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Preface

Thefirgt edition of Just Javawas one of the earliest books to accompany the origind release of Javain 1996. The
launch of Java coincided with the explosion of interest in the web and the net which, in turn, drove technology forward
at afrantic pace. Peopletalked about "Internet time," which meant threethingsto mein Silicon Valley: therewas
immense pressure to rapidly create new hardware and software products; everyone wrote software to display stock
prices on their desktops and cell phones, you were forgiven for not showering if you fell adeep at your desk after
midnight and woke up there the next morning. Times have changed, but software productivity remains abig reason
behind Javas popularity.

Over thelast eight years Java has had Six mgor rel eases, averaging one about every 18 months. With each of these
releases, there has been anew edition of Just Javato describe and explain the technology. Table 1 shows how the
language and libraries have improved.

Table 1. Javachangesfrom JDK 1.0.2to Java2vl.4

Release Date Content See Just Java 6th ed.

JDK 1.0.2 Jan 1996 Firs generd releaseof the  Throughout the book
language and libraries

JDK 1.1 Feb 1997 Language changes:
Inganceinitidizers Chapter 5
Array initidizers Chapter 9
Nested classes Chapter 12
Library changes.
Deegation based Chapter 20
event-handlers

I/O Readers and Writers Chapter 17

Object seridization Chapter 18
JDK 1.2 (rebadged to Java Dec 1998 Language changes.
2)

drictfp Chapter 7

Weak references Chapter 10
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Chapter 1. What Can Java Do for Me?

What Java Doesfor You

Why Portability Matters

Languageand Libraries

One Size Doesn't Fit All

Some Light Relief—A Java Desktop Application

Javahas become avery popular programming language for the kind of modern software people want to write. Java
began as aresearch project ingde Sun Microsystems. The results were posted on the web, and Javatook off like a
Titan rocket. Sun wisdly decided to nurture the market by sharing, and licensed the technology across the computer
industry. Today, Java compilers and source code are available for free download from many different organizations.
Just about the entire computer industry is backing Java enthusiagtically with products and support. In this chapter well
look at the reasons behind Java's popularity, and summarize the key features of the language.

Javaworks well for web and server-based applications. It has great features like object-oriented programming, essy
database access, and well-designed GUI support. The latest release, Java 2 version 1.5, has performance tweaks to
speed up desktop programs. There are libraries for communicating across networks, and for encryption. It has strong
security built in. Mogt programmers pick up Javaquickly. Behind al this, Javais morethan just the latest, most popular
programming language. It isaway of creating applicationsthat are independent of dl hardware and dl operating
sysems.



What Java Doesfor You: Software Portability

What is meant by "applicationsthat are independent of dl hardware and operating systems?" It means you can compile
aJavaprogram on any system and run the resulting binary executable file on the same or any other sysem—on a
Macintosh, on Windows 98, NT, 2K, XP, on Solaris, Linux, BSD or any of the varieties of Unix, on IBM's mainframe
operating systems, on cell phones, Personal Digital Assstants (PDAS), embedded processors, and even on smart cards
(credit cards with amicroprocessor and memory), asshown in Figure 1-1.

Figure 1-1. Future-proof software: Your Java application runson every syssiem. No more" requires Windows
XP" or "Linux PPC only" , or " compiled for MacOS X version 10.5"; just " built with Java,” and you're
done.

[View full Szeimege]

Y ou will even be able to run on future operating system releases, like Microsoft's Longhorn. Javawill be ported to all
future operating systems of significance. It'saso afast way for new hardware to get software applications that will run
onit.

Java unlocks software from being coupled to any specific OS and hardware platform. This new flexibility has made Java
very popular with users, IT departments, and software vendors. All three benefit enormoudy from software portability.



Why Portability Matters

Y ou might think that software portability does not affect you: your application software runsfine on your PC today and
that'sdl you use. And that's true, right up until the time you want to consider anew or different system.

Say you'rein the market to buy anew desktop system, and afriend shows you the video-editing, music, virus
resstance, and digita picture capabilities of his Apple Macintosh. Y ou consider switching to aMac. Switching GUIsis
ano-brainer—GUIsdl do essentidly the samethings, and it only takesaday or two to re-train your fingers. The
problem isthe apps. Y ou are faced with the " choice" of waking away from your investment in your existing PC-only
software, or buying yet another Windows PC that has some compatibility with your previous system. Y ou can easily
switch hardware from Déell to H-P or IBM, but there's a software barrier to switching from Windows to something with
fewer security problems, like Linux or MacOS. Y ou've been locked in.

When your gpplication programs are written in Java, you can upgrade OS and gpplicationsindependently. Y ou can try
Linux and sill use your familiar gpplications. Y ou can move your existing Java programsto any new system, and carry
on using them. Thisiswhy software portability mattersto home users.

For businesses, the problem isworse and far more expengive. Even if your whole organization has standardized on, say,
Microsoft Windows XP, there have been numerous rel eases over just the last decade and abit: MS-DOS, Win 3.1,
Win3.11, Win95A, Win95B, Win98, 98 SE, ME, NT 3.1, NT3.5, NT3.51, NT4, 2K, multiple service packs and
required hot-fixes, XP, and Longhorn on the horizon. These platforms have subtle and different incompatibilities
amongthem. Even applications running on asingle platform have limited interoperability. Older versons of Microsoft
Office cannot read files produced by default from the latest Microsoft Office, even when thefiles don't use any of the
new fegatures.

Thisisdone deliberatdly, to force upgrades. If even one person in an office upgrades, everyone hasto (or risk being cut
off from reading new files).

Software portability isdl about "future-proofing” your software investment. Rewriteit in Java, and that'sthe last port
you'l ever need to do. Portability isthe Holy Grail of the software industry. It haslong been sought, but never before
attained. Javabringsthe industry closer to true software portability than any previous system has.

Softwar e portability for office applications

Thereistoday an excellent dternative to costly and incompatible M S Office updates. Y ou can download
the free OpenOffice.orgsoftware and useit ingtead of MS Office.

MS Office Professional Edition 2003 costs $499 in the USA for the basic product—for one compute.
OpenOffice.org has the same ook and features, and isfree for any number of computers.
OpenOffice.org can read and save filesin M S Office formats. Y ou can even get the source code. Over
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Language and Libraries

Let's spoend aminute to review some software terms that are often taken for granted. If you are dready familiar with
this, just skip ahead until you reach something new. The terminology is spelled out in detail hereto give asolid basisfor
the materid that followsin the rest of the book.

What a languageis

When peopletak about a"programming language’, they mean things like:

How the language describes data,
The statements that work on data, and

The ways the two can be put together. The set of rules describing how you can put together programsin the
language is cdled agrammar. The grammar for a programming language is written in mathematica language, and
it defines how expressions are formed, what statements look like, and so on. Well stay away from mathematics
and explainthingsin English.

Javaisaprogramming language in the same part of the languages family tree as C++, Pascal, or Basic. Java adopts
ideas from non-mainstream languages like Smaltalk and Lisp, too. Javaisastrongly typed language, meaning that the
compiler grictly checks operations and will only alow those that are valid for that type of operand (you can't multiply
two character strings, but you may append them) Java is object-oriented, meaning that the data declarations are very
closaly tied to the statements that operate on the data. Object-oriented means more than just tying datato statements,
and we expand on that in chapters 2 and 5.

Statements are grouped into what other languages call functions, procedures, or subroutines. In an object-oriented
language, we call the functions methods as they are the method or way to process some data. M ethods can cdl other
methods and can be recursive (call themsalves). Program execution beginsin amethod with the specia name
main().Statementsin Javalook similar to satementsin many other high-level languages. Here are some examples of
Javagatements:

y =y + 1
if ( isLeapYear(y) ) /1 this is a coment
febDays = 29;

el se febDays = 28;


http://java.sun.com/docs/books/jls/index.html

One Size Doesn't Fit All

It's quite an accomplishment to run the same binary executable on such widely different architectures as MacOS,
Windows, Linux and aquarter of abillion cell phones. Theré's more information about this coming up in Chapter 2, but
for now, let's make an over-smplification and say that Java binary executables are interpreted on each platform.

The Java binary format doesn't contain machine code ingtructions for any one compuiter. It contains adightly higher
level, more genera, set of ingtructions known as byte code. To run a Java program, you actualy run an interpreter. The
interpreter reads the binary file containing the byte code and trandates it into the machine code for the syslem where
you are executing the program. The full and more complete story isin Chapter 2, remember.

It'salso not easy to run software on everything from asmart card to a supercomputer cluster. That encompasses awide
range of hardware capabilities—virtua memory, hard disk, processor speed, file space, GUI abilities, memory size, and
S0 on. Sun has achieved Java support on virtually every computing device[1] by defining different "editions™ Thesmaller
editions have asubset of thelibrariesin the bigger editions.

[1] I have asignet ring that runs Java programs! These rings were given out at the 1998 JavaOne conference. See
www.ibutton.com.

There are three editions of Java, and the smallest oneis further sub-divided. For the sake of clarity, they should just
have been cdled the smdl, medium and large editions, but the Java marketing folks at Sun gave them these names
instead:

Micro Edition (the" small" platform)

The Micro Edition isavery low-footprint Javarun-time environment, intended for embedding in consumer productslike
cdll phones and other wireless devices, pamtops, or car navigation systems. Y ou will develop your code using J2SE,
and then deploy onto the various smal devices. The Micro Edition isaso known as Java 2 Micro Edition or "J22ME" for
short.

The 2ME environment isfurther subdivided into "profiles™ Thereisaprofile (Connected Limited Device Configuration,
or CLDC) that definesthelibraries available for PDA-type hardware. | have ahandheld Sharp Zaurus PDA which runs
the Linux operating system just like one of my desktop systems, so PDAS can be pretty capable these days. Another
profile (the Mobile Information Device Platform, MIDP) isfor wireless devices such as cell phones. Cell phones today
are genera purpose computers, with afew specid peripherals. The smallest profile, which runsin just 128 Kbytes of
memory, isintended for smart cards. It's caled the Java Card API. The guy at Sunin charge of realy dumb names (like
J2SE SDK, CLDC and MIDP) must have been on vacation the week the API for Java cards got named "the Java
Card API". Thisprofileisalowed to omit support for floating-point arithmetic when the hardware doesn't have it.

The 2ME environment is enjoying enormous success and has shipped in many millions of cell phonesdready. The year
2002 marked the point at which the number of handheld computing devices sold exceeded the number of PCssold, so
Java's successin this sector has redl momentum. The Zelos Group (a.company of technology anaysts) predicts that
Javawill run on 450 million handsets by 2007, which is 75% of those shipping that year. As cell phone and PDA
makers continue to search for the e usive sweet spot that combines the two products, Java dominates software for one,
providing abridoe to the other. One proarammer commented " by learning to proaram in Java, vou free voursaf from
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Some Light Relief—A Java Desktop Application

Do you have trouble keeping track of your disk usage? Do you sometimes need to free up space, but have no idea
what to Sart deleting? Have alook at jDiskReport, which is a Java application written by expert programmer Karsten
Lentzsch of Kid in Germany.

jDiskReport isafree cross-platform graphica disk report utility. It lets you understand how much space the filesand
directories consume on your hard disks.

Figure 1-2 showsjDiskReport but really doesn't do justice to the program.

Figure 1-2. ThejDiskReport: keeping track of hard disk space.

[View full Szeimege]

ThejDiskReport software isfredly from Karsten's website at www.jgoodies.com. Download it and unzip thefile. There
isareadmeitxt and ajar file. Go to the directory containing thosefiles, and art the program with the command line

java -jar jdiskreport.jar


http://www.jgoodies.com

Chapter 2. Introducing Objects

Downloading and Compiling Java

What isaClass?

What isan Object?

JavaDigita Clock Program

SUmmary

Exercises

Some Light RelieF—Napster and Limewire

Here'swhere we get to gripswith areal Java program. Follow the stepsin Appendix A to download a Javacompiler.
Then you can type in source code and test examples as we go aong.

The chapter presents some basics of Object Oriented Programming (OOP). Well explain exactly what language
designers mean by atype, and relate that to the objectsin OOP. WEIl develop atype called Timestamp, then add a
couple of other typesto turnit into a complete program. Along the way, well clarify the super-important distinction
between "an object” and "areference to an object”. The chapter ends with the development of asmall but complete
running Java program that displays a desktop clock.



Downloading and Compiling Java

If you use Solaris or an Apple computer running MacOS X, a Javacompiler isaready ingtalled on your system. So you
folks can skip right ahead to "Running a Java Program”. Dell and H-P preload Java libraries on their Windows PCs, but
you il need to download acompiler. If you are using Windows, Linux, or Solaris, Sun'swebste at javasun.com isthe
easest place to get afree Javacompiler. There are other placestoo. IBM has some great Java compiler and tool
downloads. If you are using something other than Linux, MacOS, Windows or Solaris, find the Java compiler by
searching the manufacturer'swebsite.

Downloading a Java compiler system

Follow the stepsin Appendix A to download and ingtall a Java Development Kit (JDK). The current version of the
JDK iscdled "J2SE 1.5 SDK" i.e. Java 2 Standard Edition, version 1.5 of the Software Devel opment Kit. Most
people cdl it by the old, smpler name"JDK 1.5". If thereisanewer verson than 1.5, such as 1.5.1 or 1.6, get that
instead.

