
Supplied by the British Library 03 Jun 2021, 08 19 (BST) 

SAP Exhibit 1005 
SAP v. Express Mobile, Inc. 

IPR2022-00518 
Page 00001 

 
 



011r • - Jitl ,lY,t L,1 e11c ar ., 

Weck I~-""~ 
Chapter2 __'.__j. Chaptu 3 · ~=. : "·~ 4:. ··: ··. - Chapter 5 Chapter6 Chaptu7 

-

An Introduction Obj«t-Oriented Java Basics Work.int ' Arra}'$, Condition- CrtttingClasscs More About 
to Java Pro- Programming • Jav.i statements Objear a.ls, and Loops and Applications Methods 
gramming and Java and cxprc~ions • Tc~u 11~- • Conditional tests ln Java • Ovc:rlo,ding 
• Platform • Ohjcccs and • Variable) and ifyu C • ltcr;mon • Defining con- methods 

indcpcndcna: classes Jaca typo var • Block ,ratcmcnn ~tllflt5, instance • Corurruaor 
• The J:iva com- • Encap~ul.11 • C'..ompmsons and • C .ind cb.ss variables. methods 

pilet :rnd the j.n"a • Modularir, logical operators ol., I and methods • Overriding 
(fJ I mtcrpccccr Olt'.thods 
C 

D 
D 

1 <D L Weck 2 Developing Applets 0. t O' 
'< 

s= Chapter& a.,-~ ~0 Chap,.-.-r-;,I Chapter 12 Chapter 13 Chapter 14 
<D J 
~ I Mou J The Java Abstract 

-
~ Java Applet Basics Graphics, .>OU, '- .:on, Managing Simple W'10dows, Net-"' :::r 

• Including an ap- and Color ,, unag. Events and Inter- Windowing working, and C l 
O' plcc on .i Web • Graphia . '" Sounc acri-vity Toolkit Other Tidbits o.l 
'< p.agc primnives rt1 • Sc.i.h, .)0$, • mouseOown • C'lm-a,a, rcxr • Progr.1mrrung 
0 w • Pas~ing para- • ·n,c Color ,tSS • Re. c:xcc• md ;v1,l mouseup componcntlS, wid• mcnm and 
L 
C cio 

... 
1c J;,v:i event gc:1\, .mJ window ,rearing links :::J mcm:r, 

N • sto &:ring ,er consrrucrion inside applets 0 

'::: components 
0 
co 

~ 
co 
(fJ 

:j 
I I• 

' ter17 .1 /29 Chapter 15 Chapter 16 Cl Chapter 18 Chapter 20 Chapter 21 
,"" ,:,. 

Modificn Packages and ns Mula threading ,UJU Nacnic Methods Under the Hood 
~MethoJ and lnrerfaca ry,catch • TI1inkmg . ndo111AccessF1.le and Libraries • The bi~ p1crurc 

var~blc .access • Hiding Ct.ll throws ~1ulrirhrcidcd 1nd ocher rdarcd • Ruih-in • J:11.-a bytccodcs 
control • Dt"ign ,·erw • Cl't"'.uing and da~S<.\ oprimiurions and vcrific.ition 

• Four P's or implcmcm.u1011 ••• u!( chc: u~ing chreads • Input and oucput • Generating • s~"uritv and 
procccrion inhcrira.nc~ I finally cl.1use j J;m.:arr hc.1dcr .tnd srub garb.1~ 

files cullc1.tion 

IPR2022-00518 Page 00002



About This Book 
·1 his book teaches you all about che Jav.1 language and how co use It to creare 
applets and apphcattons. By che ti me you gee through w1d1 chJS book,) ou 'II know 
enough abouc Java co do ju!lt about anything, inside an applet or out. 

Who Should Re ad This Book 
This book is intended for people wirh at lease some basic programming back­
ground, which includes people wirh year!I of programming experience or people 
wnh only a ~mall amoum: of experience. If you understand what variables, loops, 
and funccions are, you'll be jusr fine for chis book. Tht sores of people who mighc 
wane to read thi, book include you, if 

You're a real whiz. at HTML, undcrsrand CGI programming (in Perl, 
Apple c.ripc, ViswJ Ba.')ic, or some ocher popular CGI language) pretty 
well, and wanr co move on to che ncxc level in Web page design. 

You had !>Orne Basic or Pascal in ,chool and you have a basic grasp of 
what programming 1s, bur you'v~ heard Java is easy ro learn, really 
powerful, and very cool. 

You've programmed C and C++ for many years.you've heard chis Java 
rhmg i, becoming really popular and you're wondering what a.II the~ 
is all abour. 

You've heard chac Java is really good for Web-based applets, and you're 
curious abouc how good it is for creating more general applicarion). 

What if you know programming, but you don't know object-oriented program­
ming? Fear nm. rhis book asmmcs no hat.kground in object-orienrcd design. If 
you know obiecr-onemed programming, in face, the firsc couple of day~ will be 
e.lS) for you. 

How This Book I s Structured 
This book i) inrended co be read and absorbed over the course of three weeks. 
During each week, you'll ~.1d seven chapren. chat prcscnc concepts related co che 
Java __....,_,..., d . .t.h ,reacion of a let!. and applicacions. ----~=---

ON LOAN FROM BLDSC BOSTON SPA. 
FOR USEATTHE BRITISH LIBRARY 
ST. PANCRAS. READING ROOM ONLY. 
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• 

Conventions 

1'~'• 
TERM 

Note: A Noce box presents .i.mcrescing pieces of information related to the surround­
ing discussion. 

Technical Note: A Technical Note presents specific rechnical information rclarcd co 
the surrounding discussion. 

Tip: A Tip box offers advice or reaches an easier way ro do someching. 

Caution: A Caution box aleru you co a possible problem and gives you advice co 
avoid ir. 

Warning: A Warning box advises you abouc porenrial problems and helps you steer 
clear of disaster. 

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

A rype icon identifies ."Some new code that you can rype in yourself. 

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

, An analysis icon alercs you ro the auchor's line-by-line analysis. 
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Au Introduction to Java Progrannning 

Hello and welcome to Teach Yo1'rstl[Java m 21 Dayi Srarting today and for the next three weeks 
you'U learn all abouc the Java language and how co use ic co creace applets, as well as how co create 
stand-alone Java applications char you can use for jusc abour anything. 

~ ,_,. An applet is a dynamic and inceracrive program rhar can run inside a Web page displayed 
TEft;\1 by a Java-capable browser such a!I HotJava or Nccscape 2.0. 

The Ho1java browreris a World \X'ide Web browser used to vie,,v Web pages, follow links, and 
submit forms. It can also download and play applets on the reader's system. 

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

What exactly Java and HocJava are, and their current status 

\Vhy you should learn Java-its various features and advantages over other program­
ming languages 

Geccing scarred programming in Java-whar you'll need in terms of sofrware and 
background, as wdl as some basic terminology 

How ro create your fuse Java programs-to close this day, you'll creace both a s1mple 
Java application and a simple Java applet! 

What Is Java? 
Java i~ an objeet-orienced programming language developed by Sun Microsystems, a company 
best known for its high-end 'nix workstations. Modeled after C++, the Java language was 

designed co be small, simple, and portable aero~ platform and operating systems, both at the 
source: and at the binary level (more abour this lacer). 

Java is often menrioncd in the same breach as HocJava, a World Wide Web browser from Sun 
like Nerscape or Mosaic (see Figure l. 1). Whac makes HocJava different from most ocher 
browsers is that, in addition ro all its basic Web features, ic can also download and play applets 
on the reader's system. Applecs 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 co create animations, 
figures, or areas that can respond ro input from the reader, gam~, or other interacnve effecrs on 
the same Web pages among rhc text and graphics. 

Although HocJava was the first \X'orld Wide Web browser co be able ro play Java applecs, 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 Hot}allll browser. 
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To creare an applec, you wrire it in rhejava language, compile it using a Java compiler, and refer 
co thac applcr in your In ML Web pages. You puc the resulting HTML and Java files on a W'eb 
sice much in rhe same way chat you make ordinary HTML and image files available. fhen, when 
someone uJ>ing chc HorJava browser (or other Java-enabled bro,vser) views your page with che 
embedded applet, thac browser downloads rhc appler ro che local system and exewtes it, and 
then the reader can view and inceracr wirh your applet in all its glory (readers uc;ing other 
browsers may sec rexc, a scatic graphic, or norhjng). You'U learn more abour how applets, 
browsers, and lhc World Wide Web work together further on in this book. 

The imporcam thing to undcr1,rand about Java is that you can do so much more with ic besides 
create applets. Java w~ written a<i a full-fledged programming language in which you can 
accomplish the same som of lasks and solve rhc same sons of problems mat you can in orher 
programming languages, such as(' orC++. HocJava itself, including all the networking, display, 
and user mcerface elements, 1s written in Java. 
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An Introduction to Ja'\.'8 Progranuning 

Java's Past, Present, and Future 
The Java language was developed ac Sun Microsystems in 199 l as part of a research project co 
develop software for consumer electronics devtccs-celevision secs, VCRs, toasters, and che 
other sores of machines you can buy ar any dcpamnent score. Java's goals at lhat time were to 
be small, fuse, efficient, and easily portable to a wide range of hardware devices. le is chose samt: 
goals that made Java an ideal language for dislributing o.ecu cable programs via the World Wide 
Web, and also a general-purpose programming language for developing programs that are easily 
usable and portable across different placforms. 

The Java language was used in several projects wichin Sun, bucdid nocgervery muchcomrnerci:11 
arremion unril ir was paired with HocJava. HotJava was wrincn in 1994 in a matter of months, 
boch as a vehicle for downloading and running applecs and also as an example of the son of 

complex application chat can be wrircen in Java. 

This book is current as of the 1.0 Java Developer's Kit ODK). The 1.0 JDK indudes cools for 
developing Java applets and applications on Sun systems running Solaris 2.3 or higher and for 
Windows NT and Windows 95. By the dme you read this, new releases of che JDK may be 
available, or chere may be supporr for che J OK on other systems and platforms. All che examples 
and code in chis book should work wic.h any Java development environment chat suppons the 
l.OAPL 

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

Sun's 1.0 JDK does include an application called applecvicwer chat allows you to test your Java 
applets as you write them. If an applec works in the applecvicwer, it should work with any Java­
capable browser. You'U learn more about applet viewer lacer roday. 

Whar's in score for the future? In addition 10 the next Java rel<:a!)e from Sun, ocher companies 
have announced support for Java in their own World Wide Web brow·sers. Ncrscape Commu­
nications Corporation has already incorporatedjavacapabilicies into the 2.0 version of their very 
popular Netscape Navigator Web browser-pages with embedded Java applets can be viewed 
and played with Necscape. Wtch suppon for Java avaiJablc in as popular a browser as Necscapc::, 
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tool~ co help develop Java applications (debuggers, devdopmemenvironmcncs. and so on) most 
likely will be rapidly available as well. 

Why Learn Java? 
Ar che momcnr, probably che most compe.lling reason co learn Java-and probably rhc reason 
you bought chis book-is rhac Horjava applets arc wrircen in Java. Even if that wen: nm the case. 
J:wa as a language has significant advantages over other languages and other programming 
environments that make it suitable for juM abour any programming rask. This section describes 
some of those advantages. 

Java Is Platform-Independent 
Plarform independence is one of rhe mosr s1gnificmc advantages char Java has over ocher 
programming languages, pamcuJarly for sysccms char need co work on many different platforms. 
Java is platform-independent ac both the sourc.:e and the binary level. 

NI,".- Platfonn-intkpendmce is a program's capability of moving easily from one computer 
TF.Rll system ro another. 

Ac che source level, Java's primirive daca cy~ have consistent sizes across aJI development 
plauorms. Java's foundanon class libraries make ir easy ro write code rhac can be moved from 
platform Lo platform wichour the need co rewmc ic co work with chat platform. 

Platform-independence doesn't srop at the source level, however. Java binary files arc also 
placform-independenc and can run on mulriple platforms wichour the need co recompile the 
source. How does this work? Java binary files are actually in a form called bytccodes. 

,NE\V..- Byucotksare a sec ofioscructions char look a lor like machine code, buc are not specific co 
TERi:\1 any one processor. 

Normally, when you compile a program written in Corin most other languages, the compiler 
cranslaces your program inro machine cod.es or processor insrrucrions. Those inscruc.ciom are 
-.pccific to the processor your compurcr is running-so, for example, if you compile your code 
on a Pentium system, the resulting program will run only on ocher Penoum s~cems. If you wane 
co use Lhe same program on another system, you have co go back co your original source;, gee a 
comptla for chat system, and recompile your code. Figure 1.2 shows the result of ili1s syscem: 
mulciplc executable programs for multiple sysrems. 

Things arc different when you write code in Java. The Java development ~nvironmcnc has cwo 
pans: a Java compiJer and a Java incerprett:r. rht: Java compiler cakes your Java progr.1m and 
instead of generating machine codes from your source files, it generates byrecodes. 
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An Introduction lo Jav a Progranuning 

Figure 1.2. 
Tradirional compiled 
programs. 

Your Code 

Binary File 

-0 
Binary File 

-{] 
Binary File 

---0 
Compiler (SPARC) 

To run a Java program. you run a program called a bytecodc interpreter, which in rum executes 
your Java program (see Figure 1.3). You can either run chc interpreter by icself. or-for applers­
chere is a bycecode interpreter built into HotJava and ocher Java-capable browsers char runs the 
applet for you. 

Figure 1.3. 
Java programs. 
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Why go through aJI the trouble of adding chis extra IJyer of the bytecode interpreter? Having 
your Java programs in byteco<le form means chat i nstcad ofbeingspecific to any one system, your 
programs can be run on any pl:irform and any opera ring or window system .is long as the Java 
inccrprcrer is available. This capabilicy of a singJe binary file co be executable across plarforrns 
is crucial co whar enables applet~ to work, because the World Wide Web icsdf is also plarform­
independcnc. J u~c as HTML file~ c.an be read on any platform, so apple rs can be executed on any 
platform chal 1S a Java-capable browser. 

The disadvantage of using byrecodes is in execuLion ~peed. Because system-specific programs 
run directly on the hardware for which chey are compiled, rhey run significantly faster than Java 
by-recodes, which musr be processed by the interpreter. Por many Java programs, the speed may 
norbeani~ue. If you ,vriceprogram~ that require more cxccuLionspeed than rheJava interpreter 
can provide. you have several solurions available co you, inclucUog being able to link narive code 
inco your Java program or using rools ro convert your Java byrecodes into native code. Nore rhac 
by using any of these solutions, you lose rhe porcabiJicy chac Java byrecodes provide. You'll learn 
about each of these mechanisms on Day 20. 

Java I Object-Oriented 
To some, objecr-orienred programming (OOP) technique is merely a way of organizing 
programs, and 1c can be accomplished using any language. Working wich a rcaJ objecr-onented 
language and programmingenvironmenr, however, enabl~ you ro rake full advancageofobjecr­
orienred merhodology and it:> c.1pabilirics for creacing flexible, modular programs and reusing 
code. 

Many of Java's object-orienced conceprs are inherited from C++, the language on which it is 
based, but it borrows many concepts from ocher objecr-orienced languages as well. Like mosc 
object-oriented programming languages, Java indudes a sec of class libraries that provide basic 
data types, system input and oucpuc capabiucies, and ocher utility functions. These basic classes 
are pan of the Java development kic, which aJso has classes co support networking, common 
Internet protocols, and user inrcrfucc toolkit functions. Because these class libraries are written 
in Java, chey are portable across platforms as all Java applications arc. 

You'll learn more about objecc-orienced programming and Java tomorrow. 

Java Is Easy to Learn 
In adcUrion to ics porrabilicy and objecc-orienracion, one of Java's initial design goals was robe 
small and simple, and therefore easier to write, easier co c.ompile, easier to debug, and, best of 
all, easy to learn. Keeping the language smaU also makes ic more robust because rhere are fewer 
chances for programmers to make difficult-co-find mistakes. Despite irs size and simple design. 
how<!ver, Java scilJ has a greac deal of power and 8exibilicy. 
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An Introduc tio n to J ava Programming 

Java is modeled afi:er C and C++, and much of chc synwc and object-oriented scruccure is 
borrowed from the larcer. lf you are familiar wich C++, learning Java will be particularly easy for 

you. because: you have mosc of the foundation already. 

Although Java looks similar co C and C++, most of che more complex pam of-rhose languages 
have been excluded from Java, making the language simpler without sacrificing much of its 
power. There are no pointers in Java, nor is chere pointer arithmetic. Scrings and arrays are real 
objecrs in Java. Memory managt:mem is automatic. To an experienced programmer, these 
omissions may be diffic.:ulc rn gee used ro, but co beginners or programmers who have worked 
in other languages, they make chc Java language far easier co learn. 

