc[i]);

}
Note here in the call to getInage() thar the direcrory these images are stored in is included as
part of the path.

With the images loaded, the next step is to start animating the bits of the applet. You do this
inside the applet’s thread’s run() method. In this applet, Neko does five main things:

Runs in from the left side of the screen
Stops in the middle and yawns
Secratches four times
| Sleeps
- | Wakes up and runs off to the right side of the screen
Because you could animate this applet by merely painting the right image to the screen at the
right time, it makes more sense to write this applet so that many of Neko’s activities are

contained in individual methods. This way, you can reuse some of the activities (the animation
of Neko running, in particular) if you want Neko to do things in a different order.

Let’s start by creating a method to make Neko run. Because you're going to be using this one
twice, making it generic is a good plan. Let’s create the nekorun() method, which takes two
arguments: the x position to start, and the x position to end. Neko then runs between those two
positions (the y remains constant).

There are two images that represent Neko running; so, to create the running effect, you need
to alternate berween those two images (stored in positions 0 and 1 of the image array), as well
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