Compiling a Java program

A lot of programmers use IDESto develop their code, and there are many I DEs that support Java, including some free
ones such as Sun's NetBeans, Eclipse, or the Blued environment. Y ou can get alist by googling for "JavalDE". Well

avoid IDEs here and do everything from the command line, to keep the learning experience focused on Java. Create a
separate work directory just for your files, and don't put your directory anywhere under the JDK installation directory.

nkdir c:\work

cd c:\work

After ingaling, you can run the Java compiler. Typethisa the command shell:

j avac

Assuming you ingtaled the JDK and set the path correctly, you will get back a dozen lines of messages, Sarting with this
liner


http://java.sun.com
http://www.afu.com/jj6

What |sa Class?

Inaway, Object Oriented Programming (OOP) isamisnomer, asthe fundamenta things we're dedling with are classes.
Perhapsit should have been caled " Class-based Programming”, but it'stoo late to change now. So what's a class, and
what's an object? There are severd different ways of coming at this, and welll try acouple of them. If you are already
familiar with OOP, then just skim through the chapter to pick up the Java specifics. Be sureto visit the"What isan
Object?" section, which describes an object-oriented feature handled differently in Java (reference types).

Declaring avariable

To get agood understanding of OOP, you need to understand data types in procedura (non-OOP) languages. The
idea of representing real world objects by types and variablesin acomputer is called abstraction. Hereés a quick
review. You'll befamiliar with theideaof declaring avariable. In many languages, avariable declaration will ook
something likethis

int mm= 0O;

Depending on the exact rules of alanguage, the keyword for the type might be"int" or "integer” or something smilar,
and it might come before or after the variable name. In Java, avariable is declared exactly as shown here: type name
first, followed by variable name. When you write adeclaration like:

int nm= 0O;

youae

Allocating some storage, and initidizing it to zero,
Giving it aname, mm,
Saying that it can only hold vauesthat are compatible with theint type. Y ou cannot put astring of characters

into mm.

Qimnlo tyvvnee



What |san Object?

The previous section focused on classes and ended with asmal but complete user-defined class called Timestamp.
Weve dready et the cat out of the bag that an object isavariable of aclasstype, not aprimitive type. There are
severd other waysto say that:

Anobject isan instance of aclass
An object belongsto aclass
An object belongs to areference type

However, they al mean the same thing. This section fillsin some more of the details on objects. how you declare them
and how you create them (two different things), and how you use them.

What " referencetype’ really means

An object declaration looks exactly the same as a primitive variable declaration. Y ou firgt write the type name (which is
the class name), then follow it by the variable name (which isthe object name). Soit'sjust like adeclaration of a
primitive variable. Hereis adeclaration of avariable of classtype:

Ti mestanp tick;

The following example shows a qudified name that |ets you declare an object of atype defined in another package:

java.util. Cal endar now;

The name Cdendar isqudified by the packageitisin, javautil.

The Java Language Specification talks about classes being reference types. It means memory references, asin apointer
or addrees The variahle<in the nraviol ic exambnles tick and now ook likethev can hold an obiect Don't be fool ed!



Java Digital Clock Program

Here'sthe rest of the code that makes up the digital clock. The program is made up of three classes:

TheTimestamp class that can give you the current hours, minutes, and seconds.
A classcaled "ClockView". This holds everything related to the visua appearance of the clock on screen.
A classcdled "clock™ that has overall control, and iswhere execution sarts.

For asmall examplelikethis, we could merge everything into one class, and make it adozen lines shorter. By keeping
the design eementsin separate classes, you can form a better idea of how classes should be used in bigger programs
and systems.

The main() routine wher e execution starts

Well gart with the classthat has overal control, where execution starts. Every Java application ever written sartsina
method called "main” that hasthis genera gppearance.

Asthe diagram indicates, the name and parameters of a method are together known as the signature. The signature of a
method comes up later in some other classfeatures. Those three qudifiers at the front of the main name "public atic
void" dways appear on thefront of the main routine, o just take them as given for now. We've aready seen that "void”
means"this method does not have areturn vaue'. Chapter 6 has an explanation of gtatic if you want to peek ahead.

Y ou write your main method, and put it in whichever of your classesis going to have overdl control of the program.

The actud statementsin our digita clock main routine are quite brief. Here they arein full (line numbers added on the
|eft for ease of description):

1 public static void main(String[] args) {

2



Summary

Y ou have now covered two of the four cornerstones of object-oriented programming: abstraction and encapsulation.
This section summarizes what we've seen.

OOPisall about specid support for class types and the operations on them. Objects are variableswhose typeisa
class. Classes, objects, and methods bel ong together in a unbreakable way. The methodsin a class can only beinvoked
on objectsthat belong to that class. If you don't have an object, you cannot invoke one of the object methods. Y ou
cannot write amethod in class A that isinvoked on an object of some unrelated class B. Thereisno way to get that
past the compiler in Java.

There are no structures or records in Java. The most important way to group related thingsisto put themin aclass.
Y ou aso put classestogether into a package. Packages are usudly implemented as directoriesin the file system, though
the JLS doesn't demand that. Y ou can have nest packages within a package. Thisis caled a sub-package.

Therest isjust details (dthough there are alot of them). Weve touched on constructors and hinted about inheritance.
Thisisashort summary, but the concepts are critical to object oriented programming and being an effective Java
programmer. It'sagood ideato turn the corner of this page down, and come back periodically to ensure the concepts
gtick.



Exercises

Write down an explanation of how aclass, object, and method are related.

A rectangle can be defined by the length of two adjacent sides. Write a class that holds these two pieces of
integer data, and provides useful rectangle-related operations, like caculating the area, updating the Side data,
and calculating the combined area of two rectangles. Y ou'll write amethod with asignature likethis:

i nt conbi nedArea(secondRect sr) // the first rect is "this" of course

Rewrite the ClockView class (only) so the clock displays the time in Roman numeras. The Roman numeras
fromlto12arel, I, 11,1V, V, VI, VII, VI, IX, X, XI, and XII.

Rewrite the ClockView class s0 it usesthe 12-hour clock and aso displays AM or PM as gppropriate.

Rewrite the ClockView class so that it includes tenths of seconds, and change the main routine in the clock class
to update the display every tenth of a second. This code in Timestamp will obtain the tenths of asecond from a
Calendar object:

int mMsec = now get(java.util.Cal endar. M LLI SECOND) ;

tenths = msec / 100;

You'll need to declare tenths as afield of Timestamp. Y ou dso need to put that number into the display of the
clock in ClockView.



Some Light Relief—Napster and LimeWire

Everyone knows the story of Napster by this point. College student Shawn Fanning (baby nickname: "the napster”
because of his deeping habits) threw together somerickety old Windows software to transmit the titles of any music
tracks you had on your PC to a central database.

Other users could search that database |ooking for titles they wanted. When they found a match, the Napster software
would set up a peer-to-peer connection and allow direct transfer of the music bits from your PC to the unknown fan
elsawhere. Y our incentive to share was that you in turn would be able to get filesfrom other people smilarly sharing
thelr titles.

That was the concept at least. In practice, the record companies and some bands took exception to freglance
distribution. By thistime, Fanning had parlayed hisidea and some prototype software into a start-up venture backed by
premier venture capitalist company Kleiner Perkins Caulfield and Byers. At its peak, Napster claimed it had 70 million
users, and even if they only exaggerated by theindustry standard factor (ten-fold), that's ftill alot of users.

Napster's demise took a couple of yearsto wind through thelega system, but the central point never seemed that subtle
to me: you cannot legaly broker the wholesae transfer of other peopl€esintellectua property. Naturally, the record
companies conducted themsalves with their usua rapacious shortsightedness. Instead of licensing the Napster software
to supply what customers clearly wanted, and charging fees, they tried to sue Napster out of existence. It'sareprise of
1992 when they killed DAT (Digita Audio Tape) by encumbering it with anticopying hardware backed by law.
Incredible.

Which brings usto the current Situation. Napster isjust about completely dead. Apple hastaken the largest dice of the
online music market by offering the service that everyone wanted dl adong: reasonably priced legal music downloads
through itsiTunes Music Store. Themusic you buy on i Tunes can easily be played on iPods, which are ahigh profit
margin product for Apple. Microsoft is poised to leverage its monopoly and belatedly bundle itsimitation of Apple's
Music Store. And anumber of underground, peer-to-peer file-sharing distributed databases have replaced Napster's
centralized model, most notably a service called BitTorrent.

When | tried the Ngpster softwarein itsheyday, dl the way back in the last millennium, my first thought was, "Why on
earth didn't they writethisin Java?' It was asmple network database ookup with peer file transfer capability
front-ended by asmple GUI. Tailor-made for Javal Fanning was not familiar with Java, so he churned out his
Windows-only software. Though Napster has now passed on to that great big recording studio in the sky, others ill
carry the conductor's baton.

Bearshare, Gnutella, and LimeWire are currently three popular applications for sharing files (including .mp3 music files)
acrossthe net. They use the Gnutdlaclient protocol, which isasearch engine and file serving syssemin one. It iswholly
digtributed. Anyone can implement it to share their content (any files) with others. The great thing about LimeWireisthat
itiswrittenin Java. Y ou can download the gpplication from www.limewirecom and seefor yourself. The main screenis
shownin Figure 2-5.

Figure 2-5. LimeWire: Napster's successor


http://www.limewire.com
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Literal Values

Aswe mention each of the eight primitive types, well show atypical declaration; say what range of valuesit can hold;
and aso describe thelitera valuesfor the type.

A "litera" isavalue provided at compile time. Just write down the value that you mean, and that'sthe literd. Herésa
snippet of code showing severd literds:

int | = 2; /Il 2is aliteral
double d = 3.14; // 3.14 is a literal

if (c=="j") /1 "j' is aliteral

Every literd hasatype, just like every variable has atype. Thelitera written as 2 hastypeint. Theliteral written as 3.14
bel ongs to the type double. For booleans, the literds are the words false and true.

Itisnot vaidto directly assgn aliterd of onetypeto avariable of another. In other words, thiscodeisinvaid:

int i =3.14; [// type msmatch! BAD CODE

Theliteral 3.14 isadouble floating-point number literal, and cannot be assgned directly to an int variable. You can do it
by forcing an explicit type conversion, known asacast. The details are coming up shortly.

A language that alows assignment and conversion only between closdly related typesis called astrongly typed
language. Javaisastrongly typed language. Strong typing reduces the power of alanguage, but reduces some errors
even more.



boolean

Thisisthe data type used for true/ffase conditions. To speed up memory access, implementations don't pack boolean
vauesinto the theoretical one-bit minimum space, but put each boolean into a byte.

example declaration:

bool ean b = fal se;

range of values. fase, true

literds fasetrue

In the code below,

bool ean found = fal se;

/* nore code */

if (x ==99) found = true;

x iscompared with value 99. If x matches 99, then the boolean found is st to true.

Y ou cannot assign or cast aboolean vaue to any other type. However, you can aways get the same effect by using an
expression, likethefollowing:



char

Thistypeisa16-bit unsgned quantity that is used to represent text characters. Y ou'd use thisto hold asingle character.
If you want to store severd successive characters, such asaname or an address or phone number, you would use the
predefined type String, which kegpstrack of multiple consecutive characters at once. String isaclassin the javalang
package, not aprimitive type. Well get to String alittle later.

The type char has been made 16 bits long because that's what you need to support character setsfrom every locaein
theworld. The USA can get by with just 7-bit ASCII, and Western Europeis fine with 8-bit SO 8859-1 characters
giving afew accented characters. Many other places such as China, Koreg, India, and Japan need and use 16-bit
character sets. So Javadoestoo. If you are using acomputer in the 8-bit western world, characters are automatically
converted to/from 16 bits on the way in and out of Java.

Although char holds atext character, inddethe VM char isjust a 16-bit binary number. So dl the arithmetic operators
are available on type char. But unlike dl the other arithmetic types, char isunsigned—it never takes anegative vaue.

Y ou should only use char to hold character data or bit values. If you want a 16-bit quantity for calculations, don't use
char, use short. If you ignorethis advice, acast (conversion) of anegative vaueinto char will make the value magicaly
become positive without the bits changing. If you cast that char vaue back to anint, theint will now have apostive
vaue. That's a surefire way to introduce bugs into your code.

example declaration:

char test G ade;

char mddlelnitial;

range of vaues: avauein the Unicode code set 0 to 65,535

Y ou haveto cast a 32-or 64-bit result if you want to put it into asmaller result. This means that assgnmentsto char
must dways be cast into the result if they involve any arithmetic. An example would be;

char ¢ = (char) (c + 13); // the cast is required

literals. Char literd's are aways between single quotes. String literals are dway's between double quotes, so you can tell



int

Thetypeint isa32-bit, signed, two's-complement number, as used in virtudly every modern CPU. It will be the type
that you should choose by default whenever you are going to carry out integer arithmetic.

example declaration:

int i;

range of values: —2,147,483,648 to 2,147,483,647

literdls: Int literals comein any of three varieties.

A decimd literd, e.g., 10 or —256

With aleading zero, meaning an octd literd, e.g., 077777

With aleading Ox, meaning ahexadecimd literd, e.g., OXA5 or 0X&b

Uppercase or lowercase has no significance with any of the letters that can appear ininteger literds. If you use octal or
hexadecimal, and you provide alitera that setsthe leftmost bit in the receiving number, then it represents a negative
number. (The arithmetic types are stored in abinary format known as "two's-complement”—googlefor full details).

A numeric literdl isa 32-bit quantity, evenif itsvalue could fit into asmdler type. But provided its actud valueiswithin
range for asmaller type, anint literal can be assigned directly to something with fewer bits, such as byte, short, or char.
If youtry to assgnanint literd that istoo largeinto asmdler type, the compiler will ingst that you write an explicit
converson, termed a"cast.”