Getting Started with 
Progrannnin.g in Java 

Enough background! Let's finish off chis day by creating cwo real Java programs: a scand-alone 
Java application and an applet chat you can view in either in the applecviewer (pan of che JDK) 
or in a Java-capable browser. Although both chcse programs arc excrcmdy simple, they will give 
)'OU an idea of what a Java program looks like and how ro compile and run it. 

Getting the Software 
In order ro write Java programs. you will , of course, need a Java development cnvironmenL At 
the rune chis book is being written, Sun's Java Development l(jr provides everything you need 
to srarcwricingjava programs. TheJDK is av.ulablc for Sun SPARC systems runningSolaris 2.3 
or higher and for Windows NT and Wmdows 95. You can get the JDK from several places: 

The CD-ROM chat came wuh chis book contains the full 1.0 JDK distribution. See 
the CD information for installation insuuccioru. 

The latest JDK can be downloaded from Sun's Java FTP site at ftp:/ /j ava. sun .com/ 

pub/ or from a mirror sire (ftp: / /www. blackdown.org/ pub/Java/pub/ is one). 

Note: The Java Devdopmcnt Kit is currently in rdease 1.0. By the time you read 
this, the JDK may be available for other platforms, and other organizations ma}' be 
selling Java developmem tools as well. 

Although Necscape and ocher Java-enabled browsers provide an environment for running Java 
applets, they do not provide a mechanism for developing Java applicacions. For chat, you need 
separate tools-merely having a browser is noc enough. 
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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 char 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 co run (akhough chey can also be viewed using a root called the applccvicwer, 
which you'll learn about lacer today). 

Java applicarions are more general programs written in the Java language. Java applications don 'c 
require a browser co run. and in fau, Java can be used ro cr~ce all the kinds of :ipplicarions that 
you would normally use a more conventional programming language co creare. Hocjava irself 
is a Java application. 

A single Java program can be an appler or an application or both, depending on how you write 
that program and the capabilities thar program uses. Throughout chis first week, you'll he 
writing mosrly HotJava applications; chcn you'll apply whac you've learned co write applets in 
Week 2. lf you're eager to get srarced with applets, be paticnr. l~verything char you learn while 
you' re creating simple Java applicanons will apply co creating applecs, and ic' s easier co scare ,...,ich 
chc basics before moving onto the hard scuff You'll be creating plenty of app!ecs in Week 2. 

Creating a Java Application 
Let's start by creating a s1m pie Java appl ic.i cion: the classic Hello World exam pie chat all language 
books use to begin. 

As wilh all programming languages, your Java source files are created in a plain text editor. or 
in an edicor that can save files in plain ASCH without any formaning characters. On Unix, 
emacs, pico, or vi will work; on Windows, Nocepad or DOS Edie are both text editors. 

Fire up your edi-ror of choice, and emer the Java program shown in Listing 1. l. Type this 
program, as shown, in your cexc editor. Be careful thac alJ the parcnrhescs, braces, and quoco 
arc there. 

Li1-1ting 1. 1. Your nr~l Java application. 
1: class HelloWorld { 
2: public static void main (String args(J) { 
3: System.out.println("Hello World!"); 
4: } 
5: } 
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An l11troduc tion to J ava Progrwnniiog 

Warning: The numbers b~forc cac.h line are part of the listing and not part of the 
program; thcr'rc there .w I can refer to specific line numbers when I explain what' 
going on in the program. Do not include them in your own file. 

This program has cwo main pares: 

All the program is enclosed in a class ddinicion-here, a class called HelloWorld . 

The body of the program (here, just the one line) is contained in a method 
(funcuon} called main (). In Java applicarion11, as in a C or C++ program, main () 

is che first method (function) that is run when the program is executed. 

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

Once you finish typing the program, save the file. Most of the time, Java c;ource files are named 
the same name as the class thc:y define, with an extension of.Java. This file should therefore be 
called HelloWorld. lava. 

Now, let's compile the source file using the Java compiler. ln Sun's JDK, the Java compiler is 
called j avac. 

To compile your Java program, Make sure the javac program is in yourexecurion path and type 

j avac followed by the name of your source file: 

javac HelloWorld.java 

Note: In chcsc examples, and in all the examples throughour this book. we'll be 
using un's Java compiler, part of the JDK. If you have a rhird-parcy development 
environment, check wich chc documenracion for that program to sec how co 
compile your Java progr.tms. 

The compiler should compile rhc ftle withouc any errors. If you get errors, go back and make 
sure thac you've cyped the program exactly as it appears in Listing 1 .1. 

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

java HelloWorld 
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If your program was typed and compiled corrccrly, you should gee che sering "Hello Wor-ld 1 • 
primc:d to your screen as a response. 

Note: Remember, the Java compiler and rhc Java imerprerer are different things. 
You use the Java compiler ( j avac) fo1 your Java source files co crea.re .dass flies, and 
you use the Java interpreter ( j ava) ro actually nm your class files. 

Creating a Java Applet 
Crcadng applets isdifferem &om creacing a c;implc applicaaon, because Java applets nan and arc 
displayed inside a Web page wi ch other page clemcn rs and as such have special rules for how chey 
behave. Because of rhese special rules for applets in many cases (panicularly rhe simple ones), 
creanng an applet may be more complex rhan creating an application. 

For example, co do a simple Hello World appler, inscead of merdy being able co prinr a message, 
you have co create an applet co make space for your mes.sage and then use graphics operations 
ro pai nc chc message co the screen. 

Note: If you run the Hello \Vorld application as an applet. the Hello world 

message prints to a special window or to a log file, th:pending on how rhe browser 
has screen messages set up. lt \\ill nor appear on the scn=cn unless you write your 
applet ro put it there. 

ln che next example, you create char simple Hello World applet. place ic inside a Web page, and 
view rhe resulc. 

First, you sec up an envi ronmem so char your Java-capable brow~r can find your HT ML fit~ 
and your applecs. Much of che time, you'll k<..-cp your HTML fi les and your applcc code in the 
same directory. Alrhough this isn 'c required , it make~ it easierro keep crack of each elemen1. In 
chis example, you w.e a directory called HTML chat contains all the files you'll n~d. 

mkC11 r HTML 

Now, open up that tex.r ediror and enter Listing l .2. 
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An Intro duc tion to Javn Programming 

Listing 1 .2. T h e H e llo W o rld apple t . 
1: import java.awt.Graphics; 
2: 
3 : public class HelloWorldApplet extends java.applet.Applet { 
4: 
5: public void paint(Graphics g) { 
6 : g.drawString("Hello world!", s, 25); 
7 : } 
8: } 

Save that file inside your HTML directory. Just like with Java applications, give your file a name 
that has the same name as the class. In chis case, che filename would beHelloWorldApplet. j ava. 

Features ro noce abouc applecs? There are a couple I'd like ro poinc ouc: 

r 

The import }jne at the cop of the: file is somewhac analogous co an #include staccmcnt 
in C; it enables this applec co gee access co rhc J DK classes fur creating applets and for 
drawing graphics on the screen. 

The paint () method displays che content of che applet onco the screen. Here, the 
sering Hello World gets drawn. Applets use several standard methods to cake the place 
of ■ai.n (). which include 1.nl. t ( l co initialize the applet, start () co stare it running, 
and punt() to display it to the screen. You'll le-.un abouc all of these in Week 2. 

Now, compile the applet jusc as you did the applicauon, using j avac, the Java compiler. 

javac HelloWorldApplet .java 

Again, just as for applicatioru;, you should now have a file called Hello WorldAppJet.dass in your 

HTML direaory. 

To include an applet in a Web page, you refer ro chat applet in the HTML code for chac Web 
page. Herc, you create a very simple HTML file in the HTML direetory (see Listing 1.3). 

Lis ting 1 .3. The HTML with the a1,ple t in i t. 

1; <HTVL> 
2 : <HEAD> 
3 : <TITLE>Hello to Everyonel< / TITLE> 
4 : </HEAO><BOOV> 
5: <P>My Java applet says: 
6: <APPLET COOE•'HelloWorldApplet.class· WIOTH=i50 HEIGHT=25><APPLET> 
7: </ BODY> 
8; </ HTML> 
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You refer to an applet in your HTML files with the <APPLET> rag. You'll learn more abour 
<APPLET> lacer on, buc here are cwo things to note: 

Use che CODE anribuce to indicate che name of the class chac contains your applet. 

Use chc WIDTH and HEIGHT attributes co indicate che size of the applet. fhe browser uses 
ch~e vaJues to know how big a chunk of space co leave for che applet on the page. 
Here, a box 150 pixels wide and 25 pixels high is created. 

Save the HTML file in your HTML direcrory, wich a descriptive name (for example, you might 
name your HTML file: the same name as your applec-HelloWorld.Appler.hcml). 

And now, you're ready for the final cesr-acmally viewing the result of yourapplcr. To view the 
applet, you need one of the following: 

A browser char supports Ja-va applets, such as Netscape 2.0. 

The applecviewcr applicacion, which is part of che JDK The: applecviewer is nor a 
\Veb browser and won't enable you ro sec the enrire Wc:b page, bur it's acceptable for 
testing to see how an applet will look and behave if chere i.s nothing else available. 

Note: 0o not use the alpha version of Hocjava 10 view your apple~; applcrs 
developed v.ith che bccaJDK and onwacd cannot be viewed by che alpha 1-IotJava. 
If, by Lhc cime you rCJd this, there is a more recent version of Hot]ava, you can use 
chal one in)tead. 

lf you' re using a Java-capable browser such as Netscape to vic·wyour applet files, you c.an use the 
Open Local ... 1rem under the File menu co navigate to the HTML file containing the applet 
(make sure you open rhc HTML file and nor the class ftJe). You don ' r need to install anything 
on a Web server yer; all this works on your local system. 

If you don 'c have a Web browser with Java capabilities built into u, you can use che applerviewc:r 
program co view your Java applet. To run applerviewer, just indicarc rhe path ro the HTML file 
on r:he command line: 

appletviewer HTML/HelloWorldApplet.html 

Tip: Alchough you can start applccvicwcr &om the same directory as your l lTML 
and class files, you may nor be able LO reload that applet without quitting 
applcrvicwa first. If you st.arr applccviewer from some other dirca:ory (as in che 
previou~ command line). you can modify and recompile your Java applct5 and Lhen 
just use the Reload menu item co view rbe newer version. 
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An Introduction to Java Prograunning 

Now, if you use the browser co view the applet, you sec something similar ro the image shown 
in Figure 1.4. ]f you're ll.)ing applerviewer, you won't see rhe text around the applet (My Java 

applet says ... ), bur you will see che Hello World itself. 

Figure 1.4, 
Tht Ht/1.o W'or/d applet. 

My Java applet says: Hdlo wmtdl 

SlllllIIlary 
Today, you got a basic inuoduccion to the Java language and tt5 goals and features. Java is a 
programming language, similar ro C orC++, in which you can develop a wide range of programs. 
The most common use of Java ar the momenc is in creating applets for l loc)ava, an advanced 
World Wide Web browser also written in Java. ApplelS are Java programs chat are downloaded 
and run as pan ofa Web page. Applets can create animations, games, inccractive programs, and 
other multimedia effects on Web pages. 

Java's strengchs lie in its portabilicy-boch ar the source and at the binary level, in its objecr­
orienced design-and in its simplicity. Each of these foam.res help make applets possible, but 
they also make Java an excellent language for writing more genernl•purpose programs that do 
nor require HorJava or other Java-capable browser ro run. These generaJ•purpose Java programs 
are called applications. HorJava itself is a Java application. 

To end chis day, you experimenred wirh an example applet and an example application, getting 
a feel for the differences between the two and how co create, compile, and run Java programs­
or, in the case of applets, how co include chem in Web pages. From here, you now have the 
foundation co creace more complex applications and applets. 

Q&A 
Q rd like to we HotJava as my regular Web brows.er. You haven't mentioned mLLch 

about Hotjava today. 
A The focus of this book is primarily on programming in Java and its library of srandard 

classes, rather than on u,5iog Horjava itself. Documencacion for using che HorJava 
browser comes with HotJava (see http: II Java. sun. com/). 

Q I know a lot about HTML, bot not much about computer pcog,:amming. Can I 
still write Java programs? 
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A If you have no programming experience whatsoever. you most likely will find pro­
gramming Java signiftcancly more difficulr. However, Java is an exccllenr language to 
learn programnung wirh, and if you paciencly work through the examples and che 
exercises in chis book, you i,hould be able to learn enough to gee 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 enormow 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 rhe ,;ecuncy of applets within Java­
capable browsers and has implemented several checks ro make sure applets cannoc do 
nascy things: 

Java applecs cannot read or wrire co the disk on the local sy~tcm. 

Java applets cannoc cxc;curc any programs on Lhe 101.:al system. 

Java applets cannot connect to any machines on the \'v'eb excepc for the server 
from which chey are originally downloaded. 

Noce that some of these rescriccioru may be allowed in some browsers or may be 
mrned on in the browser configuration. However, you cannor eq,ecr any of these 
capabuirjes to be available. 

l n addition, the Java compiler and interpreter check both the Java source code and the 
Java byrecodcs to make sure that the Java programmer has nor cried any ~neaky tricks 
(for example, overrunning buffers or stack frames). 

These checks obviously cannot scop every potentiaJ sec.uriry hole (no system can 
promise chat!), but they can significanrly reduce the pocemial for hostile applecs. 
You•IJ tearn more about security issues lacer on in chis book. 

Q l followed all the directioru 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 I'll bee you're using rhe alpha version ofHotJava to view the applcr. Unfortunatcl) , 

berween alpha and 1.0, ~ignificam changes were made as to how applets are written. 
The result is tharyou can't view 1.0 applets (as chis one was) in rhe alpha version of 
HocJava, nor can you view alpha appletS in browsers chat expect I .0 applets. To view 
the applet, either use a differcnc browser, or use rhe applervic:wer application char 
comes with the JDK. 
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Arrays, Conditionals., and Loops 

Although you could write Java programs usi.ngwhatyou've learned so far, those programs would 
be pretty dull. Much of che good sru.ffin Java or in any programming language resulcs when you 
have arrays co score values in and concrol-Aow constructs (loops and conditionals) co execute 
different bits of a program based on tests. Today, you'll find our abouc che following: 

Arrays, one of rhc most useful objects in Java, which enable you to collect objects or 
prmitive rypes into an easy-co-manage lisr 

Block sracemenr.s, for grouping together relaccd scacements 

if and switch, for conditional tcstS 

for and while loops. for iteration or repeatlng a statement or srarcmcnrs mulriple 
rimes 

Arrays 
Arrays in Java arc different ch.an they are in ocher languages. Arrays in Java are acrual objects that 
can be passed around and created just like other objects. 

~-- Arrays are a way ro st0re a lisr of ice.ms. Each slot of the array holds an individual element, 
TERl\l and you can place elements into or change che conrcnts or those slots as you need to. 

Arrays can con rain any type of clement value (primiciYc types or objects), buc you can't score 
differenr type, in a single array. You can have an array of integers, or an array of srrings, or an 
array of arrays, bur you can 'c have an array that contains, for example, both scrings and integers. 

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

l. Declare a variable ro hold the array. 

2. Creace a new array object and assign ir co rhe array variable. 

3. Srore things in that 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 indicate che cypc of object the array will hold (just as they do 
for any variable) and the name of che array, foJJowed by empty brackets ([]). The following are 
all typical array variable declarations: 

String difficultWords(]i 

Point hi.ts ( J ; 

int temps ( I ; 
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An alternare method of defining an array variable is ro put the brackets afrer che rype instead of 
after chc variable. They are equivalent, but th is lancr form is often much more readable. So, for 
example, these three declarations could be wrinen like this: 

String[] difficultWords; 

Po1ntll hits; 

int ( J temps; 

Creating Array Objects 
The second .step is co crcarc an array object and assign ic co chal variable. There are rwo ways to 
do this: 

Using new 

Directly inicialiung che concenc.s of chat array 

The first way is to use die new operator co create a new instance of an array: 

String() names= new String[10); 

That line creaces a new array of String~ wich cen slots, com.Lining elemencs. When you create a 
new array object using new, you must indicace how many sloes chat array will hold. 

Array objects can contain primirive ~ such as integers or booleans. just as chey can comain 
objects: 

1nt[J temps: new 1nt(99]; 

When you create anarrayobjec.c usingnew,all its sloes are initialized for you (0 for numeric arrays, 
false for boolean, · \ 0 ' for character arrays, and null for objeccs). You can also create and 
initialize an array at the same time. Instead of using new to creace the new array object, enclose 
che clements of the array inside braces, separated by commas: 

String() chiles = { "Jalapeno•, •anahetm• , •serrano·, 
"habanero·, "thai" }; 

Each of die elements inside che braces must be of che same rype and must be the same type as 
rhe variable char holds char array. An array the si2.c of the number of elemen~ you've included 
will be auromacically created for you. This example cr<..-atcs an array of String objects named 
Chiles thac contains five elements. 

Accessing Array Elements 
O nce you have an array with inirial values, you can test and change che values in each slot of chat 
array. To get at a value scored within an array, use rhc array subscript expression: 

myArray[subscript); 
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Arrays, Conditionals, and Loop 

The myArrey part of chis expression is a variable holding an array object, although ic can also be 
an expression thac results in an array). The subscript expression specifies che sloe wichin the 
array to access. Array subscriprs scan wich 0. as chey do in C and C++. So, an array wich ten 
clements has ten array slots accessed using subscript 0 co 9. 

Note rhac all array subscripts are checked to make sure char chey are inside rhe boundaries of the 
array (greater than or equal co 0 but less than the array's length) either when your Java program 
is compiled or when it is run. 1 tis impossible in Java LO access or assign a value rn an array sloe 
outside of the boundaries of rhe array. Note the following cwo statements, for example: 

String() arr= new String(10J; 
arr[10) = •eggplant•; 

A program with char last statement in it produces a compiler error at chat line when you cry co 
compile it. The array scored in arr has only ten slors numbered from 0, the clement ac subscript 
10 doesn'c c:xist, and che Java compiler will check for thac. 

l f the array subscript is calcuJared ar run-ci me (for example, as part of a loop) and ends up outside 
the boundaries of the array, the Java incerpreceralso produces an error (acrually, to be cechnically 
correct, ic throws an excepcion). You'll learn more abour excepcions later on next week and on 
Day 18. 

How can you keep from overrunning che end of an array accidemally in your own programs? 
You can rest for the length of the array in your programs using che length instance variable­
it's available for aU array obje<:ts, regardless of rype: 

1nt len = arr.length II returns 10 

Changing Array Elements 
To assign an clement value co a particular array slot, merely put an assignment scacemem after 
che array access expression: 

myarray[1] = 15; 
sentence[0) = "The"; 
sentence[10) = sentence(0J; 

An important thing co note is mar an array of objects in Java is an array of references to chose 
objec~ (similar in some ways co an array of pointers in C or C++). When you assign a value co 
a slot in an array, you're creating a reference co that object, just as you do for a plain variable. 
When you move values around inside arrays (as in chat lase line), you just reassign the reference; 
you don't copy the value from oneslorcoanorhcr. Arrays of primitive rypessuch as intsor floats 

do copy chc values from one sloe ro another. 

Aml}'S of references to objecrs, as opposed to che objecrs themselves, are pan:icularly useful 
because ic means you can have muluple references co che same objcccs both inside and outside 
arrays-for example, you can assign an ob1ecc con rained in an array co a variable and refer co char 
same object by using either the variable or che array position. 
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Multidiinensional Arrays 
Java does not support multidimensional arrays. However, you can declare and create an array 
of arrays (and those arrays on contain arrays, and so on, for however many dimensions you 
need), and access them as you would C-style mulcidimensionaJ arrays: 

int coords[JI) = new int[12](12J; 
coords(0J[0J • 1; 
coords[0)[tJ = 2; 

Block Statements 
A block sratemenr is a group of ocher sracemencs surrounded by braces({}). You can use a block 
anywhere a single statement would go, and the new block creaces a new locaJ scope for the 
sraccmems inside it. This means chat you can declare and use local variables inside a block, and 
chose variables will cease to exist after the block is finished executing. For example, here's a block 
inside a mcrhod definition that declares a new variable y. You cannot use y outside the block in 
which ic'~ Jedared: 

void testblock() { 

} 

int x ., 10; 
{ // start of block 

int y: 50; 
System .out.println('1nside the block:"); 
System.out.println("x:• • x); 
System.out.println("y:• + Y)i 

} // end of block 

Blocks arc nor usualJy used inc-his way-alone in a method definition. You've mostly seen blocks 
up co this point surrounding dass and method de6nirions, bur another very common use of 
block sratcmcms is in the concrol flow conscrucrs you'll learn about in che remainder of today's 
lesson. 

if Conditionals 
The if conditional, which enables you ro execute differenc bits of code based on a simple ccsc 
in Java, i.s nearly idenricaJ co lf sraccmenrs in C. if condirionaJs conrain the keyword if, 

followed by a boolean ccsc. followed by a stacemenc (ofcen a block ~tarcment) ro execure if rhe 
test is rrue: 

lf (X < y) 
System.out.println("x 1s smaller than y"); 

An optional else keyword provides the staremenr to execute if the resr is false: 

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

else System.out.println("y is bigger"); 
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Technical Note: The difference becween if conditionals in Java and C or Ctt is 
that the rest must return a boolean value (true or false). Unl ike in C, the te:;t 

cannot return an integer. 

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 gasl Can ' t start engine."); 

This example uses rhe test (engineState == true) . For boolean tests of this cype, a common 
shortcut is merely to include the first part of the expression, rather than explicitly testing its value 

againsc crue 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 to use the 
conditional operator, sometimes called the ternary operator. 

NE\V• The conditional operator is a ternary operator because it has three terms. 

TERM 
The conditional operator is an expression, meaning that it returns a value (unlike che 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 chat rerums true or false, just like the rest in the if statement. If the 
rest is true, the conditionaJ operator reCUins the value of trueresult; if it's false, it returns the 
value of talseresul t. For example, the following conditional tests the values of x and y, returns 
the smaller of the rwo, and assigns that value to the variable smaller: 

int smaller= x < y? 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 co rest a variable against ~ome value, and 
if tt doesn't march char value, co test it again against a different value, and ifir doesn't march char 
one co make yet another cesc, and so on. Using only 1.f sratements, this can become unwieldy, 
depending on how it's formatted and how many diffcrcnr oprions you have co test. For example, 
you might end up wich a sec of .1.f scm-mencs somelhing like chis or longer: 

1.f (oper =: ·• ) 
addargs(arg1, arg2); 

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

else 1.f (oper =: *') 
multargs(arg1, arg2); 

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

This form of if scaremenc is called a nested if. because l-ach else statement in cum contains yet 
another if, and so on, until all possible rests have been made. 

A common shorthand mechanism for nested 1 fs char you can use in some cases allows you co 
group rests and actions together in a single sracemenc. This is the sw1 tch or case scarcmcnc; 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; 

default: defaultresult; 
} 

In the switch scacemenc, rhe rest (a primicivc cypc ofbyte, char, short, or int) is compared with 
each of the case values in rum. ff a match is found, the sracemenc, or sraremenrs after che test 
is executed. If no march is found, the default statement is executed. The default is optional, 
so if there isn't a march in any of the cases and default doesn't exist, the switch sraccmenr 
compleres without doing anything. 

Note thac the significant limitacion of the switch in Java is iliac the resrs and values can be only 
stmple primitive cyp~ (and then only primitive types chat arc: QStablc co int). You cannot use 
larger primitive types (long, float), strings, or ocher objects wichln a switch, nor can you test 
for any relationshjp other than equality. This limits rhc usefulness of switch to all bur the 
simplest cases; nested ifs can work for any kind of test on any rype. 
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Here's a simple example of a switch sraremcm similar to the nested if shown earlier: 

switch (oper) { 

} 

case +' : 
addargs(arg1, arg2); 
break; 

case •••: 

case 

subargs(arg1, arg2); 
break; 

multargs(arg1 , arg2) ; 
break; 

case ' /' : 
divargs(arg1, arg2); 
break; 

Nore the break stacemenc included in every Llne. Wichouc che explicit break, once a match is 
made, che scaremems for chat match and also all the statements further down in chc switch are 
executed uncil a break or the end of the switch i.s found (and then execution continues after the 
end of the switch). In some cases, chis may be exactly whar you wane co do, but in most case.~, 
you 'II want co make sure co include rhc break so rhac only the scacemencs you want co be executed 
are ex.ccuced. 

One handy use of falling through occurs when you wane multiple values ro execure the same 
sracemcncs. In ch.is instance, you can use multiple case lines with no resulr, and the switch will 
c:xecuce che fuse scacements ic finds. For example, in the following switch statement, the sering 
• x is an even number. • is primed if x has values of 2, 4, 6, or 8. All other values of x print the 
string • x is an odd number. • 

sw1tch (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 scaremenr or block of statements some number of rimes until 
a condition is matched. for loops arc frequendy used for simple irerarion in which you repeat 
a block of stacemencs a certain number of times and then scop, buc you can use for loops for just 
abouc any kind of loop. 

The for loop in Java looks roughly like chis: 

for (initialization; test; increment)( 
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statements; 

} 

The !!tart of the for loop has three paru: 

initialization is an expression that initializes the start of the loop. lf you have a loop 
index, chis expression might declare and initialize it, for example, int i = 0. Variables 
rhac you declare in chis pare of rhe for loop are local to the loop itself; they cease 
existing after rhe loop is finished executing. 

test is the tesr char occurs after each pass of the loop. The cesc must be a boolean 
expression or funccion chat rerums a boolean value, for example, i < 10. If the test is 
crue, the loop executes. Once the cest is false, rhe loop srops executing. 

1.ncrement is any expression or function calJ. Commonly, the increment is used co 
change the value of the loop index to bring the stare of che loop closer ro rerurning 
false and completing. 

The scacement pan of the for loop is rhe srarements char are executed each time the loop iterates. 
JU5t as with it, you can include either a single scaremenr here or a block; the previous example 
used a block because chat is more common. Here's an example of a tor loop thac initializes all 
che vaJues of a String array co null strings: 

String strArray[) = new Str1ng[10J; 
1.nt i; // loop index 

for (l a 0; 1 < strArray.length; 1++) 
strArray(1.) : ··; 

Any of the paru of the for loop can be empcy scaremcms, that is, you can simply include a 
sem1colon with no expression or statement, and chat pm of the for loop wiU be ignored. Note 
char if you do use a nuJI statement in your for loop, you may have ro iniriaJize or increment any 
loop variables or loop indices yourself elsewhere in che program. 

You can alro have an empcy statement for the body of your for Loop, if everyrhing you wane co 
do is in the first line of thac loop. For example, here's one that finds the fuse prime number higher 
than 4000: 

for (1 a 4001; notPrime(i); i += 2) 

Nore rhac a common mistake in C chat also occurs in Java is to accidenrally pur a semicolon after 
the first line of che for loop: 

tor (i • e; i < 10; i+•); 
System.out.println("Loopl"); 

Because the ftr~c semicolon ends the loop with an empcysratcmenr, the loop doesn't acruallydo 
anyrhing. The println funcc.ion will be printed only once, because ir's acruaJly outside che for 
loop entirely. Be careful not ro make chis mistake in your own Java programs. 
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while and do Loops 
Finally, there are while and do loops. while and do loops, like for loops, enable a block of Java 
code co be executed repeatedly until a specific condition is met. Whether you use a for loop, a 
while, or a do is moscly a maccer of your programming srylc. 

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 repeat a statement or block of scatcmenrs as long as a particular 
condition is true. while loops look like this: 

while (condition>I 
bodyOfLoop; 

} 

The condition is a boolean expression. Ifit returns true. the while loop executes the scacemcnrs 
in bodyOfloop and then tescs the condition again, repeating until che condition is false. I've 
shown chewh1le loop here with a block sratemenc, because ic's most commonly used, alchough 
you can use a single scatemem in place of che block. 

Herc's an example of a while loop that copies che elemenrs of an array of integers (in array1) 

to an array off loats (in array2), casting each element to afloat as it goes. The one catch is that 
if any of the elemcnrs in the fircic array is 01 the loop will immed.iarely exit at chat point. To cover 
both chc cases wherein all chc elements have been copied and an clement is 0, you can use a 
compound resc with the && operator: 

J.nt count= 0; 
while (count< array1.1ength && array1[count) !•0) { 

array2[count) • (float) array1[count++); 
} 

Nore char if the condirion is inicially false the fuse rime it is reseed (for example, if che firsrcJemcnc 
in char first array is 0), the body of chewhile loop will never be execuced.. If you need co execute 
the loop ar least once, you can do one of rwo things: 

Duplicate the body of the loop outside the while loop. 

Use a do loop (described below). 

The do loop is considered che bercer solucion of the rwo. 
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do ... while Loops 
The do loop is jusr like a while loop, except lhat do executes a given sraremenc or block until the 
conrucion is false. The main difference is chat while loops rest che condition before looping, 
making it possible chat the body of the loop will never execute if the condicion is false rhe first 
cime it's tested. do loops run the body of chc loop at lease once before testing the condition. do 
loops look like this: 

do { 
bodyOfLoop; 

} while (condition); 

Here, the bodyOf Loop part is the scaccmcnts chat are executed with each iceracion. It ·s shown here 
with a block sratemenr because it's most commonly used char way, but you can substitute the 
braces for a single stalemenr as you can with the other concrol-Aow conscrucrs. The condition 
is a boolean rest. If it rerurru truet the loop is run again. If it returns false, rhc loop cxics. Keep 
in mind chat with do loops, che body of the loop executes ar lease once. 

Here's a simple example of a do loop chac prints a message each time chc loop iterates: 

l.nt X : 1; 
do { 

System.out . println("Looping, round • + x); 
x++; 

} while (X <= 10); 

Here's che outpur of these statements: 

Loop1ng t round 1 
Looping, round 2 
Looping, round 3 
Looping, round 4 
Looping, round 5 
Loop1.og, round 6 
Loopingt round 7 
Looping, round 8 
Looping, round 9 
Looping, round 10 

Breaking Out of Loops 
Jn all the loops (for, while, and do), the loop ends when the condirion you're resting for is mer. 
What happens if something odd occurs within the body of u,e loop and you wane to exit the loop 
early? For that, you can use the break and continue keywords. 
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You've already seen break as pan of che swltch statemenr; ic stops execution of the switch, and 
the program conrinues. The break keyword, when used with a loop, does the same ching-ic 
immediately hales execution of the current loop. If you've nested loops within loops, execution 
picks up in the nc.xt outer loop; otherwise:, the program merely concinues executing chc next 

stacement after the loop. 

For example. rake thac whlle loop chac copied elemems from an integer array into an array of 
floats until rhc end of the array or unril a 0 is reached. You can rest for that larcer case imide the 

body of rhc while and then use a break co exit the loop: 

int count• 0; 
while (count< ar ray1.length) { 

if (array1(count) == 0) { 
break; 

} 
array2(count) = (float) arrayl[count•+J; 

} 

continue is similar ro break except char instead of halting execution of the loop cncirdy, rhc loop 
sraru over at the next iteration. For do and while loops, chis means che execution of the block 
scares over .igain; for for loops, the increment expression is evaluated and then the block is 
executed. continue is useful when you wane to special-case clements wichin a loop. With the 
previous exnmple of copying one array co another, you can cc.st for whether the currem element 
is 0 and res rare the loop if you find it so chat che resulting array will never con rain zero. Note thac 
because you're skipping dcmencs in the first array, you now hnvc to keep track of rwo clHfercnr 

array counters: 

int count1 = 0; 
lnt count2 = 0; 
while {count< array1.length) { 

if (array1(count) == 0) 
continue; 

array2(count2++) = (f loat)array1(count++J; 
} 

Labeled Loops 
Both break and continue can have an optionaJ labd that cells Java where m break co. Without 
a label, break jumps outside the nearest loop {to an enclosing loop or co che nexc statement 
outside the loop), and continue rcSlarts the enclosing loop. Using labeled breaks and continues 
enables you co break outside nested loops or to concinue a loop ourside the current loop. 
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1 o use a labeled loop, add the label before ch~ initial parr of the loop, wi ch a colon between them. 
Then, when you use break or continue, add che name of the label after the keyword irselF. 

out: 
for (inti = 0; i <10; i++) { 

while (X < 50) { 

} 

if (i * X ~ 400) 
break out; 

In thissnippctofcodc, the label out labels theourerloop. Then, inside both rheforand the while 
loop, when a particular condicaon is met, a break causes rhe execution co break ouc ofborh loops. 

Here's another example: the following program concains a nested for loop. Inside rhe innermost 
loop. if the summed values of the rwo counters is greater than four, both loops exir at once: 

too: 
tor (int 1 = 1; i <= 5; i++) 

for ( int j "" 1 ; J <= 3; J ++) { 
System.out.pr1.ntln( "1 1s • + i + • j is • + J)i 
1f((1+j)>4) 

break too; 
} 

System.out.pr1ntlnc·end of loops"); 

Here's the output from chis program: 

i 1S 1 ' j l.S 1 
l J.S 1 1 J l.S 2 

i is 1, J J.S 3 
1 is 2, j 1S 1 
i is 2, j is 2 
1. is 21 j l.S 3 
end of loops 

As you can see, chc loop iterated until che sum of 1. and J was greater than 4, and then both 
loops ex.iced back co the outer block and the final message \\..lS primed. 

Sllllllllary 
To<lay, you learn<.-<l abour three main topics thacyou'U mosc likely use quite often in your own 
Java programs. arrays, condicionals. and loops. 