When you cast from abigger type of integer to asmaller type, the high-order bits are just dropped. Integer variables
and literds can be assigned to floating-point variables without casting.



long

Thetype long isa 64-hit, Sgned, two's-complement quantity. It should be used when ca culations on whole numbers
may exceed the range of int. Using longs, the range of vauesis—263 to (263-1). Numbers up in thisrange will be
increasingly prevaent in computing, and 264 in particular isanumber that redlly needs a name of itsown. In 1993, |
coined the term "Bubbabyte" to describe 264 bytes. Just as 210 bytesis aKilobyte, and 220 is a Megabyte, so 264
bytesis a Bubbabyte. Using along, you can count up to haf a Bubbabyte less one.

example declaration:

| ong nati onal Debt ;

range of values: —9,223,372,036,854,775,808 to 9,223,372,036,854, 775,807

A word about casts (type conversion)

All variables have atypein Java, and the typeis checked so that you can't assign between two things that
areincompatible. Y ou cannot directly assign afloating-point variable to an integer variable.

It is reasonable, however, to convert between closely related types. That iswhat acast does. Y ou cast
an expression into another type by writing the desired new type name in parentheses before the
expression, asfollows.

float f = 3.142;

int i =(int) f; // a cast

Some numeric conversions don't need acast. Y ou are dlowed to directly assgn from asmaler-range
numeric typeinto alarger range—abytetoint, or int to long, or long to float—without acast. Assigning
to amore capacioustypeis caled awidening primitive converson, and it does not lose any information
about the overdl magnitude of the numeric vaue. When you want to do an assgnment that can potentialy




byte

The byte typeisan 8-bit, sgned, two's-complement quantity. The reasons for using byte are to hold a generic 8-bit
vaue, to match avaluein existing datafiles, or to economize on storage space where you have alarge number of such
vaues. Despite popular bief, there is no speed advantage in arithmetic on shorter typeslike bytes, shorts, or
chars—modern CPUs take the same amount of time to load or multiply 8 bits asthey take for 32 bits.

example declaration:

byt e hei ght O Ti de;

range of values. —-128t0 127

literds. There are no byte literds. Y ou can use, without acadt, int literals provided their valuesfit in 8 bits. Y ou can use
char, long, and floating-point literdsif you cast them.

Y ou dways haveto cast a(non-literd) value of alarger typeif you want to put it into avariable of asmaler type. Since
arithmetic isaways performed at least at 32-bit precision, this means that assgnmentsto a byte variable must dways be
cadt into theresult if they involve any arithmetic, likethis:

byte bl=1, b2=2;

byte b3

b2 + bl; // NO NO NO conpilation error

byte b3

(byte) (b2 + bl); // correct, uses a cast

People often find this surprising. If | have an expression involving only bytes, why should | need to cast it into abyte
result? The right way to think about it isthat most modern computers do al integra arithmetic at 32-bit or 64-bit
precision (thereisno "8-bit add" ingtruction on modern CPUSs). Javafollowsthismode of the underlying hardware.

An arithmetic operation on two bytes potentialy yields a bigger result than can be stored in one byte. The philosophy
for numeric castsisthat they are required whenever you assign from amore capacious type to aless capacious type.
Thisistermed anarrowing primitive conversion, and it may lose information about the overdl magnitude of anumeric

vaue. It may aso lose some digits of precison, and Sgn information (when converting to char, because charsare
Awan/e intarnrated ac nngtivievaln i)



short

Thistypeisa 16-bit, signed, two's-complement integer. The main reasons for using short are to match externad vaues
aready present in afile or to economize on storage space where you have alarge number of such values.

range of values. —32,768 to 32,767

literds: There are no short literds. Y ou can use, without acadt, int literals provided their valueswill fit in 16 bits. You
can use char, long, and floating-point literalsif you cast them.

Aswith byte, assgnmentsto short must dways be cast into the result if the right-hand side of the assignment involves
any arithmetic.

The last two primitive types, double and float, are floating-point arithmetic types. Before we look at the features of
double and float, Limited Accuracy of Foating Point Types on page 49 describes some problems you may encounter in
any language, when using floating-point arithmetic.




Limited Accuracy of Floating Point Types

Before we describe double and float, we need to point out two limitations of floating-point arithmetic. People are il
getting Ph.D.sfor probing the mathematics underlying floats, but the short Sory is:

Hoating-point numbers only hold alimited number of significant figures. Thefloat type only holds six to seven
significant figures. So you can hold the number 123,456 accurately, and you can hold the number 0.123456
pretty accurately, but it's certain that you cannot hold the number 123,456.123456 in afloat variable accurately
because that would require 12 significant figures. Y ou can write the number in your program, and you'll actudly
get anumber that is gpproximately the value you want, but not exactly equal. (Y ou'll get 123456.125, in fact).

Hoating-point numbers may contain tiny inaccuracies that can mount up as you iterate through an expression.
Don't expect ten iterations of adding 0.1 to afloat variable to causeit to exactly equal 1.0F!

Hoating-point numbers have these limitationsin every programming language. It isinherent in the type. Y ou aretrying to
represent an infinite quantity of numbersin afinite type. The only way this can be doneis by picking pointson the
real-number continuum and representing those exactly. Then use those mode vauesto represent approximationsto al
other real numbers. It's as though we could only store tenths, and so everything from 0.0 to 0.049 becomes 0.0.
Everything from 0.05 to 0.149 becomes 0.1, and s0 on. With floats, we're working with millionths, not tenths. But it is
gtill not perfectly accurate for most numbers. With this background about the limitations, let's review the two floating

jpoint types.



double

The type double refers to floating-point numbers stored in 64 bits, as described in the IEEE[1] standard reference 754.
The type double will be the default type you use when you want to do some ca culations that might involve decimal
places(i.e., ot integra vaues).

[1] IEEE isthe Indtitute of Electrica and Electronic Engineers, aU.S. professona body.

range of values. These provide numbersthat can range between about —1.7E308 to +1.7E308 with about 15 significant

figures of accuracy. The exact accuracy depends on the number being represented. Doubl e precision floating-point
numbers have the range shown in Figure 4-1.

Figure4-1. Type double should be used when calculationsinvolve decimal places

[View full Szeimege]

|EEE 754 arithmetic has comeinto virtualy universal acceptance over the last decade, and it would certainly raiseafew
eyebrowsif acomputer manufacturer proposed an incompatible system of floating-point numbers now. |EEE 754 isthe
standard for floating-point arithmetic, but there are severa places where chip designers can choose from different
aternatives within the standard, such as rounding modes and extended precision. Javaoriginaly inssted on consistency
on al hardware by specifying the aternatives that must be used. That is now |oosened somewhat with strictfp.

Make mine adouble: how largeis 1.7E308?

Thelargest double precision number isalittle bit bigger than a 17 followed by 307 zeroes. That'san
amazingly huge number.

The volume of the observable universeis about (4pi/3)(15 billion light-years)3 = 1085 cm3. Protons, the
fundamenta particle found in the nucleus of an atom, have an average density (averaged over al space,
not just on planets) of about 10-7 cm-3.




float

The typefloat refers to floating-point numbers stored in 32 bits, as described in the |EEE standard reference 754.

Thejudtification for using single-precision variables used to be that arithmetic operations were twice asfast as on double
precision variables. With modern extensively pipelined processors and wide data buses between the cache and CPUS,
the speed differences areinconsequentia. The reasonsfor using floats are to minimize storage requirements when you
have avery large quantity of them or to retain compatibility with external datafiles,

Floats are best avoided if possible, because they have such limited accuracy. They arein Java because they are
supported in hardware S0 it costslittle, and provides compatibility with existing code and expectations.

range of values. The type float provides numbers that can range between about —3.4E38 to 3.4E38 (i.e,
340,000,000,000,000,000,000,000,000,000,000,000,000) with about six to seven significant figures of accuracy. The
exact accuracy depends on the number being represented.

literd's. The smplest way to understand what is alowed isto look at examples of valid float literds, asfollows:

lelf 2.f .3f 3.14f 6.02e+23f

A suffix of "F" or "f" isdways required on afloat literd. A common mistakeisto leave the suffix off thefloat literd, as
follows

fl oat cabbage = 6.5;

Error: explicit cast needed to convert double to float.

The code must be changed to the following:

1 a I ~ -



Object Wrappersfor Primitives

Each of the eight primitive types we have just seen has a corresponding classtype, predefined in the Javalibrary. For
example, thereisaclassjavalang.Integer that corresponds to primitive type int. These class types accompanying the
primitive types are known as object wrappers and they serve several purposes:

The classisaconvenient place to store constants like the biggest and smallest values the primitive type can store.

The class aso has methods that can convert both ways between primitive values of each type and printable
Strings. Some wrapper classes have additiond utility methods.

Some data structure library classes only operate on objects, not primitive variables. The object wrappers
provide aconvenient way to convert a primitive into the equivaent object, so it can be processed by these data
structure classes. One example of adata structure classthat only operates on objectsisthe class
java.util.SortedSet, which keeps a collection of objectsin sorted order for you.

Why use object wrappersinstead of primitive
typesdirectly?

There isone more big reason why we wrap primitive types. Thereisa"joker" reference type that can
hold a pointer to any type of object at dl. Thisisthe type java.lang.Object. Code like thisis perfectly
lega (and common in some kinds of program):

Tinmestanp t = new Ti nestanp();

java.lang. Cbject o = t;

Thereisno corresponding primitive type that can hold any kind of primitive variable. Therefore, if you
want to have an agorithm that operates on arbitrary or unknown variables, make it work with variables
of type javalang.Object. If the arbitrary values are primitives, wrap them and use javalang.Object
references to manipulate them.

Y ou might wonder what kind of processing you can do to an object, if itstrue type (and thereforeits
methods) are concealed from vou. You can hold it in adata structure such as a stack. queue, set, etc.




Autoboxing and Unboxing

Autoboxing is afegature that came into Javawith the JDK 1.5 release. It recognizesthe very
close relationship between primitive variables and objects of their corresponding wrapper type,
and provides alittle extra help from the compiler. Autoboxing saysthat you can convert from one
to the other without explicitly writing the code. The compiler will provideit for you.

In releases before 1.5, you could get an int vaue into ajavalang.Integer likethis:

int i = 27;

Integer nylnt = new Integer(i);

With autoboxing, you can make the assgnment directly, and the compiler looks at the types of the variables, and says
"yes, | know how to wrap (or "put abox around") an int to get an Integer object”. Then it alows the expresson, and
generatesthe code to do it. So you may write thisinstead:

int i = 27;

I nteger nylnt =i; /1 aut obox!

Unboxing isthe same concept going the other way, from a primitive-wrapper object to a primitive type. Herés an
example with awrapper object for the Double type:

Doubl e dObj = 27.0; // autobox

double d = dObj; /1 unbox, gets value 27.0

Boxing isn't just for variable cregtion or initidization. Y ou can useit wherever the context expects a primitive and you
have the corresponding wrapper. It gets automatically wrapped for you. Here's an example showing how we can use a
Boolean object where aboolean primitive is expected:


http://afu.com/jj6

Performance I mplications of Autoboxing

The autoboxing feature was introduced to Javafor programmer convenience, particularly in the Collections classes that
provide ready-made data structures for use on Objects. Where theintent is obvious, you no longer have to writeit dl
out explicitly.

Just because you don't write the code explicitly, it doesn't mean the code goes away. The compiler generates actua
ingtructions for the implied type promotions between a primitive and its object wrapper.

Those actua ingructions have a performance cost at run-time, even though you don't see them a compiletime. Take
this autoboxing, for ingance:

Integer nylnt =i; // autobox!

The compiler will treat that the same way asif you had written aconstructor call:

Integer nylnt = new Integer(i);

When acongtructor isinvoked, it causesachain of callsto constructorsin successively higher parent classes back until
acongructor in javalang.Object isinvoked. The parent class of Integer isjavalang.Number, and the parent of Number
isjavalang.Object. So there are three congtructor cals, amemory alocation, and an assignment in that
Innocuous-looking autoboxing.

CPU cycles get chegper every year, but they're not completely free or infinitely fast. Be aware of the cost of
autoboxing, and avoid doing it unnecessarily or in aloop. Autoboxing costs no more and no less than the equivalent
explicit satements. But it's easy to inadvertently overlook the cost of statements that aren't written explicitly.

No methods on primitivesin Java

The C# language goes one gep further than Javain autoboxinog—you can invoke methods on primitives!



java.lang.Object

Well finish this chapter by describing a couple of much-used classes that we have seen informaly aready: Object and
Siring.

The classjavalang.Object isthe ultimate parent of every other classin the system, and it has half-a-dozen methods
which therefore can be invoked on any and al objects. (An object is able to invoke the methodsin dl its parent classes
— remember how ClockView objects could cal setVisble() because they got it from their parent JFrame). Following
are some of the members Object has. Y ou can skim through this now, jumping ahead to the description of type String,
and return if you need more information about something specific in Object.

public class Object {

public java.lang. Ovject(); // constructor
public java.lang.String toString();

publ i c bool ean equal s(java. | ang. Obj ect);

public native int hashCode();
public final dass getd ass();

protected native java.l ang. Obj ect clone()

t hrows Cl oneNot Support edExcepti on

/1 methods relating to thread progranmi ng
public final native void notify();

public final void wait() throws InterruptedException

The "throws SomeException” clause is an announcement of the kind of unexpected error return that the method might
give you. Object does have afew more methods than shown here. The API documentation has the full description.



java.lang.String

To complete this chapter, here is the stlandard Java classjavalang.String. That's obvioudy a classtype, contrasting with
the primitive types with which we started the chapter. Y ou will use String instances alot—whenever you want to store
some charactersin a sequence or do human-readable 1/0.

Asthe name suggests, String objects hold a series of adjacent characters, smilar to an array. Strings have methods to
extract substrings, to put into lower case, to search a String, to compare two Strings, and so on. Arrays of char have
none of these. String isavery convenient classand you'll useit extensively in many programs.

literdls. A gtring literd is zero or more characters enclosed in double quotes, like these two lines:

"That'Ill cost you two-fifty \n"

" /] enpty string

The empty String isdifferent from the null pointer. The empty String isa pointer to a String object which happensto
have zero length. Y ou can invoke all the compare, search, extract methods on an empty String. They do little, but they
don't cause errors.

Strings are used so frequently that Java has some specia built-in support. Everywhere elsein Java, you use a
constructor to create an object of aclass, such as:

String drinkPref = new String( "I like tea" );

String literals count as a shortcut for the congtructor. So thisis equivalent:

String drinkPref = "I like tea";



L anguage Support for String Concatenation

Thereisanother String feature with specia built-in compiler support: concatenation, or joining of two Strings. Whenever
a String is one operand of the "+" operator, the system does not do addition. Instead, the other operand (whatever it is,
object or primitive) will be converted to a String, and the result is the two Strings appended together. If the operand is
an object, it is converted to a String by calling itstoString() method. The toString() method of Object is described on
page 58; String hasits own specid verson of this.

Concatenation isapiece of "magic" extra operator support for type String. The "+" operator used to be the only
operator that could be gpplied to an object, until unboxing was brought into JDK 1.5. Y ou will usethis String "+"
featurein many places. Here are afew examples:

To print out avariable and sometext sayingwhat it is.

Systemout.println( "x has value " + X

+ " and y has value " + vy );

To break along String literal down into smaller strings and continue it across severd lines:

"Thomas the Tank Engi ne and the naughty "
+ "Engi ne-driver who tied down Thonmas's Boiler Safety Val ve"

+ "and How They Found Pi eces of Thomas in Three Counties."”

To convert the vaue to a String (concatenating an empty String with avaue of aprimitive typeisaJavaidiom):

int i = 256;



String Comparison

Just areminder about String comparisons. Compare two Stringslike this:

if ( sl.equals(s2) )

not likethis

if (sl == s2)

The first compares string contents, the second, string addresses (this is another artifact of reference types, remember?).
Failing to use equal () to compare two stringsis probably the most common single mistake made by Javanovices.

Tip: Using intern() on Strings

Thereisone exception to rule of comparing Strings by calling equal (). The exception hasbeen put in
place as a performance optimization. String has amethod called intern(). Y ou can cdl intern() on one of
your strings, to put it into a private program-wide pool that the String class maintains. Y ou get back a
pointer to that string in the pool. Each string isonly in that pool once. If you later cal intern() on astring
that is aready in the pool, you get the shared version back to use. Thisworks because string contents
never change after crestion.

All String literds and String-valued congtant expressions are interned for you automaticaly. That ensures
that you don't have two copies of astring litera with the same contents. Y ou can call intern() on your
own stringsin addition, if you wish. Thereis some cost to interning astring, so only do it when the
number of string comparisonsin your program isalot more than the number of string creations.

Thekey reason to useintern() isthat al strings returned from intern() can be compared for equdity by



Some Light Relief—Hatless Atlas

Here's a cheery song that was written by top programmer David H. Zobel and circulated on the Internet for more than a
while. It's sung to the tune of Twinkle, Twinkle, Little Star, but to sing it you have to know how some programmers
pronounce the shifted and control characters on akeyboard. The " character abovethe 6" is often pronounced "hat"
becauseit lookslike alittle hat. Some people give the name "huh" to "?', and "wow" to "!". Both of those are alot
shorter than more conventional names.

The songiscaled Hatless Atlasand it goeslike this.

"<@<.@* Hat less at less point at star,

Pt #| backbrace double base pound space bar.
-@%& 1 _% Dash a cash and dash baserate,
(@|=> wow open tab at bar is great.

T $?2N? Semi backquote plus cash huh DEL,
B~ NG comma pound doubletilde bar close BEL .

This song can be enjoyed on more than one level. While the theme is not totally transparent, key elements are revealed.
The bare-headed strong man relishes nature ("point at star'"), and then enjoysthe full hospitaity of atavern ("Wow,
open tab at bar isgreat”). Soon he finds that the question of payment does arise, after dl; hence, the velled reference to
the Treasury lending policy ("dash baserate”) and thefindity overshadowing that closing lament "bar close BEL"!

| liketo think that in the yearsto come wherever programmers gather in the evening, after the pizzaisal eaten and a
aufficient quantity of beer has been drunk, apiano may start to play softly in the corner. Quietly, one member of the
group will sing, and then more and more of the programming staff will joinin. Any systems andystswho haventt yet
quaffed themsd ves unconscious might sway unsteadily with the beat. Soon severa choruses of Hatless Atlaswill roll
lustily around the corners of the room. Old-timerswill talk of the great bugs they have overcome and the days of
punching clocks, cards, and DOS machines.

Or maybe well al stay home and watch reruns of Star Trek: Kirk Violates the Prime Directive with Xena, Warrior
Princessinstead. Who knows?
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Some Light Relief—MiniScribe: The Hard Luck Hard Disk

Huh?Wha isit, Lasse? What isit, girl?

Y ou say someone has | eft the braces off their if statement, and that it's likely to be amaintenance problem? Good girl,
Lassel

Statements are the way we get things done in a program. Here are the most common statementsin Java.

Organizing Satements { I*satements*/ } and emptyStatement ;
Expresson statement someExpression;;
Sdlection statements

switch



Organizing Statements

Wherever you can legaly put one statement, you can put a block of several statements. We've seen blocks many times.
Use them to group statementsin aloop or an "if" clause, or to declare avariable that will be used only within the block.
Thisiscaled aloca variable becauseit islocd to the block and the name cannot be seen outside the block. A block
lookslikethis

for (;;) {
int ti neMsecs = 500; /1 local variable

Thr ead. sl eep(ti neMsecs);

This makes the entire block be the subject of the "for" loop. In this example, the for statement causes the block to be
repeeted in an infinite loop. It can be stopped by an exception error condition or by something externa to the loop, like
closing the window containing the program, or stopping the Thread it isrunning in.

Empty statement

Java has the empty statement, which issmply asemicolon by itself. The empty statement does nothing, and isused to
make things clearer. In the example below, we are saying "if the condition istrue, do nothing; otherwise, invoke the

bool ean noRecordsLeft = /*sone cal cul ati on*/

if (noRecordsLeft)
; /1 enpty statenent

el se

al ert TheMedi a() ;

Thaoa ~AadAa T ecwirittan thicw a7 +a Al a it Alasrar 1F vt raamita 1t on tha "Al cA' nart lka~arnmoae tha "fhan!! inart +Aa a7t A Aan



Expression Statements

Certain kinds of expression are counted as statements. Y ou write any expression, put asemicolon after it, and vaila, it's
an expresson statement. In particular, an assgnment, method invocation, the creation of aobject by caling a
congtructor (looks like amethod call, and the keyword "new" is used so we can tell them gpart), and pre-increment,
post-increment, and decrement are dll expressionsthat can be statements.

a = b; /] assignnent
w. set Si ze( 200, 100); /1 method invocation
new War ni ngW ndow(f); // instance creation

++i ; /'l pre-increnent

An expression satement is executed by eva uating the expression.

If the expression is an instance creation, you usudly save areferenceto it so that you can access fields and invoke
methods on that object. For example, you have:

foo = new Warni ngW ndow(f); // instance creation

new War ni ngW ndow(f); // instance, but no ref saved

However, there are certain classeswell seelater that you can ingtantiate for which you don't necessarily need to savea
reference. The two main examples are Threads and inner (nested) classes. They are fine doing their work without
further input from you. So, while you usualy keep areferenceto anewly ingantiated class, you might occasionaly see

I P [ T



Sdlection Statements

Statement Notes

if ( Expression ) Statenent

The generd form of the"if" satement lookslikethis:

St at enent ]

The Expression must have boolean type. It can be
aBoolean object which will be unboxed to a
boolean. Requiring aboolean (in contrast to an
integer) hasthe delightful effect of banishing the
old"if (a=b)" problem, where the programmer
mistakenly tapsthe"=" key once instead of twice,
and does an assgnment instead of the intended
comparison, (a==b).

If that typo iswritten in Java, the compiler will give
an error message that a boolean is needed in that
context—unlessaand b are booleans. For this
reason, people sometimes write code like if
(false==b) because the compiler will output an
error message for the typo if (false=b)

The Statement can be any statement, in particular
ablock statement, { /*more code*/ }, isnormal.

The generd form of the "switch" statement isimpossibleto show in any meaningful formin
agyntax diagram with less than about two dozen production rules. That tellsyou
something about how badly designed the statement isright there. If you look at Kernighan
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L ooping Statements

The"for" satement lookslikethis;

for (Initid; Test; Increment ) Statement

There are new versions of "for" to use with collection classes, arrays and
enumerated types.

for ( SomeType varOfSomeType : SomeCoallectionVariable) Statement
for (SomeType varOfSomeType: ArrayVariableOf SomeType ) Statement
for ( SomeType varOfSomeType: EnumSet ) Statement

Theseversonsof "for" dlow you to cycle easly through al eementsin acollection or an array or an
enumeration, or subranges of an enumeration. They are covered in Chapter 16, "Collections" Chapter 9,
"Arrays" and Chapter 6, "Static, Find, and Enumerated Types.”

Statement Notes

Initial, Test, and Increment are dl expressionsthat
control theloop. The semicolons are required, but
any or al of the expressonsare optiond. The Test
expression must be aboolean or aBoolean. A
typical loop will ook likethis:

for( i=0; i<100; i++ ) { /*loop
body*/ }

Aninfiniteloop will have blank Initial Test and
Increments, likethis:

for ()




Transfer of Control Statements

return;

or

return Expre

Statement Notes

v

A "return” satement lookslikethis

ssi on;

"Return” (with no accompanying expresson) is
only used in amethod that has areturn value of
void. It gets you out of the method and back to
where you were called from. The code below is
anexample

voi d reset Fi el ds(Customer c) {
if (c==null) return;

/] otherwi se, go on to reset the
fields of c

}




Comments

Java has comment conventions similar to those of C++. Two dashestogether, "//" make the rest of the line acomment,
asfollows.

i =0; // the "to end-of-line" comrent

Comments tarting with "/*" make dl the characters up to and including the first **/*, be acomment. It might stretch
over severd lines.

/* the "regular multiline" conment
goes here.

*/

Commenting out code

Since comments do not nest in Java, to comment out a big section of code, you must either put *//* at the
dart of every line, or use"/*" a the front and immediately after every embedded closing comment,
finishing up with your own closing comment at the end.

Y ou can aso use the following around statements you want to temporarily delete:

if ( false) {



http://java.sun.com

Reading the Java API

Thisisavery, very important section! The Java Application Programmer Interface (AP1) isavast collection of libraries.
Luckily, it iswell documented, and the documentation is easily accessed using abrowser starting at
http://java.sun.com/docs/index.html

Y ou can adso download the html and ingtdl it locdlly. | prefer to download it because local accessisfaster than web
access, and we'remostly Type A individuasin programming. However you do it, start up your favorite browser and
browse the URL for the Java API for the release you ingtalled on your computer. When the page comes up, set a
bookmark for it. Y our browser should be displaying something like Figure 4-1.

Figure4-1. The API documentation

[View full Szeimage]



http://java.sun.com/docs/index.html

Exercises

Writetheif statementsthat call different methods doO_9(), do10 99(), and do100 999() based on the value of
i being in therange 0-9, 10-99, or 100-999. Don't forget to alow for other values of i, including negative values.

Write a switch statement that correspondsto theif statement in question 1. Which is more compact? Which is
easier to read?

Write amethod that counts the number of "1" bitsin an int value. Y ou can get successive bitsfrom theend of an
int by checking to seeif theint isan odd number. Anint isan even number if adivison by two followed by a
multiplication by two givesyou back the origind number (truncation of afraction givesasmdler result for an
odd number). If it isan odd number, the least Significant bit is 1, otherwiseit is zero. Then dividetheint by 2to
get the next bit. Don't do this check-and-divide-by-two more than 31 times. Why shouldn't you do the shift
more than 31 timeswith anint?

Write another method that counts the number of "1" bitsin along vaue. Isthere any way to share code
between the two? (Hint: along istwo intswide.) Would you do so in practice? Explain why or why not. Then
look up the javadoc API and reimplement it using java.math.Biglnteger.bitCount().



Some Light Relief—MiniScribe: The Hard Luck Hard Disk

Mogt readerswill know the term "hard disk," which contrasts with "floppy disk,” but how many people know about
MiniScribe's pioneering effortsin thefields of very hard disks, inventory control, and accounting techniques?

MiniScribe was a successful start-up company based in Longmont, Colorado, that manufactured disk drives. Inthe late
1980s, Miniscribe ran into problems when IBM unexpectedly cancelled some very big purchasing contracts. The
venture capitalists behind MiniScribe, Hambrecht & Quist, brought in turnaround expert Q.T. Wilesto get the company
back on track.

Wiles mercilesdy drove company executives to meet revenue targets, even as sdesfel ill further. In desperation, the
beleaguered executives turned to outright record falsification. It must have seemed so easy. Over the space of acouple
of yearsthey came up with an impressive range of fraudulent techniques for making afailing company have the

appearance of prospering.