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

Conditionals include rhe 1 f and sw1 tch statcmcnc:s, wirh which you can branch to different pans 
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of your program based on a boolean test. 

Finally, you learned abouc the for , while, and do loops, each of which enable you to cxecure a 

portion of your program repeatedly until a given condition is mer. 

Now char you've learned che smaJI stuff, all char's left 1s to go over the bigger issues of declaring 
classci. a.nd crearing mcrhods within which inscances of those classes can communicate with each 
ocher by calling methods. Gee co bed early tonight, because tomorrow is going co be a wild ride. 

Q&A 
Q If arrays arc objeas, and you use new to create them, and they have an instance 

variable length, wbcre is the Array class? I didn't see it in the Java class libraries. 

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

Q Does Java have gotoa? 

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

Q I 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 cechnic.aJ cerms, block scacemems inside braces form a new lexical scope. What chis 
means is chat if you declare a variable inside a block, ir's only visible and usable inside 
chat block. Once rhe 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 
rhey'll be needed- usually at the cop of a block statement. The exception mighc 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 shorccuc. 

You'll learn more abouc variables and scope tomorrow. 

Q Why can't you use switch with strings? 

A Srrings are objecc~. and switch in Java works only fur the primifive types byte, char, 

short, and int. ro compare strings, you have to use nested ifs, which enable more 
general expression rests, 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 acrually a spcciaJ case of while that enables you to iterate a loop 
a specific number of times. You could jusr as easily <lo chis wirh a while and then 
increment a counrer i.nside the loop. Eir.her works equaJly well. This is mostly jusr a 
question of programming style and personal choke. 
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Much ofJava's current popularity has come abouc because of Java-capable World Wide Web 
browsers and their support for applets: small programs chac run inside a Web page and can be 
used co create dynamic, imeractive Web designs. Applets, as I noted at the beginning of chis 
book, are written in the Java language, and can be viewed in any browser char supports Java, 
including Sun's HocJava and Netscape's Navigator 2.0. Learning how co create applets is mo~c 
likely the reason you bought this book, so let's waste no more rime. 

Lase week, you focused on learning about the Java language itself, and moscof Lhe little programs 
you created were Java applications. This week, now chat you have che basics down, you move 
on co creating and using applets, which includes a discussion of many of che classes in rhc 
standard Java class library. 

Today, you'll start with the basi~: 

LJ A small review of differences between Java applers and applications 

[J Getting started with applec.s: the basks of how an applet works and how co create your 
own simple applet.:. 

Including an applet on a Web page by using the <APPLET> ~ including chc various 
fearures of chat cag 

r;- Passing parameters co appk"tS 

How Applets and Applications Are 
Different 

Although you explored che differences between Java applicacions and Java applets in the early 
part of chis book, Ice's review them. 

In short, J"'va applicuion.s arc stand-alone Java programs rhac can be run by using just che Java 
interpreter, for example, from a command line. Mose everything you've used up to ch.is point 
in che book has been a Java application, albeit a simple one. 

Javaapplecs, however, arc run from inside a World Wide Web browser. A reference co an applec 
is embedded in a Web page using a special HTML cag. When a reader, using a Java-enabled 
browser, loads a Web page with an applet in ic, cbe browser downloads chat applcc from a Web 
server and executes icon the local system (the one the browser is running on). 

Because Java applets run inside a Java browser, they have the advantage of the srruccure che 
browser provides: an exisring window, an event-handling and graphics concexc, and the sur­
rounding user interface. Java applications can also create this scrucrure, but they don't require 
ic (you'll learn how to create Java applicacions rhar use applet-like graphics and UI features on 
Day 14). 
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The convenience char applet~ have over appl1carions in cerms of srrucrure and UJ capabilities. 
however, is hampered. by restrictions on whac apple~ can do. Given che facr rhar Java applets 
can be downloaded from anywhere and run on a dicnr's syscem, rescriccions are nec~sary co 
prevcnc an applcc from causing system damage or security breaches. Wichouc these resuiccions 
in place, Java applets could be written to contain viruses or trojan horses (programs chat seem 
friendly bur do some sort of damage co che system), or be used co compromise che security of 
the system rhac runs chem. The rescricc:ions on whal an applet can do indude the following: 

Applets can't read or ¥trice ro chc reader's file system, except in specific directories 
(which are defined by che user through an access control list that, by default, is 
empty). ~omc browsers may not even allow an applet to re.ad or write ro the file 
sy~cem ar all, or at the same rime as using chc network. 

Applecs ca.n'r usually communicate wich a server ocher than the one chat had originally 
scored che applet. (This may be configurable by che browser; however, you should not 
depend on having chis behavior available.) 

Applets can't run any programs on the reader's system. For Unix syscrnis, chis includes 
forking a process. 

Applers can'c load programs native co the local platform, including shared librariC-) 
such as DLLs. 

[n addition, Java itself includes various forms of security and consistency checking in che Java 
compiler and incerpreterto prevenrunonhodox use of che language (you'll learn moreabourchis 
on Day 21 ). This combination of resuictiom and security fearurcs make ir more difficult for a 
rogue Java applet co do damage co che client's system. 

Note: These rescrkcions prevent aJI of the traditional w.1ys of causing damage 10 a 
clicnr's sysrem, bur ir's impossiblr ro be absolutdy ure that a clever programmer 
cannoc somehow work around these restrictions, violarc privacy, use CPU re• 
sources, and be annoying. Sun has asked rhe Nee ar large to cry to break Java's 
security and to create an applet char can work around the resrriaions imposed on 
ir. You'll learn about more issues in Java security on Day 21. 

Creating Applets 
For the most part, all the Java programs you've crc-.ncd up co this poinc have been Java 
applicacions--simple programs wich a single nain ( ) method that created object~, sec inscan~ 
variabl~s. and ran mechods. Today and in che days following, you'll be creacing appJccs 
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exclusively, so you ,viii need a good grbp of how an applet works, the sores off ea cures an applec 
has, and where co srarr when you first create your own applets. Without further ado, lee's get on 
wirh it. 

To create an applet, you create a subclass of che class Applet, in the j ava. applet package. The 
Applet class provides behavior co enable your applet nor only co work within the browser icsclf, 
buc also to rake advantage of the capabilities of A WT co include U1 elemencs, ro handJe mouse 
and keyword evencs, and to draw co the screen. Although your applet can have as many "helper" 
classes as it needs, it's the main applet class cha1C triggers the execution of the applet. Thar inirial 
applet class always has a signature like chis: 

public class myClass extends java.applet.Applet { 

} 

Note rhe public keyword. Java requires char your applet subclass be declared public. Again, chis 
is true only of your main applet class; any helper classes you crcare can be public or private as 
you wish. Public, private, and ocher forms of access control are described on Day 15. 

When Java encounters your applet in a Web page. it loads your initial applec class over che 
nerwork, as welJ as any ocher helper classes chat first dass uses. Unlike wich applications, where 
JavacaUs chemain() method directly on yourinicial class, whcnyourapplec 1sloaded,Javacrcaces 
an instance of chat class, and a cries of Applet methods are called on char instance. Different 
applets that use the same class use different in.stances, so each one can behave diffcrencly from 
che ocher applets running in the same browc;er. 

Major Applet Activities 
To create a basic Java application, your class has co have one method, main(), with a specific 
signature. Then, when your appl icacion scares up, ma.in () is executed. and from Ma1n ( ) you can 
sec up the behavior ch.at your program needs. Applets arc similar bur more complicaced. Applets 
have many different activities chat correspond co various major even cs in the life cycle of the 
applet-for example. inicializacion, painting, or mouse events. Each accivicy has a corresponding 
method, so when an event occurs, chc brow er or other Java-capable cool calls chose specific. 
methods. 

The default implemencacions of chese acdvicy methods do nothing; co provide behavior for an 
event you must override the appropriate method in your applet's subclass. You don't have co 
override all of chem, of course; different applet behavior requires different methods co be 
overridden. 

You'll learn about the various important methods co override as the week progresses, but, for a 
general overview, here are five of the more important methods in an applct's execution: 
inicialization, scarring. stopping, dcsrroying, and painting. 
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Initialization 
Initialization occurs when the applet is first loaded (or reloaded). Jnicialization might include 
creating rhe objecrs ir needs, serring up an initial state, loading images or fonts, or scrring 
parameters. To provide behavior for the inirialization of your appler, override the init () 
method: 

public void init() { 

} 

Starting 
After an appler is initialized, it is scaned. Starring can aJso occur if chc applet was previously 
stopped. For example, an applet is stopped if the reader follows a link co a different page, and 
ic is scarred again when che reader returns to chis page. Note char starting can occur several times 
during an appler's life cycle, whereas inirializ.arion happens onJy once. To provide scarcup 
behavior for your applet, override the start () method: 

public void start() { 

} 

Functionality chac you put in the start () method mighr include srarring up a thread ro comrol 
the appler. sending c.he appropriate messages co helper objeccs, or in some way celling the applet 
co begin running. You'll learn more about scarring applet.Son Day 10. 

Stoppir1g 
Scoppmg and starting go hand in hand. Scopping occurs when the reader leaves che page char 
contains a currently running applet, or you can stop the applet yourself by caJJing stop(). By 
default, when che reader leaves a page any ch reads the applet had scaned will continue running. 
You 'lJ learn more about threads in Day I 0. By overriding stop (}, you can suspend execution 
of these threads and then rescan chem if che applet is viewed again: 

public void stop() { 

} 

D estroying 
Destroying sounds more violent than iris. Destroying enah]es the applet to dean up after itself 
just before ic is freed or the browser exic:s--for example, co kill any running c.hreads or to release 
any ocher running objeccs. Generally, you won'r wane co override destroy() unless you have 
specific resources char need ro be released-for example, threads char the applet has creared. To 
provide clean up behavior for your applet, override che destroy() method: 

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

13.1 

IPR2022-00518 Page 00055



13-1 

Java Applet Basics 

public void destroy() { 

} 

Technjcal Note: How is oestroy () dHlcrem from f inall.ze (), which was described 
on Day 7? Firsr, destroy() applie~ only to applets. finalize( l is a more general­
purpose way for a single objecc of any cype co clean up after icself. 

Painting 
Painting is how an applet actually draws something on the screen, be ic rexr, a line. a colored 
background, or an image. Painting can occur many hundreds of times during an applcr'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 co a 
different position on the screen, or perhaps repeatedly in the case of animations. You O\lerride 
che paint () method for your applet to have an acru.aJ appearance on the screen. The paint () 
mechod looks like this: 

public void paint(Graphics g) { 

Note chat unlike the other major methods in th is section, paint ( ) cakes an argument, an ins ranee 
of the class Graphics. This ob jeer is crcared and passed co paint by the browser, so you don't have 
co worry about it. However, you will have co make sure that the Graphics class (pan of the 
j ava. awt package) gees imported into your appler code, usually chrough an import statement ar 
the top of your Java fiJe: 

import java.awt.Graphics; 

A Simple Applet 
On Day 2, you created a simple applcc called HelloAgainApplec (chis was the one with the big 
red Hello Again). There, you creare<l and used that applet as an example of creacing a subclass. 
Lee's go over the code for chac applet again, chis time looking ar it slighcly differently in light of 
the things you just learned about applets. Listing 8.1 shows the code for that applet. 
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Li1-1ting 8. I. The Hello Afl;ain applet. 
1 : import java.awt.Graphics; 
2: import java.awt.Font; 
3: import java.awt.Color; 
4: 
5: public class HelloAgainApplet extends Java.applet.Applet { 
6 : 
7 : Font f = new Font("T1mesRoman• 1 Font.BOLO, 36); 
8 : 
9: public void paint(Graphics g) { 

18: g.setFont(f); 
11: g.setColor(Color.red); 
12: g.drawStr1ng("Hello again!", 5, 50); 
13: } 
14: } 

This applec overrides paint (), one of the major methods described in the previous section. 
Because the applet does-n'r acrually do much (all ir docs is prinr a couple of words ro the 
screen), and there's nor really anything m initialize, you don't need a start{) or a stop() 

or an ini t () method. 

The paint method is where che real work of this applet (what lirtle work goes on) really occurs. 
The Graphics object passed imo the paint () method holds the graphics scace--thac is, che 
current f ~tures of the drawing surface. Lines l O and ) l set up rhe fonr and color for rhis graphics 
st:acc (here, che fonr ob jeer held in rhc f instance variable, and an objcc.t representing the color 
red char's stored in rhc Color class's variable red). 

Linc 12 then draws rhe string • Hello Aga 1n 1 • by using rhe current fouc anJ color at the positjoo 
5, 50. Noce chac rhe0 pomcfor x, y is ac the top left of the appler's drawing surface, wich posicive 
y moving downward, so 50 is acrually at the bonom of the applet. Figure 8.1 shows how the 
applet's bounding box .tnd the .string arc drawn on the page. 

Figure 8.1. 0,0 

Drau ing ,he appkt. 

50 

ello again! 
5 
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Including an Applet on a Web Page 
After you create a clas~ or classes rhac concain your appler and compile chem into class files as 
you woul<l any ocher Java pcogram, you have co create a Web page chat will hold chat applet by 
using the HTML language. There is a spcciaJ HTML tag for including applets in Web pages; 
Java-capable browsers use chc information comained in that tag co locate the compiled. class files 
and execute the applet icself. In chis section, you'll learn abouc how to pucjava applets in a Web 
page and how to serve chose files co rhc Web at large. 

Note: The: following section assumes you have ar lease a passing undemanding of 
\\Ticing HTNIL pages. If you need hclp in chis area, you may find the book T~ach 
YounelfWth Publishing with HTML in 1 -1 D,1JS useful. It is also from am . Net 
(and • lso written by one of the authors of this book}. 

The <A.PPLE'I> Tag 
To include an applet on a Web page, use rhe <APPLET> rag. <APPLET> is a special cxrension to 

HTML for including applets in Web pages. Listing 8.2 shows a very simple example of a Web 
page wich an applet included in ic. 

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: 
7: <BR> 
8: <APPLET CODE="HelloA.gainApplet.class · WIDTH=200 HEIGHT=50> 
9: There would be an applet here if your browser 

1a: supported Java. 
11: </APPLET> 
12: </BODY> 
13: </HTML> 

There are three things to note about che <APPLET> cag in rhis page: 

The CODE arrribuce indicate the name: of the class file that conta1nc: chis applec, 
including the .class excenston. In chis case, che class file must be in the same directory 
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as chis HTML file. To ind,care applecs are in a specific directory, use COOEBASE, 

described lacer today. 

WIDTH and HEIGHT ace required and are used co indicate the bounding box of che 
applet-chat is, how big a box ro draw for the applet 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 appLer draws outside the boundaries of the space you've given ic, you may not be 
able co see or get co chose pares of the applet oucside the bouncling box. 

The cexc between che <APPLET> and </APPLET> tags is clisplayed by browsers chat do 
not understand the <APPLET> cag (which includes most browsers char are nor Java­
capable}. Because your page may be viewed in many different kinds of browsers, it is a 
very good idea co include alternace text here so that readers of your page who don't 
have Java will see something ocher than a blank line. Herc, you include a simple 
scacemem that says Tl'lere would be an applet here if your browser supported 
Java. 

Note char the <APPLET> tag, like the <IMG> tag, is not icsdf a paragraph, so ir shouJd be enclosed 
inside a more general ccxc cag. such as <P> or one of the heading cags ( <H1 >, <H2>, and so on). 

Testing the R esult 
Now with a class file and an HTML file that refers co your applec, you shouJd be able ro load 
thac H fML fi.Je 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 executes your appler class. 

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

Figure 8.2. 
The Hello Again applet. 

Hello again! 

Making Java Apple ts Available to the W e b 
Afr.er you have an applet and an HTML file, and you've verified thac everything is working 
correctly on your local sysrcm, the lasr step is making that applet available to the World Wide 
Web at large so chat anyone with a Java-capable browser can view that applet. 
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Java applets are served by a Web server the same way that HTML files, images, and other media 
are. Youdon'c need speciaJ server software co make Java applets .wailable co the Web; you don't 
even need co 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 co do is move your HTML and compiled 
class files to thac server, as you would any ocher file. 

If you don't have a Web server, you have co rem space on one or serene 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 siz.c and then loads and runs the applet in chat space. The <APPLET> cag, 
however, does indude several accribuccs chac can help you better integrate your applet into the 
overaU design of your Web page. 

Note: The attributes available for che <APPLET> t:1g arc almost idcn rical to tho e for 
the HTML <IUG> rag. 

ALIGN 
The ALIGN attribute defines how the applet will be aligned on the page. This arrribute can have 
one of nine values: LEFT, RIGHT, TOP, TEXTTOP, MIDDLE, ABSMIDDLE, BASELINE, BOTTOM, and 
ABSBOTTOM. 

ln the case of ALIGN=LEFT and ALIGN=RIGHT, the applet is placed ac the left or righc margins of the 
page, respccrively, and all text following that applet flows in the space to the right or left of that 
applec. The text will continue ro flow in that space until che end of the applet, or you can use 
a line break tag (<BR>) with rhe CLEAR arcribuce to stare the left I ine of text below chat applet. The 
CLEAR attribute can have one of three values: CLEAR•LEFT scares the cexc ac the next dear left 
margin, CLEAR=RIGHT does che same for the right margin, and CLEAR=ALL starts the text at the next 
line where both margins are dear. 