The Miniscribe executives started off with the easy paper-based deceit, like:

Counting raw inventory asfinished goods (with ahigher vaue).
Anticipating shipments before they were made to customers.
Counting imaginary shipments on non-existent ships.

When they were not found out, they graduated to more brazen activitieslike parading inventory past the accountants
twice, s0 it would be counted twice, and shipping obsolete product to afake customer caled "BW." "BW" stood for
"Big Warehouse" and was a MiniScribe storage building. And so it went, with smaller crimesleading to bigger crimes,
just the way your kindergarten teacher warned it would.

Muiniscribe employed more than 9,000 people worldwide at the height of itsfortunes, so thiswas no fly-by-night,
two-guys-in-a-garage undertaking. Thiswas afly-by-night, 9,000-guys-in-a-Big-Warehouse undertaking. The
companies that supplied Miniscribe were doing less and less business with them and were finding it hard to get paid.
One analyst surveyed the entire computer industry and found only one large Mini Scribe customer. At the sametime,
MiniScribe wasissuing press releases talking about “record sales.”

The most breathtaking coup, though, was the brick scam. Desperate to show shipments on the books, executives
brought in their assstants, spouses, and even children for acrazy weekend of filling disk shipping boxeswith house
bricks. They aso created aspecia computer program called "Cook book™ (these guys were well aware of what they
were doing) that facilitated shipping the bricksto good old "BW" and recognizing the "revenue' from that customer.
These brickswere surely the ultimate hard drive.
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Some Light Relief—It'sNot Y our Father's IBM

All theway back in Chapter 2, we briefly mentioned two concepts that are used alot with classes: constructors (to
create new objects), and access control (to ddliberately restrict or increase the visibility of classes and thingsin classes).
This chapter iswhere we deliver the full details on these two topics. Congtructors are usually described asbeing like
methods "with afew differences’ and method is the object-oriented name for afunction or procedure. So theré'sa
section on methods and parameter passing in heretoo. We look at the ways you can organize groups of classesinto
packages, and how you can store packagesin jar files. At the end of this chapter, you'll have enough knowledge to read
and write basic Java object-oriented programs.



Polymor phism IsaLongWord for a Short Topic

In Chapter 8, we cover inheritance and polymorphism. Don't be put off by the term polymorphism. It'sjust along word
meaning "how child classes provide specidized versons of the methods inherited from the parent”. Y ou'll need to read
and understand the advanced OOP chapter be an effective Java programmer. The good news isthat object-oriented
programming is based on afew smple ideas. Here are the key OOP ideas that we have met so far:

Object-oriented programming: key ideas so far

A classisanother namefor a datatype.
An object isavariable belonging to a class datatype.

The methods and data defined in a class implement the operations of the type. The compiler permits only these
operations on objects of thistype. Y ou have to provide a specific object when you call amethod. The
statements are executed on that specific object.

Every classhas a parent class, and has full accessto the data and operations of its parent (accessto your
parent's Stuff iscaled "inheritance”).

We dso saw that Javaobject varigbles are redlly just pointersto objects, "references’ in Javaterminology. Thisisabig
difference between Java and most other object-oriented programming languages. Some implicationsthat flow from this
design decison are summarized in the next section.

Reminder: Java object variables arereally referencesto objects

All objects are accessed through references (these are, effectively, pointers).
Declaring what looks like an object variable actualy gets you a variable that can hold areference to an object.

When you declare that variable, it contains anull vaue that does not point to any object. To start using the
object, you must first make the variable point to an object. Y ou can make it point to an existing object, or you
can create anew object for it to reference.

We have reinforced the point that object variables don't start out pointing to an object. It'stime to describe in detall
how you create a new object when you want one.



Creating New Objects. Constructors

Y ou cdl aconstructor to create anew object. A constructor isa specia kind of method that you write as part of a
class. It looks like an ordinary method, but a constructor magicaly alocates memory for anew instance of an object,
then executes the statements that you write in the constructor body. Y our statementstypicaly initidize thefieds of the
new object.

Like any method, a constructor needs to be given aname. A constructor also needs to indicate that its return typeis'an
object of the class that this constructor belongsto”. The Javadesign team choseto roll these two needs together, by
adopting the conventions that:

A congtructor has the same name as the classit belongsto.
A congructor iswritten without an explicit return type. In some sense, its nameisthe return type.

The purpose of acongtructor isto alocate and initidize anewly created object. Here€'s the Timestamp class with the
obvious congructor:

class Tinestanp {
int hrs;
int mns

i nt secs;

/1 a constructor returns a new Ti nestanp obj ect
/1 inplicitly allocates nenory for the object
/1 explicitly initializes the fields of the object
Ti mestanp() {
java. util. Cal endar now =
java. util. Cal endar. getlnstance();
hrs = now. get(java. util. Cal endar. HOUR OF _DAY);

now. get (j ava. util. Cal endar. M NUTE)

m ns

secs now. get (j ava. util. Cal endar. SECOND) ;



M ore About M ethods

Methods are the OOP name for functions. A method is dways declared ingde aclass; methods can't exist outsde a
class. A method hasthis generd form:

[View full Szeimege]

The parts marked "opt" in the previous example are optiona, and we will ded with thesein due course. An example
method may look likethis

void setValue(int i) {

sonmething = i;

The main routine, where execution arts, is another example:

Arguments and parameters

What's the difference between an argument and a parameter? Here's a bit of terminology which isfrequently ignored. A
parameter is any variable declared within the method signature. Thelist of parametersis enclosed in parentheses. Each
parameter conssts of atype name followed by avariable name. In the code fragments shown previoudy, i isanint
parameter to setVaue(), and argsisa String array parameter to main(). Parameters are sometimes called "formal
parameters'.

Arguments only appear in calsto amethod. An argument isthe actud value used in aparticular cal to afunction. If we
invoke sstVduetwicelikethis:



Variable-Arity Methods

Arity isacomputer science term meaning the number of arguments amethod or operator takes. It was originaly a
joking term, taken from "polarity” meaning the number of poles something has, o by extension "arity” must mean
"number of". Well, just like your mother told you if you pulled aface it would gtick like that, the term arity stuck.

In some languages, methods may have variable-arity which meanstheir last or only argument is
actudly aligt of arguments. Congratulaions, with JDK 1.5, Javais now one of the languages with
variable-arity! Thisisanother hack that was put in Java because some engineersredly liked C's
printf() function, and wanted Javato have the same convenience.

Luckily, variable-arity (also caled var-args by some) has been implemented in avery straightforward way in Java.
Here'sthe code you writeto tell the compiler "thisisavariable-arity method" in Java:

public PrintWiter format(String format, bject... args)

This declaration actualy comesfrom the AP classjavaio.PrintWriter. Thethree dotstell the compiler "argsisa
sequence of Objects’, so thisisavariable-arity method. Inside the body of format(), the args parameter isregarded as
type "array of Object”, i.e. it isexactly asthough the method were declared:

public PrintWiter format(String format, oject[] args)

Whereyou see adifferenceisin calsto variable-arity methods. If the last parameter is declared with those three dots
known as an dlipss, then you can cal the method with avariable number of objects asthat last parameter. They will be
automatically assembled into an array for you.

So you can makeacdl likethis

nyPWformat( nyFormatStr, t1, t2 );



Packages

There are severd keywordsthat control the visibility of aclass or the members of aclass. Access Modifiers on page
103 summarizes these modifiers (private, no keyword, protected, and public). Some of these access modifiers apply to
packages, so well start with the "how and why" of Java packages.

What a packageis

When you're just writing afew programsfor your personal use, you can put the classesin any old directory and use any
old names. When you have ateam of twenty programmers working on five different software products that interact, you
need a better way to organize your filesthan "putting them in any old directory.”

Java uses the term package to mean a collection of related classesthat form alibrary, and which are kept together in the
same directory. Strictly speaking, packages and classes do not have to be directories and files. The Java Language
Specification iswritten to alow implementations to store code in a database or any other kind of repostory, and some
IDEsdo just that. However, "package equasdirectory” and "class equasfile’ isthe smplest implementation, and the
best way to understand the topic.

Package naming rules

A package name needs to match the directory name where the source and classfiles are stored. So a package caled
"javalang" must haveits dassfilesin adirectory wherethe last part of the pathnameis javalang (on Windows) or
javallang (on Unix, Linux, the Mac, etc). Java uses the computer's filesystem to organize and |l ocate packages.

The requirement meansthat if you know the name of aclass, you dso know whereto find it (aslong as you know
whereto begin looking). Classesthat are part of the same package will bein the same directory. It smplifiesthings for
the compiler-writer, and gives the programmer lessto remember.

Packaging classes

How do you tell the compiler that aclass D is part of some package, likeab.c ? It'ssmplicity itsef—just put the
sourceinfilealb/c/D . javaand write thefirg few linesin thefilelikethis.

package a. b.c;
class D {

/* nore code */



How the JDK Finds Classes

Unlike many other language or compiler systems, Java doesn't link all your code into one big, freestanding program.
Instead, it leaves everything in separate classfiles. Packages, and hence directory paths, impose some order on that. The
JDK aways knowswhereto find the Javarun-time library classes, but the run-time classloader till needsto know
whereto find your classes.

Thefirgt point to noteisthat you can zip dl your classfilesinto ajar file, so you don't really need umpteen levels of
directory on the customer's system. A jar file (Java Archive) works exactly like a zip file and can be used to store a
whole directory treein asinglefile. Y ou can put other filesthat the gpplication needs, such asimagefiles, sound files,
and trandations for Strings, in the jar, too. Then you haveto put thejar file (or the complete directory tree) where Java
canfindit, or tel Javathe possible placesto look for it. You can even set ajar file up so it will execute whenitsiconis
double-clicked.

How to createajar file

Y ou can create your own jar files by using standard WinZIP, other software, or the jar utility that comes with the JDK.
Thejar program has acommand line that looks like thisin generd form:

jar [ options ] [rmanifest] destination input-file [input-files]

The optionsthat jar takes are Smilar to those of tar—the Unix tape archive utility—but the formats are different, and tar
filesare not used in Java. To create acompressed archive of dl the classfilesand .jpg filesfor package a.b.c, you
would use the commands

cd parent-of-a

jar cvf nyJdarFile.jar a/b/c/*.class a/b/c/*.jpg

Don't forget that once you put some codein ajar, it's not enough to recompile when you change something. Y ou must
aso rebuild the jar file with the new .class; otherwise, you'll continue to get the old version of the program. Don't
encrypt thejar file. Since JDK 1.2 there has been an option to update (replace afilein) an exigting jar file. The example
below shows how to replace the file Foo.classin archive myJarFilejar.


http://developer.apple.com/java/javatutorial/doubleclick.html
http://mindprod.com/jgloss/jar.html

Access Modifiers

It'simportant to know the information in this section, but you can skim through it on thefirst reading. It explains how we
can use keywords to make things more widdly or narrowly visible.

There are three or four keywords that are applied to class members. These keywords are collectively called the access
modifiers. By default, amember isonly visibleto classesin its own package. Certain keywords make them visbleinsde
the class (only), or inside the inheritance hierarchy, or to classesin other packages.

Access modifiersfor a class

Class declarations can be nested inside other classes. It's adesign choice you'd make when the nested classis a helper
or utility for thetop level class. E.g. thetop leve classjavalang.Character contains anested class called
javalang.Character.UnicodeBlock.

package j ava. | ang;
public class Character { /* a top level class */
/* lots of code */

public class UnicodeBlock { /*a nested class*/ }

That nested class organizes and gives namesto severa chunks of Unicode characters. Y ou've got your Basic Latin
block, your Extended L atin block, your Greek block, your Cyrillic block, and so on all the way to the Chinese and
Japanese character blocks. The UnicodeBlock class was put inside Character because it provides some services
intimately tied to Character. However it is public so anyone can useit (e.g. to test if acertain character isin the range of
Greek characters).

Most of the classes you write will betop level (not nested) classes. Top level classesare dwaysvisible to other classes
in the same package. They are only visible in other packages when you prefix the class definition with the access
modifier "public’. Theterm "visble' means you can see and access the resource (call amethod, read afield, whatever it
i). Here are the two cases of visihility of atop level class:

If you don't use any access modifier



Exercises

Digtinguish between class and object, member and field, primitive type and classtype.

Write asample program that demonstrates the compiler will not let you access a private member from another
class, but that you can write a public accessor function to set the value of aprivatefied. (Compilethe first part,
compile and run the second part.)

Write aclass with agtatic block, some constructors, and instance initidizers that print out the order in which
these are executed.

Describe why a setSomething() method is often given protected visibility.



Some Light Relief—It'sNot Your Father'sIBM

Probably the biggest sngle supporter of Javais|BM. Thelargest computer company on the planet demondirates its
support with products, with research, with free downl oadable code, and with open participation in the user community.
IBM's Javainitiative mirrorsits Linux initiative. The company supports these two technologies for the same reasons.
software compatibility across product lines, freedom from proprietary operating systemsthat IBM doesn't own, and
recognition that these technol ogies have become amgor forceinIT.

IBM announced in 2000 that it would invest $1 billion in Linux, and did exactly that. In 2004, IBM announced aplanto
migrate al itsinterna desktop PCsto Linux! Thisisn't "the sandard iswhatever we sdll" IBM of ageneration ago. The
company isshowing anew facethat islively, cooperative, and engaging. For example, to show how the Linux operating
sysemisviable acrossdl platforms—from large enterprise serversto the smallest embedded devices—IBM
demonsirated awristwatch-sized Linux device at a San Jose conferencein August 2000 (see Figure 5-1). The
wristwatch had wirel ess capability, and could be used to read email. It ran Linux 2.2 and the X window system!