For example. here's a snippet of HTML code chat aligns an applet against the left margin, has 
some text Rowing alongside it, and then breaks at the end of the paragraph so that rhc next bit 
of ten starts below the applet: 
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--------■~, 
<P><APPLET CODE="HelloAgainApplet • WIDTH=300 HEIGHT=200 
ALIGN=LEFT>Hello Againl</APPLET> 
To the left of this paragraph 1s 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 appin aligned lefi. 

Netna e: A let RII nment 

To tbl ki of thll pmgap • 1:1 ~ Ju an 
~tfPla.m..-hith1small~•prided 

Hello again! ·-· Nlm36'pamT=-stm! 

IDti. lllllplll clllltpep w._OIIIIIIIIII loYlllldarwtAlllcotdn:ri.i, lll)'IOfoampeenu,c.n 
btad•• ..... -1. 

For smalkr appleu, you may wane co include your applet within a single line of cext. To do chis. 
cherc arc seven values for ALIGN that determine how the applet i~ vertically aligned with rhe rexc: 

ALIGN=TEXTTTOP aligns the cop of the applcc wich the cop of chc caJJcsr rcxr in the line. 

ALIGN-=TOP aligns the applet with the topmost item in chc line (which may be anorher 
applet, or an image, or rhe cop of the texc). 

ALIGN•ABSMIDOLE aJigns rhe middle of the applet with the middle of the largest item in 
the lmc. 

ALIGN=MIDOLE aligns chc middle of the applet with chc middle of the baseline of the 
texr. 

ALIGN=BASELINE aligns che bonom of the applet with the baseline of the texl. 
ALIGN=BASELINE ii. rhc same as AL IGN•BOTTOM, buc ALIGN::cBASELINE is a r.,orc descriptive 
name. 

ALIGNi=ABSBOTTOM aligns rhe bocrom of che applet with the lowest item in the line 
(which may be chc basclint- of che text or an ocher applet or image). 

Figure 8.4 show~ rhc various alignment options, where the line is an image and the arrow is a 
small applet. 
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Figure 8.4. 
Applet alignmmt optrom. MlddJe 

HSPACE and VSPACE 
TbeHSPACE and VSPACEattribucesare used to sec the amount of space, in pixels, between an applet 
and its surrounding text. HSPACE controls the horizontal space (the space to the left and right of 
the appler). VSPACE controls the vertical space {the space above and bdow). For ex.ample, here's 
chat sample snippet of HTML with vertical space of 50 and honzonral space of 10: 

<P><APPLET COOE="HelloAga1nApplet• WIOTH=300 HEIGHT=200 
ALIGN=LEFT VSPACE=50 HSPACE=10>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 CLEAA:•=ALL> 
<P>tn the next part of the page, we demonstrate how 
under certain condit1ons, styrofoam peanuts can be 
used as a healthy snack. 

The resuJc in a typical Java browser might look like char in Figure 8.5. 
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Figure 8.5. 
Vertical and horizoma/ 
space. 
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N~tscepe: Applet flll oment 

Hello again! 
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CODE and CODEBASE 

• 

CODE is used to indicate the name of the class fl.le char holds the current applet. If CODE is used 
alone in the <APPLET> rag, che class file is searched for in the same directory as chc HTML file 
char references it. 

If you wanr co srnre your class files in a different direaory than chat of your HTML files, you 
have co rcll chejava-capable browser where to find chose class files. To do this, you useCODEBASE. 

CODE concains only the name of che class file; CODEBASE contains an alternate pathname where 
classes are contained. I·or example, if you store your class files in a directory called /classes, 
which is in the same djrcccory as your HTML files, COOEBASE is the following: 

<APPLET cooe:•myclass.class• CODEBASE="classes• 
WIOTH•100 HEIGHT•180></APPLET> 

Passing Parruneters to Applets 
Wirh Java applications, you can pass parameters to your main () rourine by using arguments on 
the command line. You can chen parse those arguments inside the body of your class, and the 
applicacion aces accordingly based on the arguments it is given. 

Applets, however, don 't have a command line. How do you pass in different arguments to an 
applet? Applecs can get <lifferenr inpur from the HTML file rhat contains the <APPLET> rag 
rhrough che use of applet parameters. To sec up and handle parameters in an applet, you need 
cwo things: 

A special parameter tag in the HTML file 

Code in your applet to panic: chose parameters 
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Applet parameters come in rwo pans: a name, which is simply a name you pick, and a value, 
which dcrcmuncs the value of that parcicular parameter. So, for example, you can indicace che 
color of cexc in an applet by using a parameter with che name color and the value red. You can 
determine an animation's speed using a parameter with che name speed and rhc value 5. 

In the HTML fie chat contains the embedded applet, you indicare each parameter using the 
<PARAM> mg, which has rwo artribuces for che name and rhe value, called (surprisingly enough). 
NAME and VALUE. The <PARAM> tag goes inside che opening and closing <APPLET> tags: 

<APPLET CODE="MyApplet.class· WIDTH=100 HEIGHT=1 00> 
<PARAM NAME;font VALUE=•TimesRoman"> 
<PARAM NAME=size VALUE="36"> 
A Java applet appears here.</APPLET> 

This particularcxampledefines rwo parameters to theMyApplctapplcc: onewho~e name is font 
and whose value is TimesRoman, and one whose name is size and whose value is 36. 

Parameters arc passed co your applet when ic is loaded. In the ini t () method for your applet, 
you can chen gee hold of chose parameters by using the get Parameter () method. getParameter () 

takes one argumenr-a sering representing chc name of the parameter you're lookjng for-and 
returns a sering containing the corresponrung value of char parameter. (Like argumcn c~ in Java 
applications, all the parameter values are strings.) To gee the value of the font parameter from 
che HTML file, you might have a line such as chis in your init () method: 

String theFontName ~ getParaAeter("font')i 

ote: The names of the parameters as sp<.·dfied in <PARAY> and che nam~ of the 
parameters in getParameter() muse rmnch identically, including having the same 
case. In other words, <PARAM NAME•"name"> i~ different from <P>AALI NAMe~•Name">. 

If your parameters are not being properly pa.~sed co your applet, make 5ure che 
parameter cases march. 

Nore char if a parameter you expect has not been specified in the HTML file, get Parameter() 

rerurns null. Mose often, you will want co rest for a null parameter and supply a reasonable 
default: 

if (theFontName == null) 
theFontName = •courier· 

Keep in mind char get Parameter() returns scrings--if you ,vanr a parameter co be some other 
objecr or cype, you have co convert it yourself. To parse the size parameter from chac same 
HTML file and assign it co an inreger variable called theSize, you m.ighc use the following lines: 
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int theSize; 
Strings= getParameter( "size 0

); 

if (s """ null) 
theSize .. 12; 

else theSize • Integer.parseint(s); 

Get it? Not yet? Let's create an example of an applet chat uses this technique. You'll modify the 
HdloAgainApp.ler so chat ir says hello co a specific name, for example "Hello Bill" or "Hello 

Allee . The name is p~cd inco chc applet chrough an HTML parameter. 

Lee's scare by copying me original HelloAgainApplet class: 

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

public class MoreHelloApplet extends java . applet.Applet { 

Font f: new Font("Ti•esRoffian·, Font .BOLD, 36); 

public void paint (Graphics g) { 
g.setFont(f); 
g.setColor(Color.red); 
g.drawStr1ng("Hello Again1• 1 5, 59); 

} 

The firsr chingyou need co add ro this class isa place for me name. Because you'IJ need chat name 
throughout the appler, let's add an insrancc variable for the name, jusL afrer the variable for the 
font: 

String name; 

To set a value for the name, you have co gee che parameter. The bcsc place co handle parameters 
ro an applet is inside an ini t () method. 1 ·he ini t ( ) method is defined similarly co paint () 
(public, wich no argu men cs, and a rerurn type of void). Make sure when you cesc for a parameter 
chat you ces.c for .1 val uc of null. The default, in chis case, if a name isn't in di cared, is co say hello 
ro "Laura•: 

public void init() { 
namer getParameter( "name ")j 

if (name null) 
name= "Laura·; 

} 

One lase thing ro do now rhac you have the name from the HTML parameters is to modify the 
name .so char ir'.s a com11lcte string-that is, to tack "Hello • onco the beginning, and an 
exclamation poinr onco the end. You could do this in the paint mechodjusr before printing the 
string co the screen. 1 !ere it's done onJy once, however, whereas in paint () it's done every rime 
chc screen is repainccd-in ocher words, it's slightly more efficient co do ic inside ini t () instead: 

name= ' Hello • + name+ •1•; 
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And now, all chac's left is co modify the paint() method. T he original drawstring() mecho<l 
looked like this: 

g.drawstring("Hello Again! , 5, 50) i 

To draw the new sering you have :;core<l in che name inscance variable, all you need co do is 

substitute that variable for the literal sering: 

g.drawString(name 1 5, 50); 

Liscing 8.3 shows the final result of c.he MoreHelloApplet class. Compile it so thar you have a class 
file ready. 

Lis ting 8.3. The MoreHtlloApplet clas . 

1: import Java.awt.Graphics; 
2: import java.awt.Font; 
3: i.Jnport java.awt.Color; 
4: 
5: public class MoreHelloApplet extends Java.applet.Applet { 
6: 
7: Font f = new Font("TimesRoman•, Font.BOLD, 36); 
8 : String name; 
9 : 

19: public void init() { 
11 : name: getParameter("name"); 
12: if (name== null) 
13 : na111e : "Laura•; 
14: 
15: name= "Hello•+ name~ ·1•; 
16: } 
17: 
18: public void paint (Graphics g) { 
19 : g.setFont(f); 
21: g. set Color (Color. red) ; 
21: g.draWString(name, 5, 68); 
22 : } 
23 : } 

Now, let's create the HTML fi le char contains this appler. Listing 8.4 shows a new Web page 
for the MorcHclloApplec applet. 

Listing 8 .4 . The HTML f"tle for the More H e lloApple t apple t . 

1: <HTUL> 
2: <HEAD> 
3: <TITLE>Hel lol</TITLE> 
4: </HEAD> 
5 : <BODY> 
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6: <P> 
7: <APPLET CODEx"UoreHelloApplet.class• WIDTH•300 HEIGHT=50> 
8: <PAR.AM NAME-name VALUE="Bonzo·> 
9: Hello to whoever you arel 

11: </APPLET> 
11 : </BODY> 
12: </HTML> 

Nore rhc <APPLET> tag, which points to the class file for che applet with the appropriate 
width and hcighr (300 and 50). Just bdow it (line 8) is che <PARAM> tag, which you use co 
pass in the name. Here, the NAME parameter is simply name, and chc VALUE is the string 

·eonzo•. 

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

Figure 8.6. 
Tiu result of 
AJoreHelloApple,. first rry. nzo! 

Lee's rry a second cxan1ple. Remember that in che code for MoreHelloAppler, if no name is 
-.pccified. rhc: default is che name "Laura•. Listing 8.5 creates an HTML file with no paramt::cer 
cag for name. 

Listing 8.5. Another HTl\lL File for the 
.MoreHelloApplet applet. 

1: <HTML> 
2: <HEAD> 
3: <TITLE>Hellol</TITLE> 
4: </HEAD> 
5: <BODY> 
6: <P> 
7 : <APPLET CODE•"MoreHelloApplet.class• WIDTH•300 HEIGHT=50> 
8 : Hello to whoever you are! 
9: </APPLET> 

11: </BODY> 
11 : </HTML> 

I lere, because no name was supplied, che Jpplet u~cs the default, and the resulciswhac you mighc 
expect (see Figure 8.7). 
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Figure 8.7. 
The result of 
MoreHelloAppkr, 
recond try. 

Slllllll1.ary 

Hello Laura! 

Applers are probably chc 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 accc.ss the graphics, user interface, and evenc srrucnm: provided by che 
Web browser itself. Today, you learned the basics of creacing applets, including the following 

things: 

All appJecs you devdop using Java inherit from the Applet class, part of the 
j ava. applet package. The Applet class provides basic behavior for how the applet will 
he incegraced with and rcacr co the browser and various forms of input from chat 
browser and the person running it. By subclassing Applet, you have access co all char 
behavior. 

Applets have five main methods, which are used for the basic activities an applet 
performs during its life cycle: ini t (), start (), stop (), destroy (), and paint (). 

Although you don't need to override all these methods, chest! are the mosc common 
methods you'll see repeated in many of the applets you'll create in rhis book and in 
other sample programs. 

To run a compiled applet cl:15.S file, you include it in an HTML Web page by using 
the <APPLET> rag. When a Java-capable browser comes across <APPLET>, ic loads and 
runs che applcc d~cribcd in that rag. Nore rhac co publish Java applets on rhe World 
Wide Web alongside HTML fiJcs you do noc need special server software; any plain 
old Web server will do ju-.c fine. 

Unlike application , applets do not have a common line on which co pJ.Ss arguments, 
so those argument.l> muse be passed imo the applet through the HTML file that 
contains it. You indicate parameters in an HTML file by using rhe <PARAM> cag inside 
the opening and closing <APPLET> rags. <PARAM> has rwo arcribuces: NAME for the name 
of che parameter, and VALUE for its value. Inside the body of your applet (usually in 
init () ), you can chcn gain access co chose paramecers using the oetParameter () 

method. 
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Q&A 

Q In the first part of today's lesson, you say that applets arc 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 aJl the files on that system, or in 
some other way compromises the security of the system? 

A Recall chat Java applecs have several restrictions that make ic difficult for all of the 
more obvious malicious behavior ro rake place. For example, bec.-.m-.c Java applets 
cannor read or wme filo on the diem ~yscem, rhey cannot dclcce file~ or re-.i<l syscem 
files chac mighc concain pnvace mforrnation. Bcc.iusc they cannoc run programs on the 
client's system wichouc your express permission, they cannot, for example, run system 
programs pretending co be you. Nor can they run so many programs that your system 
crashes. 

In addition, Java's very archicecmre makes ic difficulc to circumvent these restrictions. 
The language itself, the Java compiler, a.nd the Java inrcrprccer all have checks to make 
sure that no one has tried co sneak in bogus code or play games with rhc system icsdf. 
You '11 learn more abouc these checks at rhe end of chis book. 

Of course, no syscem can claim co be I 00% secure, and the fact chat Java applets are 
run on your sy~rem should make you suspic1ous-~ee Day 2 1 for more on sccuriry. 

Q Wait a minute. If I can't read or write 6Jes 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 I create, say, a word processor or a spreadsheet as o Java applet? 

A For everyone who doesn't believe chat Java is secure enough, there is someone who 
believes chac Java's securiry rcsrricrions are coo severe for just rhcsc reasons. Yes., J:nra 
applets are limited because of che sccuriry restrictions. But given the possibility for 
abuse, I believe chat it's beccer co err on the side of being more conservacive as far as 
securit} 1s concerned. Consider it a challenge. 

Keep in mind, also, that Java applications have none of che restrictions that Java 
applets do, but because chcy are alc;o compiled co bytteode, chey are porublc across 
plarforms. I c may be that the thing you ,-.":lnc ro create would make a much beccer 
application than an appler. 

Q I have an older versfoo of HotJava. I followed all the examples in this section, 
but HotJava cannot read my applcu (it scenu to ignore them). What' going on? 
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A You mosc likely have an alpha version of Hocjava. Recall chat significant changes were 

made to che Java AP! and how Java applecs arc wrincn between alpha and che 1.0 
release. The results of these changes arc rhac brow crs that support alpha applecs 
cannor read beta applets, and vice versa. The HTML rags are even different, so an 

older browser just slcips over newer applets, and vice versa. 

By the cime you read rhis, there may be a new version of HocJava with support for 
1.0. lf nor, you can use Necscape 2.0 or chc JOK's applet viewer co view applecs 

written co the beta spccificacion. 

Q I 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 communicate with 

each other. You'll learn about chis on Day l2. 

Q I have an applet that takes parameters and an HTML file that passc.1 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 arrribute) match exactly with the names 

you're ccsring for in getParameter ()? They muse be exact. including case, for the 
march to be made. Make sure also char your <PARAII> tags are inside the opening and 

closing <APPLET> cags. and char you haven't misspelled anything. 
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The first thing lever saw Java do was an animation: a large red "Hi there!• thac ran across the 
screen from chc right co left. Even char simple form of animation was enough co make me stop 
and chink, "chis is really cool." 