Figure5-1. ThelBM Linux wristwatch

Now, granted awristwatch running Linux is not the big dedl today that it wasin 2000, but it'sameasure of IBM's
commitment to Linux. On the Javasde, IBM hasreleased alarge amount of useful software through its Alphaworks
early release research program. One Java package that you can download from Alphaworks is the Robocode software.

Robocodeisan intriguing "learn Javawhile having fun with agame’ system. Recreetiond softwareis one of the last
things | would have expected to come out of IBM! The game part is shown in the screenshot in Figure5-2. Thereisa


http://robocode.alphaworks.ibm.com/home/home.html

Chapter 6. Static, Final, and Enumerated Types

What Fidd Modifier satic Means

What Field Modifier fina Means

Why Enumerate a Type?

Statements Updated for Enumerations

More Complicated Enumerated Types

Some Light RelieF—The Haunted Zen Garden of Apple

Enumerated types were brought into Javawith the DK 1.5 release. They are not anew ideaiin
programming, and lots of other languages aready have them. Theword "enumerate’ means "to
specify individudly”. An enumerated type is one where we specify individudly (aswords) dl the
legd valuesfor that type.

For atype that representst-shirt Sizes, the values might be small, medium, large, extral_arge. For abread flavorstype,
some va ues could be wholewhest, ninegrain, rye, french, sourdough. A DaysOf TheWeek enumerated type will have
legal values of Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday.

The vaues haveto beidentifiers. Inthe USA, ladies dresssizesare 2, 4, 6, 8, 10, 12, 14, 16. Asa Java enumeration,
that would have to be represented in words as two, four, or any other charactersthat form an identifier, such assize2,
Szed etc.

When you declare a variable that belongs to an enumerated type, it can only hold onevadue a atime, and it can't hold
vauesfrom some other type. A t-shirt Sze enum varigble can't hold "large’ and "small" smultaneoudy, just asan int
can't hold two vaues smultaneoudy. Y ou can't assign "Monday" to at-shirt Size variable. Though enumerated types
aren't essentia, they make some kinds of code more readable.

enum isa new keyword

Althouoh JDK 1.5 introduced extensive language chanaes, "enum'' isthe only new keyword brought into



What Field M odifier static Means

We have seen how aclass defines the fields and methods that are in an object, and how each object hasits own storage
for these members. That isusudly what you warnt.

Sometimes, however, there arefields of which you want only one copy, no matter how many instances of the class
exist. A good exampleisafield that represents atota. The objects contain theindividual amounts, and you want a
snglefield that representsthe total over dl the existing objects of that class. Thereis an obvious place to put this kind of
"one-per-class’ field too—in asingle object that represents the class. Static fields are sometimes called " class variables'
because of this.

Y ou could put atotal field in every object, but when the total changes you would need to update every object. By
meaking total adtatic field, any object that wantsto reference total knowsit isn't instance data. Instead it goesto the
class and accesses the single copy there. There aren't multiple copies of agatic field, so you can't get multiple
inconsstent totals,

Staticisareally poor name

Of dl the many poorly chosen namesin Java, "dtatic” istheworst. The keyword is carried over from the
C language, where it was applied to storage which can be allocated staticaly (at compiletime).
Whenever you see"gatic” in Java, think "once-only" or "one-per-class.”

What you can make static

Y ou can apply the modifier gatic to four thingsin Java:

Data Thisisafield that belongsto the class, not afield that is stored in each individual object.

Methods. These are methods that belong to the class, not individua objects.

Blocks. These are blockswithin aclass that are executed only once, usudly for someinitiaization. They arelike
ingtanceinitializers, but execute once per class, not once per object.

Classes. These are classes that are nested in another class. Static classes were introduced with JDK 1.1.



What Field M odifier final Means

This section looks at final, which makes something congtant. Why was the word "congt" or "congtant” not chosen?
Because "find" can aso be applied to methods, aswell as data, and the term "final" makes better sensefor both.

A classor aclassmember (thet is, adatafield or amethod) can be declared find, meaning that onceit isgiven avaueit
won't change. We will look at what it means for aclass or amethod not to changein Chapter 8. A couple of find data
declardtions are:

final static int nyChecksum = calculatelt();
final Tinmestanp noon = new Tinmestanp(12, 00, 00);

final int universal Answer = 42;

When areference variable is declared fina, it means that you cannot change that variable to point at some other object.
Y ou can, however, access the variable and changeits fields through that find reference variable. The referenceisfina,
not the referenced object.

JDK 1.1 introduced the ahility to mark method arguments and variables|ocal to amethod asfinal, such as

voi d sonmeMet hod(final MyClass ¢, final int a[]) {
c.field = 7; /1 all owed

a[0] = 7; /1 allowed

c = new WC ass(); // final nmeans this line is NOT allowed

a new i nt[13]; /1 final means this line is NOT allowed

Programmersrardly usethis, because it clutters up the signature and makes the parameter names harder to read. That's
apity. Marking adeclaration asfina isaclueto the compiler that certain optimizations can be made. In the case of find
primitive deta, the compiler can often substitute the value in each place the name is used, in an optimization known as
constant propagation. As my friend, talented compiler-writer and builder of battle robots Brian Scearce pointed out,
that in turn may lead to other optimizations becoming possible.



Why Enumerate a Type?

Heresthe older gpproach of smulating enumerations:

class Bread {
static final int whol ewheat = 0O;
static final int ninegrain = 1;
static final int rye = 2;

static final int french = 3;

Y ou would then declare an int variable and let it hold values from the Bread class, eg.

i nt todaysLoaf = Bread.rye;

Drawbacks of using intsto enumer ate

Using find intsto represent valuesin an enumeration has at least three drawbacks.

All the compiler tools (debugger, linker, run-time, etc.) still regard the variables asints. They areints. If you ask
for the value of todayslodf, it will be 2, not "rye"’. The programmer has to do the mapping back and forth
mentaly.

The variables aren't typesafe. There's nothing to stop todaysloaf getting assigned avalue of 99 that doesn't
correspond to any Bread value. What happens next depends on how well the rest of your code iswritten, but
the best caseisthat some routine notices pretty quickly and throws an exception. The worst case isthat your
computer-controlled bakery triesto bake "type 99" bread causing an expensive sticky mess.

Use of integer constants makes code "brittle” (easily subject to breakage). The constants get compiled into



Statements Updated for Enumer ations

Two statements have been changed to make them work better with enumerations. the switch statement, and the for
Satement.

Using afor statement with enums

Language designers want to make it easy to express the concept "lterate through al the valuesin this enumeration type'.
There was much discussion about how to modify the"for" loop statement. It was donein a clever way—by adding
support for iterating through al the valuesin any array.

Hereisthe new "get al dementsof an array” syntax added to the "for" statement.

/1 for each Dog object in the dogsArray[] print out the dog's nane
for (Dog dog : dogsArray ){

dog. print Name() ;

Thisstyle of "for" statement has become known asthe "foreach” statement (which isredly goofy, becausethereisno
each or foreach keyword). The colonisread as"in", so thewholething isread as "for each dog in dogsArray”. The
loop variable dog iterates through dl the dementsin the array starting at zero.

Zermelo-Frankel set theory and you

Keywords don't have to be reserved words. So keywords don't have to be prohibited for use as
identifiers. A compiler can look at the tokens around a keyword and decide whether it isbeing used asa
keyword or an identifier. Thisis called context-sengtive parsing.

| would have preferred an actual keyword "in" rather than punctuation, but the colon has been used this
way in Zermelo-Frankd set theory by generations of mathematicans. It'sjust syntactic sugar. And if
we've aways done something thisway, hey, don't not go for it.

1 I9na the nan foreach feati ire we can now write averyy bhrief nrooram that echoe<s the arail iment< from the command


http://www.afu.com/jj6

More Complicated Enumerated Types

Since enums are effectively classes, you can do pretty much everything with them that you can do with aclass. In
particular, you can provide one or more congtructors for an enum type! That may seem alittle weird to you (it doesto
me), because you never cal an enum congtructor anywherein your code, or usethe "new" operator to ingtantiate an
enum. The definition of an enum brings the class enum congtantsinto existence. Y ou alwayswork with static fields of an
enum, not instances.

Y ou might want to write a congtructor when you have enumerations with a close reationship to numeric values. An
exampleisan enumeration of hens egg sizes, shownin Table 6-1. Inthe U.S,, these are the names and weights
associated with eggs:

Table 6-1. U.S. names and weights associated with eggs

Name weight per dozen
Jumbo 300z
Extralarge 27 0z
Lage 240z

Adding constructorsto your enums

We're going to create an enum class called egg, with enum congtants of jumbo, etc. Y ou can tie arbitrary datato each
enum congtant by writing a constructor for the enum class. In other circumstances, a congtructor has the same name as
the class, so you'd expect it to be called egg here. And indeed it is, but that's not the full story. Y ou declare an enum
constant (jumbo, etc) and that name declaration is regarded as a call to your constructor. Y ou may pass data vaues as
argumentsto the call. Arguments are passed in the usua way, by enclosing the comma-separated list in parentheses.

Putting it together, the enum now lookslikethis:

enum egg {
// the enum constants, which "call" the constructor
j unbo(30.0),

extralLarge(27.0),



SomeLight ReliefF—The Haunted Zen Garden of Apple

I've dways made apoint of exploring new and unfamiliar places, particularly when I'm trying a new shortcut and forgot
to bring the map with me. My colleague Lefty isjust the opposite. Lefty (who | taught to count on hisfingersin
binary—you can count up to 1023 that way) likesto stick to paths so well beaten they are practicaly pulverized.

Lefty and | were on the Apple Computer campus in Cupertino, Cdifornia. If you know the area, we werein the
Bandley 3 building, and late for amesting in nearby De Anza 7. Y ou can dmost see these two buildings from each
other, so | was practically surethat if we jogged through the parking lots as the crow flies, wed get to De Anza 7 in the
shortest amount of time.

"1 hope you're not trying one of your shortcuts,” accused L efty as he sprinted behind me, vaulting over fences and
bushes. "Don't beridiculous!” | retorted. We would have arrived dmost on timetoo, if my shortcut hadn't taken us
through asmal and mysterious grove of trees at the Sde of the De Anza 7 parking lot. Lefty ran into the grove, then
draight into alarge waist-high stone.

Figure 6-2. The Haunted Zen Garden of Apple (De Anza 7 in background)

The big southpaw went down with acurse that would curl the hair of asoftware architect. While he threshed on the
ground, mouthing incoherent criticism of me and shortcuts, | examined the stone with interest. It appeared to bea
tombstone covered in Japanese writing.

| tried to redirect his attention to the mysterious stone "Check thisout Lefty,” | noted, "It'sjust like that dab on Jupiter in
2001!". Hisreply cannot be printed in atext that family members may read. Looking around more widdly, | wasvery
surprised to see that the grove was an abandoned Zen garden. My first thought was to wonder if the tombstone meant



Chapter 7. Names, Operators, and Accuracy

Keywords

Punctuation Terminology

Names

|dentifiers

Expressons

Arrays

Operators

Asodiativity

How Accurate Are Calculations?

Widening and Narrowing Conversons

What Happens on Overflow?

Some Light Relief—Furby's Brain Trangplant

This chapter covers more of the language basics. The information here follows a progresson: firg, the basics of names
and identifiers, then how names are connected in expressions by operators, followed by the rulesto evauate
expressons.

Thelast part of the chapter describes practical limits on accuracy, casting and conversions. If you are new to floating
point arithmetic, some of thismay come as abit of ashock. The chapter finishes up by presenting the standard class
javalang.Math.



Keywords

abst ract
assert
bool ean
br eak
byt e
case
catch
char

cl ass

const

Keywords are reserved words, which means they cannot be used asidentifiers. Java now has 50
keywords ("enum" became akeyword in JDK 1.5). These are the keywords.

conti nue
def aul t
do
doubl e
el se
enum

ext ends
final
finally

fl oat

for

goto

i f

i mpl ement s
i mport

i nst anceof
i nt
interface
| ong

nati ve

new
package
private
pr ot ect ed
public
return
short
static
strictfp

super

switch
synchroni zed
this

t hr ow

t hr ows
transi ent
try

voi d

vol atile

whi | e

The keywords const and goto are reserved words, even though they are not used anywherein Java. Thisalows future
expanson, or (unlikely but claimed) better diagnostic messagesif a programmer uses them in away they might be used

in C++.

Thewords"true' and "false’ ook like keywords, but technicaly they are boolean literals. Smilarly, " null”" lookslike it
should bein the keyword ligt, but it istechnically the null litera for reference types. The classfication of these three
words asliteras, not keywords, doesn't have any subtle side effects, and it keeps the type system a bit cleaner.



Punctuation Terminology

Y ou might find it useful to refer back to thistable in the chapters ahead.
These characters are called parentheses: (). They go around expressions and parameter lists.
These characters are called square brackets: [ ]. They go around array indexes.

These characters are called braces or curly braces: { }. They indicate the start and end of anew block of code, or an
aray literd.

These characters are called angle brackets: < >. They go around generic parameters.

Thedlipsstoken ... cameinto Javain JDK 1.5. It indicates the last argument to amethod isa
sequence of objects.