That sort of simple animacion cakes only a few me1hods co implemenr in Java, buc those few 
methods are rhe basis for any Java applet chat you wane ro update the screen dynamically. 
Sraningwith simple animations is a good way co build up ro more complicated applets. Today, 
you'U learn the fundamentals of animation in Java: how the various pam of the sysrcm all work 
together so that you can create moving figures and dynamically updarcable applets. Specifically, 
you 'll explore rhe following: 

- How Java animations work- the paint () and repaint ( ) methods, starring and 
stopping dynamic applrn, and how to use and override these methods in your own 
applets 

[ 
1 Threads-what they are and how they can make your applets more well-behaved with 

ocher applets and with the Java system in general 

Reducing animation flicker, a common problem with animation in Java 

Throughout today, you 'II also work with lots of aamplcs of real applecs char create animations 
or perform some kind of dynamic movcmenr. 

Creating Aniniation in Java 
Animarion in Java involv~ cwo seeps: consrruccing a frame of animation, and then asking Java 
co paint char frame. Repeat as necessary co crcace the illusion of movement. The basic, static. 
applets thal you created ycsrerday caught you bow to accomplish the first pare; aJI chaL's left is 
how co tell Java ro paint a frame. 

Painting and R e painting 
The pai.nt ( ) method, as you learned yesterday, is called by Java whenever the applet needs to 
be painted-when the applet is initiaUy drawn, when the window containing iris moved, or 
when another window is moved from over ir. You can also, however, ask Java to repaint the 
applet ac a cime you choose. So, co change che appearance of what is on the screen, you construct 
the image or "frame" you wane ro paint, and then ask Java co paint chjs frame. If you do chis 
repeatedly, and fast enough, you get animation inside your Java applet. Thar's aJI chcrc is co ir. 

Where docs all thi~ c.ake place? Nor in che paint ( ) method itself. All paint () does is put dots 
on the screen. punt (), in other words, is responsible only for rhe current frame of the animation. 
The real work of changingwhac paint () does, of modifying rhc frame for an animation. actually 
occurs somewhere else in the defmicion of your applet. 
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f n thar "somewhere else," you construct the frame {setvanables for paint () to use, create Color 
or Font or ocher objecrs char paint () will need), and then caJJ rhe repaint () method. repaint ( ) 

is the mggc:r that causes Java co call paint() and causes your frame roger drawn. 

Technical Note: Bct.11use a Java applet can contain many diffcrcnr componenu 
chat all need ro ~ painced (as you'll learn later on this week), and in face, applets 
arc cmbcddc.d inside a larger J.ava application cha.c also pa.ims co che ~crccn in 
.similar w·Jy~, when you call repaint{> (and therefore paint()) you're not a1.;tually 
imrnedi:udy drawing co che screen as you do in ocher window or graphics coolkics. 
Instead, repaint () is a reqtttst for Java to repaint your appler as soon as it can. Also, 
if roo m:rny repaint () requests are made in a short amount of umc, lhc: sysccm nuy 
only call repaint () once for all of them. Much of the time, the delay between the 
call and the acwaJ rcpainc i~ negligible. 

Starti.J1.g and Stopping 
an Applet's Execution. 

Remember start () and stop() from Day 8? These are the methods chac trigger your applet co 
scare and stop running. You didn't use start() and stop() yesterday, ~cauS(' the applets on that 
day did nothing except paint once. With animations and ocher Java applus rhar are actually 
processing and running over rime, you '11 need to make use of start () and stop () co trigger the 
start of your applcc's ~xecution. and to stop ir from running when you leave the page rhac 
comams char applet. For many applets, you'U want co override start and stop for jUSt mis 
reason. 

The start () method uiggers che execution of the applet. You can either do all chcapplet'swork 
inside that method, or you can cnll other object's methods in order to do so. Usually, start () 
is used co create and begin execution of a thread so the applet can run in its own time. 

stop( l, on the other hand, suspends an applet's execution so when you move off the page on 
which rhe applet is displaying, it doesn' t keep running and using up system rc!.ources. Mosr of 
the time when you create a start() method, you should also creacc a corresponding stop(). 

Putting It Together 
Explaining how ro do Java animation is more of a rask than actually showing you how ic works 
in code. An example or cwo will help make che rdarionship berween all these methods clearer. 

Lisung l 0.1 shows a !>J.Jllple applet char, ar firsc glance, uses ha.sic applet animation to display 
che date and time and constandy updates ic every second, creating a very simple animated digital 
clock (a frame- from that dock is shown in Figure 10.1 ). 175 
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The words "at firsc glance" in chc previous paragraph are very important: chis applet doesn't 
work! How{'Ver, despite the face chat it doesn't work, you can still k-arn a lot about basic 
animauon '-vith tr, so working through the code will .srill be valuable. In the next section, you'll 
learn just what's wrong with it. 

See whether you can figure our what's going on with this code before you go on co the analysis. 

1 : 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 

19: 
11: 
12: 
13: 
14: 
15: 
16: 
17: 
18: 
19: 
21: 
21: 
22: 
23: 

Listing 10.1. The Date applet. 

import java.awt.Graph1cs; 
1.11port 1ava.awt.Font; 
l.lllport 1ava.util.Date; 

} 

public class OigitalClock extends java.applet.Applet { 

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

public void start() { 

} 

while (true) { 
theDate = new Date(); 
repaint (); 
try { Thread.sleep(1000); } 
catch (InterruptedException e) { } 

} 

public void paint (Graph1cs g) { 
g.setFont(theFont); 
g.drawString(theDate.toString(), 10, 50); 

} 

Figure 10.1. 
1'l1e digital ckJck. 

Sun Nov OS 20:43:02 PST 1995 

Think you've gor che basic. idea? Lee's go through it, line by line. 

Lines 7 and 8 define cwo basic instance variables: theFont and theDate, which hold objects 
represcnring the current font and chc current date, respectively. More about these lacer. 
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The start () melhod triggers the actual execution of rhe applel. Note the while loop inside chis 
method; given thuc the test ( true l always returns true, rhe loop never exits. A single animation 
frame is conscrucred inside rhac while loop, with the. following seeps: 

The Date clruis represents a dace and rime (Date is pare of the j ava. util package-note 
chat it was specifically imported in lme three). Line 12 creates a new inscance of the 
Date class, whicb holds the currem Jacc and rime, and assigns it ro che theOate 
instance variable. 

The repaint () method is called 

7 Lines 14 and 15, as complicarcd as they look, do nothing except pause for 1000 

milliseconds (one l!iecond) before the loop repeats. The sleep() method there, part of 
the Thread class, is what causes chc applet ro pause. Wichom a specific sleep() 
method., che appler would run as fuc as il possibly could, which, for most computer 
systems, would be coo fasr for the eye to sec. Using sleep () enables you co control 
exactly how fast the animation cakes place. The try and catch stuff around ir enables 
Java co manage error.!i if they occur. try and catch handle excepcion~ and are described 
on Dar 17, next week. 

On co che paint ( ) method. Herc, inside paint ( ) , all char happens is chat the current fom (in 
the variable theFont} is set, and che dace itself is princcd co che .!ICrccn (note chat you have co caJI 
the toString() method co convert the dare co a string). Because paint () i.!icallcd rcpearedlywirh 
whacever value hap~ns co be in theDate, chc sering is updated every second to reflect the nev.• 
dace. 

There are a few rhings co note :ibout this example. First, you mighc chink ir would be easier co 
create the new Date object inside the paint () method. Thar way you could use a local variable 
and not need an umaace variable co pass chc Date object around. Although doing rhings char 
way creates deancr code, 1t aJso results in a less efficient program. The punt () method is called 
every cime a frame needs co be changed. In chis case, ir's not 1h.u important, but in an animation 
chat needs co change frames very quickly, the paint() method has co pause ro create chac new 
object every time. By leaving paint{} to do what it does best- painting che screen-and 
calculating new objects before hand> you C3n make painting as efficient as possible. This is 
precisely the same reason why che Font object is aJso in an instance variable. 

Threads: What They Are 
and Why You Need Them 

Depending on your experience with operaring systems and with environments within chose 
systems, you may or may noc have run into rheconceprof threads. Let's start from che beginning 
with some definitions. 
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When a program runs, ic srarcs aecucing, runs irs inicializarion code. calls mcchods or 
procedures, and continues running and processing until it's complete or until the program is 
exiccd. That program uses a single ch read- where che thread is a single locus of control for the 
program. 

Mult-ichreading, as in Java, enables several differenr execucion rhreads ro run ac the same time 
in,;idc che same program, in parallel. wichouc interfering with each ocher. 

Herc\ a simple example. Suppose you have a long computation near che start of a program's 
execution. This long compucarion may not be needed until lacer on in the program's 
execution- it's actually cangencial co che main poinr of the program, bur it needs co get done 
evencually. ln a single-threaded program, you have to wait for that compucarion to finish before 
the re..,c of the program can concinue running. In a mukirhrcaded sysrem, you can put chat 
computation into its own thread, enabling chc rest of the program to continue running 
independently. 

Using threads in Java, you can creacean applet so chat it runs in icsown thread, and icwiU happily 
run all by itself without inrerfering with any orhcr part of the system. Using threads, you can 
have lots of applets running at once on chc same page. Depending on how many you have, you 
may eventually tax che system so that all of them will run slower, but all of chem will still run 
independently. 

Even if you don ' r have locs of applecs, using threads in your applets is good Java programming 
pracrice. The general rule of thumb for well-behaved applets: whenever you have any bit of 
procesbing that is likdy co continue for a long rime (such as an animarion loop, or a bit of code 
chat cakes a Jong rime co ex:ecuce), put it in a thread. 

The Problem. with the Digital Clock Applet 
That DigicaJ Clock applet in the last section docsn 't use ch.reads. Instead, you pur rhewhile loop 
chac cycles through the animacion directly in to the start () method so chat when the applet scam 
running it keeps going until you quit the browser or applec viewer. Although this may seem like 
a good way co approach the problem, rhc digital clock won't work because rhe while loop in che 
start () method is monopolizing all rhe resources in the system-including painring. If you try 

compiling and runrung the digital clock applcr, all you gee is a blank screen. You also won't be 
able co stop the applet normaUy, because chere's no way a stop() method can ever be called. 

The solution co chis proble.m is co rewrice che applec co use chreads. Threads enable rhas applcc 
ro animace on ics own wirhour interfering wich ocher system operations, enable ir co be scarted 
and stopped, and enable you to run it in paraUd with other applers. 
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Writing Apple ts with Thre ads 

How do you create an applet char uses ch.reads? There are several thin~ you need to do. 
Forrunacely, none of them are difficult, and a lot of the basics of using chreads in appleu is just 
boilerplate code that you can cop} and pa.see from one applec ro anocher. Because ic's so easy, 
rhere's almost no reason nor co use threads in your applets, given the benefits. 

There are four modifications you need co make co create an applet char uses chrcads: 

Change the signature of your applet class to include the words implements Runnable. 

Include an instance variable co hold this applet's thread. 

Modify your start() method ro do nothing bur spawn a thread and scan it running. 

Create a run() method char contains rhe acruaJ code that scares your appltl running. 

The first change is ro the 6rsr line of your class definition. You've already got someching like this: 

public class MyAppletClass extends Java.applet.Applet { 

} 

You need to change ir co rhe following: 

public class MyApplet~lass extends Java.applet.Applet implements Runnable { 

} 

Whar does rhis do? Ir includes support for che Runnable interface in your applet. If you trunk 
way back co Day 2, you'JJ remember char interfaces are a way co collect method narnes common 
co different classes, which can then be mixed in and implemented inside different classes that 
need ro implemenr chat behavior. Here, che Runnable interface defines the behavior your applcc 
needs ro run a thread; in particular, it gives you a default definition for the run() method. By 
implementing Runnable you cell ochers char they c.an call the Run() method on your instances. 

The second srep is co add an instance variable ro hold this appler's thread. Call ir anything you 
like: it's a variable of che type Thread (Thread is a class in java. lang, so you don c have co import 
ir): 

Thread runner; 

Third, add a start () method or modify thecxiscing one so char it docs nothing but create anew 
thread and scare ic running. Herc·~ a rypical example of a start() method: 

public void start() { 

} 

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

} 
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If you modify start () co do nothing but spawn a thread, where d~ rhe body of your applet 
go? 1r goes inco a new method, run (), which looks like rhis: 

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

} 

rune) can contain anything you wane to run in che separate thread: inicializ.ation code, the acrual 
loop for your applet, or anything else chat needs co run in its own thread. You also can creace 
new objects and call methods from inside run (), and chcy'II aJso run inside char thread. The run 
method is the real heart of your applet. 

Finally, now char you've gor chrea~ running and a start method co start chem, you should add 
a stop() method co suspend execution of charrhread (and chcrefore whatever the appler is doing 
ar che time) when the reader leaves the page. stop (), like start (), is usually something along 
these lines: 

public void stop() { 
if (runner t: null) { 

runner.stop(); 
runner= null; 

} 
} 

The stop() method here does rwo things: ir scops the chread from executing and also secs the 
chrcad's variable runner to null. Sectingthevariableronull mak~ the Thread objectic previously 
contained available for garbage collection so thac rhc applet can be removed from memory after 
acerta.in amouncof time. If the reader comes back co chis page and chis applet, chestart merhod 
creates a new thread and scarr.s up che applet once again. 

And chat's it! Four basic modificacions, and now you have a well-behaved applet that runs in its 
own thread. 

Fixing The Digital Clock 
Remember the problems you had wich rhe Digital Clock applet at the beginning of rhis section? 
Let\ fix I.hem so you can ger an idea of how a real applet with threads looks. You'll follow c:he 
four seeps outlined in rhe previous section. 

Fir:it, modify the dass definition co include the Runnable interface (the cl~ is renamed co 
D1g1-talThreads instead of OigitalClock): 

public class DigitalThreads extends Java.applet.Applet illlplements Runnable { 

} 

~econd, add an instance variable for che Thread: 

Thread runner; 
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For che Lhird seep, swap the way you did ch ings. Because rhe bulk of the applet is currendy in 
a mcchod called start(), but you want it robe in a method called run() , rather than do a lot 
of copying and pasting, jusc rename the existing start() co run(): 

publ1c void run() { 

} 

Finally, add the boilcrplare start() :ind stop() methods: 

public void start(} { 

} 

if (runner == null); { 
runner; new Thread(th1S)i 
runner.start(); 

} 

public void stop() { 

} 

if (runner I= null) { 
runner.stop(); 
runner = null; 

} 

You're finished! One applet converted to use threads in I~ than a minute: Hae. The code for c-he 
final applet appears in Listing I 0.2. 

Lif1ting 10.2. The iixc d digital clock apple t. 
import java.awt.Graphics; 

2: import java.awt.Font; 
3: 1mport java.util.Date; 
4: 
5: public class DigitalThreads extends Java.applet.Applet 
6: implements Runnable { 
7: 
8 : Font theFont: new Font( "TimesRoman•, Font.BOLO, 24); 
9: Date theDate; 

1t: Thread runner; 
11: 
12: public void start() { 
13: if (runner== null}; { 
14: runner= new Thread(this); 
15: runner . start(); 
16: } 
17: } 
18: 
19: public void stop() { 
21: if (runner I= null) { 
21: runner.stop(); 
22: runner : null; 
23: } 
24: } 
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Li~liug 10.2. continue d 

public void run() { 
25 : 
26 : 
27 : 
28 : 
.29 : 
38: 
31: 
32: 
33 : } 
34: 
35: 
36: 
37: 
38: 
39 : } 
41 : 

wru.le (true) { 

} 

theDate = new Date(); 
repaint () ; 
try { Thread.sleep(1000); } 
catch (InterruptedException e) { } 

public void paint(Graphics g) { 
g . setFont(theFont) ; 
g.drawString(theDate.toString(),10,50); 

} 

Reducing Animatio11. Flicker 
If you've been following a.long with chis book and crying the examples as you go, rather than 
reading chis book on an airplane or in tht bachcub, you may have noticed rhat when the dace 
program runs every once in a while, lhcre's an annoying flicker in the animation. (Noc that 
chcre's anything wrong with reading chis book in the bathtub, but you won't see che flicker if 
you do chac, so just trust me-there's a flicker.) This isn't a mistake or an error in the program; 
in fact, that flicker is a side effect of creating animations in Java. Because ir is really annoying, 
however, you' ll learn how co reduce flicker in this part of coday's lesson so that your animations 
run cleaner and look better on the screen. 

Flicker and How to Avoid It 
Flicker is caused by che way Java painrs and repaints each frame of an applet. Ac the beginning 
of today's lesson, you learned chat when you call che repunt () method, repaint ( l calls paint (). 

T har's nor precisely true. A call to paint() does indeed occur in response co a repaint (), but 
what actually happens are the following steps: 

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

2. The update ( l method clears the o;c:recn of any existing contents (in essence, fills ir with 
che current background color), and chen calls paint (). 

3. The paint () method then draws the contents of the currenc frame. 

Ir's Seep 2, che call co update ( ), that causes animation flicker. Bccaust.: the screen 1s cleared 

bctwt.'Cn frames, the paru of the screen that don't change al re mare rapidly between being pa.meed 
and being cleared. Hence, flickering. 
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There are two major ways co avoid flicker in your Java applets: 

Override update () eicher not to dear rhc screen at all, or to clear only che parts of the 
screen you've changed. 

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

If rhc second way sounds complicated, thar's because it is. Double-buffering involves drawing 
co an offscreen graphics surface and chcn copying char enrire surface to the screen. Because it's 
more complicated, you'IJ explore rhac one romorrow. Today, lee's cover the easier solution: 
overriding update (). 

How to Override Update 
The cause of flickering lies in che update () method. To reduce flickering, therefore, override 
update (). Herc's whar rhe default version of update () does (in the Component class, which you 'U 
learn more about on Day 13): 

public void update(Graph1cs g) { 

} 

g.setColor(get8ackground()); 
g.fil1Rect(0, 0, width, height); 
g.setColor(getForeground()); 
paint(g); 

Basically, update ( J clears chc screen (or, co be exact, fills the applec's bounding recrangle with 
the backgrounJ color), secs d1ings back co normal, and rhen calls paint (). When you override 
update(), you have co keep these cwo rhings in mind and make sure tharyourversion of update() 

does something similar. In rhe nexl rwo seccions, 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 co reducing Ricker is not ro clear the screen at all. This works only for some 
applecs, of course. l lere's an example of an applet of chis type. The ColorSwirl applec prints a 
singJe ~cring co rhe screen ("All the swirly colors•). but that string is presented in differeot 
colors chac fude inro each ocher dynamically. This applet flickers terribly when ic's run. Listing 
10.3 shows the source for rhis applet, and Figure 10.2 shows rhc result. 

LiHling 10 .3 . The ColorSwirl a pplet. 
1: import java.awt.Graphics; 
2: import java.awt.Color; 
3: import java.awt.Font; 
4 : 
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Listing 10.3. continue d 

5: public class ColorSwirl extends java.applet.Applet 
6: implements Runnable { 
7: 
e: Font f - new Font('TimesRoman",Font.BOLD,48); 
9: Color colors[): new Color[50]i 

11: 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() { 
28: it (runThread !; null) { 
21: runThread.stop()i 
22: runThread; null; 
23: } 
24: } 
25: 
26: public void run() { 
27: 
28: // initialize the color array 
29: float c • 0; 
31: for (inti: e; i < colors.length; 1++) { 
31: colors[i) = 
32: Color .getHSBColor(c, (float)1.0, (float)1.0); 
33: C +,. .02; 
34: } 
35: 
36: // cycle through the colors 
37: inti 0; 
38: while (true) { 
39: setForeground(colors[illi 
49: repaint(); 
41: i++; 
42: try { Thread.sleep(50); } 
43: catch (InterruptedExcept1on e) { } 
4-4 : 1f (i == colors.length ) 1 = 0; 
45: } 
46: 
47: 
48: 
49: 
St: 
51: 
52: } 

} 

public void paint(Graphics g) { 
g.setFont(f); 
g.drawStr1ng( "All the Swirly Colors• , 15, 50); 

} 
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figure 10.2. 
The Colo,S,mr/ 11pple1. 

There are chree new things co note about this applcr chat mighr look strange: co you: 

When the appler srarcs, che first thing you do (in lines 28 through 34) is co create an 
array of Color objeccs char contains all the colors the text wilJ display. By creating all 
che colors beforehand, you can then jusc draw text in that color, one ar a rime; ir's 
easier to precompute all the colors at once. 

To crc:1ce the different colors, a method in the Color class called getHSBColor () creates 
a color objccr based on values for hue, saruration1 and brightness, rather than the 
standard rc:d, green, and blue. By incrementing the hue value and keeping saruracion 
nnd brightness consrant you can create a range of colors without having co know rhe 
RGB for each one. If you don't understand this, don't worry about it; it's just an easy 
way ro c.reacc rhe color array. 

The applet then cycles through the array of colors, setting the foreground co each one 
in turn and calling repaint. When ic gees co the end of the array, ir scares over again 
(line 44), so the process repeats over and over ad infinitum. 

Now chac you understand what the applet does, let's fix the flicker. Flicker here resulcs because 
each time che applcr is painted, there's a moment where the screen is cleared. Instead of che texl 

cycling neatly from red co a nice pink ro purple, it's going from reel co grey, to pink co grey, to 
purple ro grey, and so on-not very nice looking at all. 

Became the screen clearing ~ aJI chat's causing the problem. the solution is easy: override 
update() and remove the parrwhere the screen gees cleared. le docsn'c 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 punt(). Here's what the 
update() method looks like in this applec 

public vo1d update(Graphics g) { 
punt(g); 

} 

With rhar- wich one small three•line addition-no more flicker. Wasn,r thac easy? 
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Solution Two: Redraw 
Only Wl1at You Have To 

For some applets, ir won't be quire chac easy. Here's another example. f n chis applec, called 
Checkers, a red oval (a ,hecker piece) moves &om a black square co a wh1te square, as if on a 
checkerboard. Liscing l 0.4 shows the code for chis applec, and Figure I 0.3 shows the applet 
icself. 

Li!i!ting 10.4. The Checker applet. 
1: import java.awt.Graphics; 
2: import java.awt.Color; 
3: 
4: public class Checkers extends java.applet.Applet 
6: implements Runnable { 
6: 
7: Thread runner; 
8: int xpos; 
9: 

18: public void start() { 
11 : if (runner=• null); { 
12: runner= new Thread (this); 
13: runner.start(); 
14: } 
15: } 
16: 
17: public void stop() { 
18: 1f (runner I= null) { 
19: runner.stop ( ); 
2t: runner= null; 
21: } 
22: } 
23: 
24: public vo1d run() { 
25: setBackground(Color.blue); 
26: while (true) { 
27: tor (xpos • 5; xpos <= 105; xpos+=4) { 
28: repaint(); 
29: try { Thread.sleep(100); } 
38: catch (InterruptedException e) {} 
31: } 
32: for (xpos = 105; xpos > 5; xpos •=4) { 
33: repaint(); 
34: try { Thread.sleep(100); } 
35: catch ( InterruptedException e ) { } 
36: } 
37: } 
38 : } 
39: 
41 : public void paint(Graphics g) { 
41: // Draw background 
42: g .setColor(Color.black) ; 

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

IPR2022-00518 Page 00084



--------■~, 
43: 
44: 
45: 
46! 
47: 
48 : 
49 : 
58: } 

g.fil1Rect(0, 0, 100,100); 
g.setColor{Color.white); 
g.fil1Rect(101, 0 1 100, 100); 

// Draw checker 
g.setColor(Color.red); 
g.fillOval(xpos, 5, 90, 90); 

51 : } 

Figure 10.3. 
The Checkers appkt. 

Here's a quick run-through of what this applet does: an instance variable, xpos, keeps track 
of tht current scarring posirion of rhe checker (bec"3use it moves horizoncally, the y scays 
constanr and the x changes). In chc run () merhod, you change the value of x and repaint, 

waiting 100 mill iseconds between each move. The checker moves from one side of the screen 
co rhc orher and then moves back (hence the two for loops in char method). 

In the accual paint () method, che background squares are painccd (one black :ind one white), 
and then rhe checker is drawn ac its current position. 

This applet, like the Swirling Colors applec, also h:is a terrible flicker. (In line 25, the background 
is blue to emphasize ir, so if you run chis applet you'll definitely sec che Ricker.) 

However, che solucion co solving che flicker problem for chis applet is more difficulr cha.n for the 
last one, because you acruallywam co clear che screen before the next frame is drawn. Otherwise, 
the red checker won't have che appearance ofleaving one position and moving co another, ic'll 
just leave a red smear from one- side of che checkerboard co che ocher. 

How do you get around chis? You still clear che screen, in order c:o gee che animation dFecc, buc, 
rather than clearing che entire screen, you clear only chc part char you acruaJly changed. By 
limiting che redraw ro only a small area, you can elimioare much of che flicker you ger from 
redrawing the entire screen. 
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To limit what gees redrawn, you need a couple of rhing.,. First, you need a way co resmcc the 
drawing area so char each rime paint () is called, only che pan chat needs co gee redrawn actually 
gees redrawn. Forrunacely, chis is easy by using a mechanism called dipping. 

NE\V.- Clippmg, pare of che graphics class, enables you co resrricr the drawing area co a small 
TERM portion of che full screen; although che enrire screen may gee inscrucrions co redraw, only 

che porrioru inside the clipping area are actually drawn. 

The second thing you need is a way co keep track of the actual area co redraw. Boch the lefr and 
right edges of che drawing area change for each frame of rhe ammarion (one ~ide co draw the new 
oval, the other ro erase the bit of the oval left over from che previous frame), so to keep track of 
chose two x values, you need inscance variables for both chc left side and the right. 

With chose two concepts in mind, lee's scare modifying the Checkers applet co redraw onlywhar 
m.-eds co be redrawn. First, you'll add instance variables for the left and right edges of the drawing 
area. Lee's caJ1 chose instance variables ux1 and ux2 (u for update), where ux1 is chc left side of 
the area co draw and ux2 che right. 

int uxi,ux2; 

Now lee's modify the run () method so chat it keeps rrack of the actual area ro be drawn, which 
you wouJd think is easy-just update each side for each iteration of the animation. Here, 
however, things can get complicared because of the way Java uses paint () and repaint{). 

The problem with updating the edges of the drawing area with each frame of the animarion is 
char for every all to repaint() there may not bean individual corresponding paint(). If system 
re.sourco get right (because of ocher programs running on the sysrcm or for any ocher reason), 
paint () may not gee executed immediately and several calls to punt ( ) may 9ueue up waiting 
for their turn ro change the pixels oa the screen. In chis case, rather than crying co make all those 
calls to paint () in order (and be potential() behind all rhe time). Java catches up b) executing 
only the most rtcmt call co paint() and skips all che ochers. 

If you update the edges of the drawing area with each repaint(), and a couple of calls co paint () 

are skipped, you end up with bics of the drawing surface not being updated and bics of the oval 
left behind. There's a simple way around chis: update the leadmg edge of the oval each time the 
frame updates, buc only updare rhe trailing edge if che most recent painc has aetually occurred. 
This way, if a couple of calls co paint () get skipped, the drawing area will get larger for each 
frame, and when pa1nt () finally gees caught up, everything will gee repa.inced correctly. 

Yes, this is horrifyingly complex. 1ft could have written this applet simpler, I would have, bur 
wirhour chis mechanism the applet will nor gee repainted correctly. Lee's seep through it slowly 
in the code so you can get a better grasp of what's going on at each Slep. 

Let's start with run (), where each frame of cheanimacion cak~ place. Here'swhereyoucakulace 
each side of the drawing area based on the old posicion of the oval and the new position of the 
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oval. When the oval is moving toward the lefr side of the screen, this is easy. The value of ux1 

(rhe ldt side of the drawing area) is the previous oval's x posirion (xpos). and the value of ux2 

h the x position of the currenr oval plus rhe width of that oval (90 pixels in chis ~ample). 

Herc•~ whar the old run() merhod looked like, to refresh your memory: 

public void run() { 
setBackground(Color.blue); 
while (true) { 

for (xpos • 5; xpos <= 105i xpos += 4) { 
repaint(); 
try { Thread.sleep(100); } 
catch (lnterruptedExcept10n e) {} 

} 
tor (xpos = 105; xpos > 5; xpos •= 4) { 

repaint(); 
try { Thread.sleep(100); } 
catch (InterruptedException e) { } 

} 
} 

} 

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

ux2 11 xpos + 90; 

Then, after the repaint () has occurred, you update ux1 co reAect the old x position of che oval. 
However, you wane ro update this value only if the paim actually happened. How can you cell 
if the painr acrually happened? You can rcscc ux1 in paint() to a given value (0), and chen test 
co see whether you can updare that value or whether you have co wait for rhe paint () ro occur: 

if (ux1 == 0) ux1 = xpos; 

Here's che new, completed for loop for when che 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 == 0) ux1 = xpos; 

When the oval is moving co che left, everything flips. u>e1, the left side, is rhe JeadJng edge of the 
oval chac gets updated every time, and ux2, lhe right ~ide, has co wait co make sure it gct!i updated. 
So, in rhe second for loop, you fast update ux 1 co be the x posicion of the current oval: 

ux1 = xpos; 

Then, after the repaint () is called, you resr to make sure the painc happened and updace ux2: 

if (ux2 == 0) ux2 = xpos + 90; 
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Here's the new version of the second for loop inside run(): 

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

} 

ux1 • xpos; 
repaint(); 
try { Thread.sleep(100)i } 
catch (InterruptedException e) { } 
if (ux2 == 0) ux2 = xpos + 90; 

Those are che only modifications run() needs. Lee's override update() co limit chc region char 
is being pain red ro the left and right edges of che drawing area rhar you set inside run (). To clip 
the drawing area to a specific rectangle, use theclipRect () mechod. clipRect (), lik.edrawRect (), 
fillAect( ), and clearRect{), is defined for graphics objects and takes four arguments: x and 
y starting posicions, 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; chen 
use ux2 co gee the width of the region by subcracting ux1 from chat value. Finally, to finish 
update (), you caJI paint (): 

public void update(Graphics g) { 
g.clipRect(ux1, 5, ux2 - ux1, 95); 
paint (g); 

} 

Note that with chedipping region in place, youdon'c have to do anything co rhe acrual paint() 
method. punt c) goes ahead and draws co the encire screen each rime. bur only che areas inside 
che clipping region actually gee changed on screen. 

You need to updace the trailing edge of each drawing area in:.idc paint () an case several calls co 
paint () were skipped. Because you are resting for a value of 0 inside run (), you merely resec ux1 

and ux2 to 0 after drawing everything: 

uxi - ux2 .. 0; 

Those are the only changes you have to make ro chis appler in order to draw only the pares of 
chc :1pplcl chat changed (and co manage rhe case where some frames don't gee updated 
immediately). Alchough chis doesn't cocallyeliminate flickering in the animation, it does reduce 
it a great deal. Try ir and see. Listing 10.5 shows the final code for the Checkers appler. 

Listing 10.5. The final Checker applet. 

1: import 1ava.awt.Graphicsj 
2: import 1ava.awt.Color; 
3: 
4 : public class Checkers2 extends java.applet.Applet Lmplements Runnable { 
5: 
6: Thread runner; 
7: int xpos; 
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8 : 
9: 

HI: 
11 : 
12 : 
13: 
14 : 
15 : 
16 : 
17: 
18: 
19: 
28: 
21: 
22: 
23: 
24: 
25: 
26: 
27: 
28 : 
29: 
39: 
31: 
32: 
33 : 
34: 
35: 
36: 
37: 
38: 
39: 
4t: 
41: 
42 : 
43 : 
44: 
45: 
46: 
47 : 
48: 
49: 
58: 
51: 
52 : 
53: 
54: 
55: 
56: 
57: 
58: 
59: 
61: 
61: 
62: } 

1nt ux1,ux2; 

publ.lC VOld start() { 

} 

1f (runner~ null); { 

} 

runner - new Thread(th1s); 
runner. start(); 

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

runner.stop(); 
runner • null i 

} 

public void run() { 
setBackground(Color.blue)i 
while (true ) { 

} 
} 

for (xpos s Si xpos <= 105; xpos += 4) { 
ux2,. xpos + 90 ; 

} 

repaint(); 
try { Thread.sleep(100); } 
catch (InterruptedException e) { } 
1f (ux1 == 0) uxl = xpos; 

for (xpos = 105; xpos > 5 ; xpos •- 4) { 
uxt ,. xpos; 
repa1nt()i 
try { Thread.sleep(100); } 
catch (InterruptedExcepti on e) {} 
1f (ux2 •• 0 ) ux2 = xpos + 90; 

public void update(Graphics g) { 
g.clipRect(uxl, 5, ux2 • uxl, 95 ); 
paint(Q)i 

} 

public void pa1nt(Graphics g) { 
// Draw background 
g.setColor(Color. black); 
g.fil1Rect(0, 0 , 1001 100); 
g.setColor(Color.whit e); 
g.fil1Rect( 101 , 0, 100 , 100)i 

} 

// Draw checker 
g.setColor(Color.red); 
g.f1llOval{xpos, 5, 90, 90 ); 

// reset the drawing area 
ux1 = ux2 • 0; 
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Su.nnnary 
Congrarulations on getting through Day l O! This day was a bir rough; you've learned a lot, and 
ic aJI rnighr seem overwhdming. You learned abour a plerhora of method~ to use and override: 
start(), stop(), paint(), repaint (),run(), and update()-and you goc a solid foundarion in 
crearing and using thrtads. 