Names

What isthe difference between an identifier and aname? An identifier isjust a sequence of letters and digitsthat don't
match akeyword or theliterds"true,” "false" or "null." A name, on the other hand, can be prefixed with any number of
further identifiersto pin-point the namespace from which it comes. Anidentifier isthusthe smplest form of name. The
genera case of namelooks like thefollowing:

packagel. Package2. PackageN. Cl ass1. Nest edCl ass2. Nest edC assM nenber N

Since packages can be nested in packages, and classes nested in classes, there can be an arbitrary number of identifiers
Separated by periods, asin:

java.l ang. Systemout. println( "goober” );

That name refersto the javalang package. There are severd packagesin the javahierarchy, and javalang isthe one
that contains basic language support. One of the classesin the javalang package is System. The class System containsa
field that isan object of the PrintStream class, cdled out. PrintStream supports several methods, including one caled
printin() that takes a String as an argument. It'saway to get text sent to the standard output of a program.

By looking at alengthy nameinisolation, you can't tell where the package identifiers stop and the class and member
identifiers start. Y ou have to do the same kind of evaluation that the compiler does. Since the namespaces are
hierarchicd, if you have two identifiersthat are the same, you can say which you mean by providing another leve of
name. Thisiscaled qualifying the name. For example, if you define your own class caled BitSet, and you aso want to
reference the class of the same namethat isin the java.util package, you can distinguish them like this.

BitSet nmyBS = new BitSet();

java.util.BitSet theirBS = new java.util.BitSet();

javautil qudifiesthe class name BitSet.



|dentifiers

Identifiers are the names provided by the programmer, and can be any length in Java. They must start with aletter,
underscore, or dollar sign, and in subsequent positions can also contain digits.

A letter that can be used for a Javaidentifier doesn't just mean uppercase and lowercase A—Z. It means any of the tens
of thousands of Unicode lettersfrom any of the mgor languagesin theworld including Bengdli letters, Cyrillic letters, or
Bopomofo symbals. Every Unicode character above hex 00COislegd in an identifier. Lega Javaidentifiers shows
some example vaid Javaidentifiers.

Table 7-1. Legd Javaidentifiers

cdories Haagen Dazs déconnage
99 Punetas fottio
i $ p

The more accented characters you usein your variable names, the harder it isfor othersto edit them and maintain the
code. So you should stick to the smple ASCII characters.
When afield or method can be forward-r eferenced

A forward reference is the use of aname before that name has been defined, asin the following:

class Fruit {

void setWeight() { grans = 22; } // grans not yet declared

i nt grarms;

The example shown compiles with no problem. Y ou can declare fieldsin any order, with one exception. Therule of
thumb isthat the compiler needsto see afidd beforeit isused in the initidization of another field:



EXxpressions

Theresalengthy chapter in the Java Language Specification on expressions, covering many cases that would be
interesting only to language lawyers. What it boils down to isthat an expressonisany of the dternatives shown in Teble
7-2.

Table 7-2. Expressonsin Java

Expression Example of expression
A literd 245

this object reference this

A fidld access now.hh

A method call now.fill Times()

An object creation new Timestamp( 12,0, 0)
An aray crestion new int[27]

An array access myArray[i][i]

Any expression connected by operators now.mins/ 60

Any expresson in parens (now.millisecs* 1000)

Y ou evaluate an expression, to get aresult that will be:

A variable (asin evauating this gives you an object you can Soreinto), or

A vaue, or

Nothing (avoid expression). Y ou get nothing as the result when you cal amethod with areturn value of void.

An expression can appear on ether sde of an assgnment. If it ison the left-hand Side of an assignment, the result
designates where the evauated right-hand side should be stored. Heré's an example:



Arrays

Thisisjust a confirmation that Java has arrays. When you see apair of square bracketslikethis| ], it dways means
you're dealing with an array. The full description of arrays hasits own chapter, Chapter 9.

An example array isthe set commandline arguments, which is passed to the main() routine as an array of Strings.

void main(String[] args) { /* code */ }

Theindividua elementsin an array can be any type: primitive or reference type. The array asawholeisan object in
Java. That means array types are reference types, and an array variableisredlly areference to an array object.



Operators

An operator is a punctuation mark that saysto do something to two (or three) operands. An example is the expression
"a* b". The"*" isthe multiplication operator, and "a" and "b" are the operands. Most of the operatorsin Javawill be
reedily familiar to any programmer.

One unusua aspect isthat the order of operand evaluation in Javaiswell-defined. For many older languages, the order
of evauation was been ddiberatdly left unspecified to alow the compiler-writer more freedom. In other words, in C and
C++, thefollowing operands can be evaluated and added together in any order:

i + myArray[i] + functionCall();

The function may be called before, during (on adventurous multiprocessing hardware), or after the array referenceis
evauated, and the additions may be executed in any order. If the functionCall() adjuststhe vaue of i, the overdl result
depends on the order of evaluation. The trade-off isthat some programs give different results depending on the order of
evauation. A professona programmer would consider such programsto be badly written, but they exist nonethel ess.

The order of evauation was |eft unspecified in earlier languages so that compiler-writers could reorder operationsto
optimize register use. Javamakesthe trade-off in adifferent place. It recognizes that getting consstent resultson all
computer systemsisamuch more important god than getting varying results atrifle faster on one system. In practice,
the opportunities for speeding up expression eva uation through reordering operands seem to be quite limited in many
programs. As processor speed and cost improve, it is appropriate that modern languages optimize for programmer
sanity ingtead of performance.

Java specifies not just |eft-to-right operand evauation, but the order of everything else, too, such as.

The left operand is eval uated before the right operand of abinary operator. Thisistrue even for the assgnment
operator, which must evauate the left operand (where the result will be stored) fully before starting any part of
evauating theright operand (what theresult is).

An array access hasthis genera form:



Associativity

Asocidtivity isone of those subjectsthat is poorly explained in most programming texts. In fact, agood way to judge a
programming text for any languageisto look for its explanation of associativity. Slenceisnot golden.

There are three factors that determine the ultimate val ue of an expression in any agorithmic language, and they work in
this order: precedence, associdtivity, and order of evaluation.

Precedence says that some operations bind more tightly than others. Precedence tells us that the multiplicationina+ b *
c will be done before the addition, i.e., we havea+ (b * c) rather than (a+ b) * c. Precedencetells us how to bind
operandsin an expression that contains different operators.

Asocidivity isthetie breaker for deciding the binding when we have severd operators of equal precedence strung
together. If wehave 3* 5% 3, should weevaduateitas(3* 5) % 3oras3* (5% 3) ?

Thefirstis15% 3, whichisO. Thesecond is3* 2, whichis6! Multiplication and the "%" remainder operation have the
same precedence, so precedence does not give the answer. But both operators *, % are |eft-associative, meaning when
you have abunch of them strung together you start associating operators with operands from the left. Push the result
back as anew operand, and continue until the expression isevaluated. In thiscase, (3* 5) % 3 isthe correct grouping.

Thereisno extracharge for parentheses. Use parentheses generoudly in expressions, so that future programmers (and
the compiler) can avoid imposing its own view about how you wanted the operands grouped.

Associativity isaterrible name for the process of deciding which operands belong with which operators of equal
precedence. A more meaningful description would be, "Code Order For Finding/Evaluating Equal Precedence
Operator Textdrings." Thisisthe " COFFEEPOT property” mentioned in Table 7-3.

Note that associativity dedls solely with deciding which operands go with which of a sequence of adjacent operators of
equal precedence. It doesn't say anything about the order in which those operands are evaluated.

Order of evauation, if it is gpecified in alanguage, tells us the sequence for each operator in which the operands are
evauated. In adrict left-to-right language like Java, the order of evaluation tellsusthat in (i=2) * i++, theleft operand
to themultiplication will be evauated before the right operand, then the multiplication will be done, yielding aresult of 4,
withi set to 3. Why isn't the auto-increment done before the multiplication? It has a higher precedence after dl. The
reason is because it isapost increment, and so by definition the operation is not done until the operand has been used.

In C and C++, thisexpresson is undefined because it modifies the same vaue more than once within an expression. It is
legal in Java because the order of evauation iswell defined.



How Accurate Are Calculations?

The accuracy when evauating aresult isreferred to as the precision of an expression. The precision may be expressed
either as number of bits (64 bits), or asthe data type of the result (double precision, meaning 64-bit floating-point
format).

The precision of an expression

In Java, the precision of evaluating an operator depends on the types of its operands. Javalooks at the types of the
operands around an operator and picks the biggest of what it sees: double, float, and long, in that order of preference.
Both operands are then promoted to thistype, and that isthe type of the result. If there are no doubles, floats, or longs

in the expression, both operands are promoted to int, and that is the type of the result. This continuesfrom left to right
through the entire expression.

A Javacompiler followsthis agorithm to compile each operation:

If either operand isadouble, do the operation in double precision.

Otherwisg, if either operand isafloat, do the operation in single precision.

Otherwisg, if either operand isalong, do the operation at long precision.

Otherwise, do the operation at 32-bit int precision.

In summary, Java expressions end up with the type of the biggest, floatiest type (double, float, long) in the expression.
They are otherwise 32-hit integers.

Limited significant figuresin floating-point numbers

The precison tells you how many bitsyou get in your answer. But if your caculation involves floating point, you aso
have to be wary about the limited accuracy of the answer. Accuracy isnot just the range of values of atype, but dso
(for red types) the number of significant figuresthat can be stored. The typefloat can store some numbers exactly, but
in generd you can only count on about Six to seven digits of sgnificant figures. When along (which can hold at least 18
places of integer vaues) isimplicitly or explicitly converted to afloat, some precison may be lost theretoo. Hereésan
example showing loss of precision when floating along and casting back.

nith!l 1 ~ Al ace | Nnavart 2 [
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Widening and Narrowing Conversions

This section provides more details on when acast is needed, and a so introduces the terminology of type conversions.
Thisisexplained in terms of an assignment between one variable and another, and exactly the same rules apply inthe
transfer of values from actud parametersto forma parameters.

When you assign an expression to avariable, aconverson must be done. Conversions among the primitive types are
ether identity, widening, or narrowing conversons.

Identity conversions are an assgnment between two identicdl types, like an int to int assgnment. The conversion
istrivid: just copy the bits unchanged.

Widening conversions occur when you assign from aless capacious type (such as a short) to amore capacious
one (such asalong). Y ou may lose some digits of precision when you convert either way between an integer
type and afloating point type. An example of this gppeared in the previous section with along-to-float
assgnment. Widening conversions preserve the approximate magnitude of the result, even if it cannot be
represented exactly in the new type.

Narrowing conversons are the remaining conversons. These are assgnments from one typeto adifferent type
with asmaller range. They may |ose the magnitude information. Magnitude means the largeness of anumber, as
in the phrase"order of magnitude.” So aconversion from along to abyte will lose information about the millions
and billions, but will preserve the least Sgnificant digits.

Widening conversons are inserted automatically by the compiler. Narrowing conversions ways require an explicit cast.

Expressons are evauated in one of the canonicd types (int, long, float or double). That meansif your expressionis
assigned to anon-canonical type (byte, short, or char), an identity or a narrowing conversion will be required. If a
narrowing conversion is required, you must write acast. The cast tellsthe compiler, "OK, | am aware that the most
sgnificant digitsare being lost here. Just go ahead and doit.” Now it should be clear why we haveto useacast in:

byte | oN bble = (byte) (byteMe & OxO0F);

Each operand in the expression "byteMe & OxOF" is promoted to int, then the "and" operation is done yielding a 32-bit
int result. The variable receiving the expression is an 8-bit byte, so anarrowing converson isrequired. Hence, the cast
"(byte)" is gpplied to the entire right-hand side result to mollify the compiler.
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What Happens on Overflow?

When aresult istoo big for the type intended to hold it because of acast, animplicit type
conversion, or the evaluation of an expression, something hasto give! What happens
depends on whether the result typeisinteger or floating point.

Integer overflow

When an integer-valued expression istoo big for itstype, only the low end (least Sgnificant) bits get stored. Because of
the way two's-complement numbers are stored, adding one to the highest positive integer vaue gives aresult of the
highest negative integer value. Watch out for this (it'strue for dl languages that use standard arithmetic, not just Java).

Thereisonly one casein which integer calculation ceases and overflow is reported to the programmer: division by zero
(using/ or %) will throw an exception. To "throw an exception” is covered in Chapter 10. It meansthe flow of contral is
changed to go to an error-handler that you provide.

Thereisaclasscdled Integer that is part of the standard Javalibraries. It contains some useful congtants relating to the
primitivetypeint.

public static final int M N_VALUE = 0x80000000; // class Integer

public static final int MAX VALUE = Ox7fffffff; // class |Integer

Therearesmilar vauesin therelated class Long. Notice how these constants (findl) are dso satic. If somethingis
constant, you surely don't need acopy of it in every object. Y ou can use just one copy for the whole class, so makeit
gétic.

One possible use for these constants would be to evaluate an expression at long precision, and then compare the result
to theseint endpoints. If it is between them, then you know the result can be cast into an int without losing bits, unlessit
overflowed long, of course.

Floating-point overflow
When afloating-point expression (double or float) overflows, the result becomesinfinity. When it underflows (reechesa

vauethat istoo smal to represent), the result goes to zero. When you do something undefined like divide zero by zero,
you get aNalN. Under no circumstancesis an exception ever raised from afloating-point expression.