After today, you' re over rhe worse hurdles in terms of understanding applets. Other than 
handling bitmap images, which you'll learn abour romorrow, you now have the basic 
background co crearc just about any animation you wane 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 A \Vf toolkit enables you co nest drawable surfaces wichin ocher drawable 
surf.aces. 'When a p&1.nt () takes place, aU the parts of the system are redrawn, starting 
from the outermost 5urface and moving downward into rhe most nested one. Because 
the drawing of your applet cakes place at the same cime evcryching else is drawn, your 
applec doesn't gee any special rrearmem. You.r applet , .. ill be painced when everything 
else is painted. Although with dus system you sacrifice some of rhc immediacy of 
inscanr painting, it enables your applet co co-exist with the rest of the system more 
cleanly. 

Q kc Java threads like threads on other systems? 

A Java ch reads have been influenced by other thread systems, and if you're used co 
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 nexr week on Day 18. 

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

A Jr jusr stop~. When you pm your applet imo a chread, Java can control the execution 
of your applet much more readily. By causing the chrc.-a<l co stop, your applet just 
stops running. and then resumes when the thread ~cans up again. Yes, it's all auco­
maric. Near, isa'c it? 
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Q The Swirling Colors applet seems to display only five or six colors. What' gomg 
on here? 

A This 1s the same problem chat you ran inco yescerday wherein, on some syscems, there 
might nor be enough color~ co be able co display alJ of chem reliably. If you' re running 
inro chis problem, other than upgrading your hardware, you mighc uy quming ocher 
applications running on your system that use color. Ocher browsers or color cools in 
parcicuJar mighc be hogging colors chat Java wanes co be able ro use. 

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

A And, unforrunarely, it will conrinuc co do so. Reducing che size of rhe drawing area by 
using clipping does significantly reduce chc flickering, but ic doesn' t stop ir entirely. 
For many applets, using either of the methods described today may be enough to 
reduce an1mauon flicker co rhe point where your applet looks good. To ger totally 
flicker-free animation, you'll need co use a technique called double-buffering, which 
you'll learn about tomorrow. 
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Animarion~ are fun and easy ro do in Java, but there's only so much you can do with the built­
in Java mechods for lines and foncs and colo~. For really inceresring animarions. you have ro 
provide your own images for each frame of rhe animation-and having sounds is nice. as well. 
Today, you'll do more wich animations, incorporating images and sounds into Java applets. 

Specifically, you'll explore the following ropics: 

Using images-gening chem from the server, loading chem into Java, and displaying 
them in your applet 

Creating animations by using images, including an extensive example 

Using sounds-getting them and playing them at 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.awc provides abstract methods to 
represent common image behavior, and special methods defined in Applet and Graphics give 
you everyrhingyou need to load and display images in yourapplec as easily as drawing a rectangle. 
In chi.) secrion, you1ll learn about how co get and draw images in your Java applets. 

Getting Images 
To display an image in your applet, you fim must load chat image over the net into your Java 
program. Images arc stored as separate files from your Java class files, so you have to tell Java 
where co find chem. 

The Applet class provides a method called getlmage, which loads an image and automatically 
creates an instance of the Image clas~ for you. To use it, all you have co do is import the 
lava. awt. Image class, and chen give getimage the URL of the image you want co load. There are 
cwo ways of doing the latter step: 

The getimage () method wich a single argument (an object of type URL) retrieves the 
image ac chat URL. 

The getimage() method with rwo arguments: the base URL (also a URL object) and a 
string representing the path or filename of rhe accuaJ image (relative to the base). 

Although the first way may seem easier (jusc plug in the URL as a URL object). the second is more 
flexible. Remember, because you'recompilingJava files, if you include a hard-coded URL of an 
image and then move your files around to a differear location, you have co recompile aJl your 

Java files. 
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The latter form, thcrdore, is usually rhe one rouse. The Applet class also provides two methods 
char will help with the base URL argument ro getimage(): 

The getDocumentBase () method r<..rurns a URL objecc represenring rhe directory of che 
HTMi file ch:u conrains this applec. ~o. for example, if the HT\.il file is located at 
http: //WNY. .myserver .com/html files, 1avahtml/, getDocumentBase returns a URL 
poiming co thac path. 

The getCodeBase() mechod returns a string rcpresencing che directory in which chill 
applet is conuined-which may or may noc be the same direcmry as rhe HTML file, 
depending on whether the CODEBASE attribute m <APPLET> is set or not. 

Whether you use getDocumentBase() or getCodebase() depends on whether your images are 
relath e co your H f\1 l files or relarive to your Java class files. Use whichever one applies better 
to your sicuarion. Note that either of these mcrho<ls is more flexible than hard-coding a URL 
or pa ch name inco the get1111age () method: using either getoocumentBase () or getCodeBase () 

enables you to mO\'l' your HTtviL files and applets around and Java can still find your images. 

Here arc a few examples of getlmage, to give you an idea of how to use ic. This first call co 
getimage () retrieve~ the file at rhacspccific URL ("http://www. server. com/f 1les/image. g1 f •). 

If any part of chat URL changes, you have to recompile your Java applet to cake the new path 
into account: 

Image 1mg = getlmage( 
new URL("http://www.server.com/f1les/1~age.g1f")); 

In rhc following form of get Image, the 1mage.giffile is in the same clircctoryas the HTML file., 
that refer co this applet: 

Image 1mg = getimage(getOocumentBase(), "image.gif") 

In chis similar form. chc file image.gif is in the same directory as the applet itself: 

Image img = getimage(getCodeBase(), •1mage.gif") 

If you have locs of image files, ic's common co put chem into their own rnbdirecrory. This form 
of get Image() looks for the file image.g1fin the directory imago, whkh, in cum, is in the same 
<lirecrory as the Java applet: 

Image img • getlmage(getCodeBase(), "images/image.gif ) 

If getlmage() can't find the file indicated, ir rerums null. drawlmage() on a null image will 
simply draw nothing. Using a null image in other ways will probably cause an error. 

, Note: Currcmly, Java suppor~ images in the GIF and JPEG formatS. Ocher image 
formatS may be available Jacer, however, for now, your images should be in either 
GIF or JPEG. 
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W Mor,. Animation, lmag., , and Sound 

Drawing Im.ages 
All char sruff with getimage() does nothing except go off and rerricve an image and scuff it into 
an instance of the Image class. Now that you have an image, you have to do something with ic. 

The most likely thing you 're going ro wane co do is display it as you would a rectangle or a ccxr 
string. The Graph1.cs class provides rwo methods to do just this, all called drawimage (). 

The ftrst veniion ofdrawrmage () takes four argumencs: che image co display, che x and y pruitions 
of che cop left corner, and this: 

public void paint() { 
g .drawimage(img, 10, 10, this); 

} 

Thls firsc form docs whar you would expect ir co: ic draws the image in its original dimensions 
with che cop left comer ac the given x and y positions. Listing 11. l shows the code for a very 
simple applet chat loads in an image called ladybug.gif and displays ic. Figure 11.1 shows rhe 
obvious resuk 

Lis tir1g l l.l.. The Ladyhug apple t. 
1: impor t java.awt.Graphics; 
2: import java.awt.Image; 
3 : 
4: public class LadyBug extends java.applet.Applet { 
5: 
6: Image bugimg; 
7 : 
B: public void init() { 
9: bugimg = get lmage(getCodeBase(), 

1e: ·1mages/ladybug.g1f•li 
11: } 
12: 
13: public void paint(Graphics g) { 
14: g.drawiaage(bugimg, 10, 10,thiS)i 
15: } 
16: } 

In chis example we have an instance variable bugimg co hold chc ladybug image, which is 
loaded in the int () mechod. The paint () method chen draws thac image on chc screen. 

T he second form of drawrmage rak~ six argumen ts: the image co draw, che x and y coordinaces, 
a width and height of che image bounding box, and this. If the width and heighc arguments for 
the bounding box are smaller or larger than che aaual image. the image is auromacically scaled 
co fie. Using chose excra arguments enables you co squeeze and expand images inco whatever 
space you need chem co fie in (keep in mind, however, char there may be some image degradation 
from scaling ir smaller or larger cban its intended size). 

One helpful hinc for scaling images is co find out che size of chc acrual image chat you've loaded, 
198 so you can chen scale ic to a specific percentage and avoid distortion in either direction. Two 
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~----------cl1mn~1 
mcchods defined for the Image class enable you do rhis: getWidth () and getHeight (). Boch cake 
a single argument, an inscance of ImageObserver, which is used ro track the: loading of chc image 
(more abouc this lacer). Mose of the nme. you can use jusc this as an argument co either 
getWidth () or get Height (). 

Figure l 1.1. 
The Ladybug image. 

If you srored the ladybug image in a variable called bugimg, for example, chis line recurns the 
width of char image, in pixels: 

theWidth = bugimg.getWidth(this); 

Listing I I .2 shows another use of che ladybug image, this time scaled several rimes co different 
sizes (Figure 11.2 shows the result). 

Listing 11. 2. More Ladybugs, scaled . 
1 : import java.awt.Graphics; 
2: import Java.awt.Image; 
3: 
4 : 
5: 
6: 
7: 
8: 
9 : 

18: 
11 : 
12: 
13: 
14 : 
15: 
16: 
17: 
18: 

public class Lady8ug2 extends Java.applet.Applet { 

Image bug1mg; 

public void init() { 

} 

bug1mg = getimage(getCodeBase(), 
"images /ladybug.gif"l; 

public vo1d paint(Graphics g) { 
int iwidth = bugia,g.getWidth(this); 
int iheight: bugimg.getHe1ght(thiS)j 
int xpos = 10; 

// 25 % 
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Listing 11. 2. continued 

19: 
21: 
21: 
22: 
23: 
24: 
25: 
26 : 
27: 
28: 
29: 
31: 
31: 
32: 
33: 
34: } 
35: } 

g.drawimage(bugimg, xpos, 10, 
iwidth / 4, 1he1ght I 4, this); 

// 50 % 
xpos +: (iwidth / 4) + 10; 
g. drawlmage(bug1mg, xpos 1 10, 

iwidth / 2, iheight I 2, this); 

// 1001\ 
xpos += (iwidth / 2) + 10; 
g.drawimage(bugimg, xpos, 10, this); 

I I 1 50\ x • 25'4 y 
g.drawI■age(bugimg . te, 1he1ght + 30, 

(int)(iwidth • 1.5), !height/ 4, this); 

Figure 11.2. 
11,e second Ladybug applet. 

1 've been sreadfascly ignoring mentioning chac last argument to drawimage (): rhe mysteri­
ous this, which also appe-a~ as an argumenr to getWidth () and getHe1ght ( ) . \Vhy is chis 
argumem used? l cs official use is co pass in an object chat funccions as an lmageObsaver 

(rhac is, an object char implements chc ImagcObserver incerface). image observers enable you 
co watch the progress of how far along an image is in the loading process and co make decisions 
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when the image is only fully or parrially loaded. The Applet class, which your applet inheritS 
from, contains default behavior for watching for images that should work in the majoriry of 
cases-hence, the this argument ro drawimage(), getW1.dth(), and getHeight(). The only 
reason you'll wane rouse an alternate argument: in its place is if you are cracking lots ofimages 
loading asynchronously. See che java. awt. image. ImageObserver class for more derails. 

Modifying Images 
In addition lO the basics of handling images described in rhis cccion. the j ava. awt. i.aage 

package provides more classes and interfaces chac enable you to modify images and their internal 
colors, or co creace bitmap images by hand. Mose of these classes require background knowledge 
in image processing, inclurung a good grasp of color models and bitwise operations. All these 
things are outside the scope of an introducto') book on Java, bur if you have chis background 
(or you're interested in trying ic ouc), the classes in java.awt.imagc will be helpful co you. Take 
a look at the example code for creating and using images char comes with the Java development 
kir for examples of how co 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 chc same methods, che same procedures for painting, repainting, and 
reducing flicker thac you learned abouc yesterday. The only difference is that you have a stack 
of images co flip through rather rhan a set of pain cing methods. 

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

An Example: Neko 
Neko was a small l\.-facincosh animation/game wrircen and drawn by KcnJi Gocoh in 1989. 
"Ncko" is Japanese for "cac." and cheanjmation is of asmalJ kitten rharchases the mouse pointer 
around the screen, s:leeps, scratches. and generally aces cure. TI1e Neko program has since been 
ported to jusc about every possible platform, as well as rewritten as a popular screensa, er. 

For chis example, you'll implemem a small animation based on the original Neko graphics. 
Unlike the original Neko the cat, which was autonomous (ic could "sense" the edges of the 
window and rum and run in a different direct.ion), lhis applet merely causes Ncko to run in from 
the left side of the screen, stop in che middle. yawn, scracch ics ear, sleep a licde, and rhen run 
off to the right. 
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Note: This .is by f.ir me largesc of the appler.s discussed in th.is book, ,md if I either 
print it here and then describe it. or build ir up line by line, you'll be here for da.ys. 
I nm:ad, I'm going to describe rhe p.irn of this appler independently, and I'm going 
to leave ouc the basics-the sruff you learned yesterday about scarring and sropping 
threads, what the run () method does, and ~o on. All the code i prinre<l larer tod.y 
so that you cm put it all togtthcr. 

Before you begin writing Java code co conscrucc an animation, you should have all rhc images 
thac form che animation itself. For chis version ofNeko there are nine of them (rhe original has 
36), a\ ~hown in Figure l l.3. 

Figure 11.3. 
The imagn farNeko. 

I've scored these images in aclirectorycaJled,appropriately. images. Whereyousroreyour images 
isn'c all che important, buc youshouJd cake note of where you've put chem because you'll need 
char information. 

Now, onto the applet. The basic idea of animation by using images is thac you have a sec of 
images, and you display chem one at a cimc, rapidly, so cht:y give the appearance of movement. 
The easiest way co manage this in Java is to score che images in an array of class Image, and then 
co have a special variable chat scorc:s a reference to the currcnr image. 

Tecbrucal Note: The Java. util class contains a cla.,;s (Hash Table) that implemencs 
a hash cable. For large numbers of images, a hash cable is faster co find and retrieve 
imag~ from than an array is. Bccause there's small number of images here. and 
because arrays are bencr for fixed-length, repeating aninations, I'll use an array 
here. 

For chc Neko applet, you'll include instance variables co implement both these things: an array 
co hold the images called nekopics, and a variable of rypc Image co hold chc c.urrenr image: 

Image nekopics[J • new Image[9J; 
Image current1mg; 

Because you'U need co pass the posicion of the currenc image around between the mcrhods in 
this applet, you'll also need co keep track of che current x and y positions. fhe y stays constant 
for chis particular applet, but the x may vary. lee's a<ld C\\.'O instance variables for those rwo 
posiuons: 
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1.nt xpos; 
int ypos = 50; 

Now, onro c:hc body ofLhe appler. During rheapplcr's inirializarion, you'U read in all the images 
and store them in the nekop1cs array. This is the sore of operation rhar works especially well in 
an in 1. t ( ) mi:chod. 

Given char you have nine images wich nine dtfferenr filenames, you could do a separate call to 
get Image for each one. You can save at lea~t a li«le ryping, however, by creating an array of the 
fiJc names (nekosrc, an array of scrings) and chen ju'lr using a for loop co icerare over each one. 
Here's che ini t ( ) method for the Neko applec char loads aJI the images in ro the nekopics array: 

public void init() { 

} 

String nekosrc[) s { •right1.g1f" 1 •r1ght2.gif", 
"stop.g1f·, •yawn.g1.f" 1 ·scratch1.gif•, 
"scratch2.gif 0

1 "sleepi.gif" 1 "sleep2.gif", 
•awake.git• }; 

for (int 1=0; 1 < nekop1cs.length; i++) { 
nekop1cs(1.J = getimage(getCodeBas&(), 

·1.mages/ 0 + nekosrc(i)); 
} 

Nore here in the call ro getlmage ( l that che direcrory these images are scored in is included as 
pare of the parh. 

Wirh che images loaded, rhe next seep is co scan animating the bits of the applec. You do this 
inside che appler's thread's run() method. In this applet, Ncko does five main rhings: 

Runs in from the le~ side of the screen 

Scops in chc middle and yawns 

Scratches four times 

Sleeps 

[ I Wakes up and runs off ro the right side of the screen 

Because you could animate chis applet by merely painting rhe right image co the screen ac the 
right cime, ic makes more sense co write chis applet so chat many of Neko's activities are 
contained in individuaJ methods. This way, you can reuse some of che activities (the animation 
of Neko running, in particular) if you wam Ncko co do things in a different order. 

Lee's scare by creating a mechod to make Ncko run. Because you're going to be using chis one 
twice, making ic generic is a good plan. Let's create the nekorun() method, which cakes two 
arguments: the x position to scare, and rhc x posicion co end. Neko then runs between chose rwo 
positions (the y remains constant). 

There are two images chat represent Neko running; so, co create the running cffecc, you need 
to alternate berween chose C\VO images (stored m posicions O and l of the image array), as well 
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