Some Light Reliefl—Furby's Brain Transplant

The smash hit toy of Christmas 1998 was Furby. Furby was designed by Cdifornian toy inventor Dave Hampton. Part
of Dave's motivation to develop Furby was areaction against the previous "virtua pet,” the Japanese Tamagotchi.
Tamagotchis are bland, inert lumps of plastic. Dave knew he could do better, and he created a fur-covered toy that
angs, farts, and wobbles—sometimes all at once. No kid could resist that. In 1998, Furby sold over two million units,
and they were actudly being rushed by air from mainland Chinafactoriesto satisfy U.S. market demand! Toyshavea
limited life. Furby wasred hot in 1998, warm in 1999, and by 2000 you could buy onefor $9.99 in Target.

Furby isan animated doll about 7 inches high. It lookslike a Gremlin from the 1984 movie of that name, and toy
distributor Hasbro had to settle an infringement claim from Warner Brothers. Inside, Furby is packed with arich
assortment of devices. It has amicrophone, aloudspeaker, infrared transmitter/receiver, light detector, speech
generation chip, CPU, EEPROM, and RAM. It has amotor and various cams to animate ears, eyes, body, etc.
Obvioudy, it was imperative to take one of these gpart and reprogram it for more useful tasks.

Unfortunately, at some point in the past, Furby architect Dave Hampton had been rudely surprised by " potty-mouth
Barney," and he was determined that no one would pull the same stunt with Furby. There was another reason to make it
difficult to reverse-engineer Furby: to prevent other toy companies from copying the technology. The world of children's
toysis (apparently) acutthroat, rapacious, dog-eat-dog world, where intellectual property is Napstered on adaily

bas's, and only the strong survive. The main defense againgt reverse-engineering Furby was a brittle epoxy shell that
completely encased Furby's CPU, ROM, RAM, audio data, and the I/O interfaces such as driver trangstors and an
andog-digita convertor.

The epoxy made it impossible to clamp alogic andyzer onto the CPU, read the bustraffic, and dump out the control
program. It isimpossible to chip or grind off the epoxy without destroying the components underneeth. Certain U.S.
government |abs are equipped with the right acids and neutralizers to break into equipment like this. But | don't know
anyone at the CIA or NSA, and this didn't seem like the right project to introduce myself. Furby's software and sound
datais not ble for reading, writing, disassembly, replacement, or even examination. There are no exposed
data/address buses, interrupt lines, or 1/0 lines other than those that directly drive the peripherals. Conclusion:
Reprogramming Furby would require junking the existing CPU and fitting another CPU and memory—effectively, a
Furby brain transplant.

So | issued the "Hack Furby" chalenge from my website at afu.com (where | aso keep the Java Programmers FAQ).
The Hack Furby challenge offered a cash prize for the first person to reverse-engineer Furby or retrofit it with a
different CPU. It was similar to chalengesissued in the early days of aviation. Almogt dl the early aviation
milestonece—RIariot'< flioht acroe<sthe channd Alcock and Rrown acros<the Atlantic | indberah'c alo Atlantic
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Chapter 8. More OOP—Extending Classes

Inheritance
Polymorphism

The Class Whose Name Is Class

Exercises

Some Light Relief—The Nerd Detection System

We now cometo the main part of object-oriented programming, covering inheritance and polymorphism. Despite the
unusua names, they describe some clean concepts. Y ou need a solid understanding of inheritance and polymorphism to
program in an object-oriented language and to use some of the Javalibrary routines.

Aswe have seen severd times, inheritance means basing anew class on aclassthat is dready defined. The new class
will extend the exigting classin someway. Just asinheritancein red lifeis"what you get from aparent,” inheritancein
OOPis"what you get from aparent class." Every class has oneimmediate parent class. Thisis either a parent that you
name explicitly or the parent that you get implicitly. Theimplicit parent you get if you don't name one explicitly is
javalang.Object.

class A { /*code*/ }

Isequivaent to:

class A extends java.lang. Object { /*code*/ }

The classjavalang.Object isthe ultimate parent class of al classes. The phrase"class A extends B" is how you indicate
that A isachild of classB. A child classis aso known as asubclass or subtype. A subclass can access dl the



| nheritance

In this section we are going to look at a redl-world example of type inheritance, and turn that into code fragmentsto
give you asolid understanding of the big picture. Then well ook at amore substantial example of inheritancein OOP,

and present that in terms of acomplete program you can typein and run.

Real-world example of inheritance

To see what inheritance meansin practice, consider area-world example of the Linnaean taxonomy of the animal
kingdom, as shown in Figure 8-1.

Figure 8-1. A real-world example of an inheritance hierar chy

Animas are classfied by whether they have aspina cord or not. Devel oping the example with code, we have:

class Animal { }

cl ass Chordata extends Aninmal { final bool ean spine=true; }



Polymor phism

Polymorphism isacomplicated name for astraightfoward concept. It is Greek for "many
shapes,” and it merely means using the same one nameto refer to different methods. "Name
reuse" would be a better term. There are two types of polymorphismin Java: theredly easy
kind (overloading) and the interesting kind (overriding).

Overloading

Theredly easy kind of polymorphismis caled overloading in Javaand other languages, and it meansthat in any class
you can use the same name for severa different (but hopefully related) methods. The methods must have different
sgnatures, however, so that the compiler can tell which of the synonymsisintended.

Here are two overloaded methods:

public static int parselnt(String s) throws Nunber For mat Excepti on
public static int parselnt(String s, int radix)

t hrows Nunber For mat Excepti on

These methods come from the classjavalang.Integer class wrapper for the primitive type int. Thefirst method triesto
interpret the String as an int, and return the corresponding binary int value. The second method does the same thing, but
uses an arbitrary base that you specify. Y ou could parse a hexadecima String by supplying 16 as the radix argument.

The return type and the exceptions that amethod can throw are not looked at when resolving same-named functionsin
Java

The /O facilities of alanguage are onetypicd place where overloading is used. Y ou don't want to have an 1/O class
that requires a different method name depending on whether you are trying to print ashort, an int, along, and so on.
Y ou just want to be ableto say "print(thing)."

Overriding

The second, more complicated kind of polymorphism, true polymorphism, isresolved dynamicaly at run-time. It occurs
when a subclass class has amethod with the same signature (number, type, and order of parameters) as amethod in the
superclass. When this happens, the method in the derived class overrides the method in the superclass. Methods cannot
be overridden to be more private only to be more public.



The ClassWhose Name I s Class

Heré's where the terminology admittedly can get alittle confusing. We saw afew pages back that every object has
some Run Time Type Information associated with it. The RTTI for any object is stored in an object whose classis
caled "Class." Class could certainly use abetter, less sdf-referentid name, like Classinformation or just RTTI.

A big use of Classisto hep with loading new classes during program execution. A lot of other languages|oad an entire
program before they start execution. Java encourages dynamic loading. Classes only need to be loaded on demand
when they arefirgt referenced.

When you compile aclass called, say, Fruit, the compiler creates the bytecode file Fruit.class. When thefirst reference
to aFruit type or object is encountered at run-time, the VM asks the javalang.ClassL oader classto find and load that
classfile. Typicdly, the Classoader transformsthe fully qudified nameinto afile name and looksfor that in certain
placeslocaly (and for applets, it looks across the net back to the server). It will look in the directories on the class path;
itwill look inthe lib\ext directory in the run-timelibrary; it will look at any jar filesyou have named, and so on. If the
classfileisnot found, an error isreported. Otherwise the VM |oads the bytecode ingtructions into memory and
automatically creates a Class object to represent the class.

Class provides the information for checking casts a run-time, and it also lets a program introspect all the membersof a
class—the datafidds and the methods. These are systems programming activities, unlikely to occur in'your programs,
but providing Class makesit easy to program them without stepping outside the Javasystem. Y ou can safely skim over
the rest of this section and return when you have a specific need to look a RTTI.

To access the run-time type information for a class, you need an object of type Class. Y ou can get onein three ways.
Here's some code showing the dternatives:

hj ect o = new Ti nmestanp();

Class which = o.getd ass(); // getCass is a nethod in bject

or

O ass which = dass.forNane("Tinestanp"); // forNane is a static nethod



Exercises

What are the four attributes that distinguish object-oriented programming? What are some advantages and
disadvantages of OOP?

Givethree examples of primitive types and three examples of predefined Java classes (i.e., object types).

Wheat isthe default constructor, and when isit called? What is ano-arg constructor?

Describe overriding, and write some code to show an example.

Congder the following three related classes:

class Manmal {}
cl ass Dog extends Mammal { }

class Cat extends Mammal { }

There are these variables of each class;

Manmal m
Dog d = new Dog( );

Cat ¢ = new Cat( );

Which of these stlatements will cause an error at compiletime, and why? Which of these statements may cause
an error a run-time, and why?



Some Light Reliefl—The Nerd Detection System

Most people are familiar with the little security decalsthat €ectronic and other high-vaue stores use to deter shoplifters.
The sticker contains ametalic strip. Unless deectivated by astore cashier, the sticker sets off an darm when carried
past a detector at the store doors.

These security stickers are actuadly aform of antenna. The sticker detector sends out aweak RF signal between two
posts through which shopperswill pass. It looksfor areturn signa at a specific frequency, which indicates that one of
the stickers has entered the field between the posts.

All thistheory was obvious to acouple of Cdifornialngtitute of Technology students Dwight Berg and Tom Capdllari,
who decided to test the system in practice. Naturdly, they selected afreshman to (unknowingly) participate in thetrids.
At preregistration, after the unlucky frosh's picture was taken but before it was laminated onto his1.D. card, Dwight and
Tom fixed a couple of active security decals from local stores onto the back of the photo.

The stunt card was then laminated together, hiding the gimmick, and the two conspirators awaited further developments.
A couple of months later they caught up with their victim as he was entering one of the stores. Hewas carrying his
wallet above his head. In response to a comment that thiswas an unusua posture, the frosh replied that something in his
wallet, probably hisbank card, seemed to set off store darms. He had been conditioned to carry hiswallet above his
head after several weeks of setting off the darms while entering and leaving many of thelocal stores.

The frosh seemed unimpressed with Dwight and Tom's suggestion that perhaps the local merchants had installed some
new type of nerd detection system. Apparently though the comment got the frosh thinking, because on the next occasion
when he met Dwight he put him in a headlock until he confessed to his misdeed. Mora: Never annoy a computer
programmer.



Chapter 9. Arrays

Understanding and Creating Arrays

Arraysof Arrays

Have Array Brackets, Will Travel

The Math Package

SomeLight Reigf—Think Big (and Smdl)

In this chapter, we introduce arrays and describe how to use them. Arraysin Java have pretty much the same features
asarraysin many languages—the ability to sore multiple variables dl of onetype, and accessthem by an index vaue.



Understanding and Creating Arrays
There are some nest features that flow from Javas rule that arrays are objects. That's agood place to start reviewing
arrays.

Arraysare objects

When Java says arrays are objects, it means array types are reference types, and your array variableisredly a
reference to an array. What looks like the declaration of an array:

int day[];

isactualy avariable that will point to an array-of-ints when you create that array. Notice that the array sizeisnot
mentioned in the declaration. When wefindly fill in the pointer, it can point to any size of int array, and in the course of
execution you can assgn it different valuesto point to different arrays. Y ou can't suddenly make an int array point to a
char array, of course.

Here are some waysin which arrays are like objects:

They are objects because the language specification says so ("An object isaclassinstance or an array”, section
4.3.1).

Array types are reference types, just like object types.
Arrays are dlocated with the "new" operator, smilar to constructors.

Arraysare dways alocated in the hegp part of memory, never in the stack part of memory. Objectsfollow the
samerule.

The parent class of dl arraysis Object, and you can cdl any of the methods of Object, such astoString(), on an
aray.

On the other hand, here are some ways arrays are not like objects:



Arraysof Arrays

Well discuss how the terminology of arraysis not universally consistent among al programming languages. Javausesthe
terminology congstently, though. Then well show how to declare arrays of arraysin Java

Array terminology

The language specification saysthere are no multidimensona arraysin Java, meaning the language doesn't use the
convention of Pascal or Adato put severd indexesinto one set of subscript brackets. Adaalows multidimensiona
arayslikethis

year : array(1..12, 1..31) of red; Adacodefor
multidimensiona array.

year(i,j) = 924.4;

Adadso dlowsarraysof arrays, likethis:

type month isarray(1..31) of redl; Adacode for array of
arrays.

year : array(1..12) of month;
year(i)(j) = 924.4;

Perhaps Adaand Pascd areab it obscure these days, but | wanted to show you the different terminology and different
design choices these languages have made, compared with Java. In some cases the terminology in onelanguageisin
conflict with the terminology in another language. Make sure everyone has a consistent view of the terminology before
you sart designing your software.

What " multidimensional” meansin different
languages

The Javalanguage only has arrays of arrays, and it only callsthese arrays of arrays.

TheVisua Basic language only has multidimensiond arrays, and only cdls them multidimensond
arrays.




Have Array Brackets, Will Travel

Thereisaquirk of syntax in that the array declaration bracket pairs can "float" to be next to the eement type, to be next
to the data name, or to bein amixture of the two. Thefollowing aredl valid array declartions:

int al[] ;

int [] b={5 2 3} ;

char ¢ []]]

new char[ 12] [ 31];

char[] d []

{ {1,1,1,1}, {2,2,2,2} }; /] creates d[2][4]

char[][] e;

byte f []1[]1[] = new byte [3][3][7];
byte [1[] 9[] = new byte [3][3][7];
short [] h, i[], i, k[I1I[1;

If array brackets appear next to the type, they are part of the type, and apply to every variablein that declaration. In the
code above, " isan array of short, and "i" isan array of arrays of short. If the array brackets are next to the variable
name, they apply only to that variable name.

Allowing (encouraging, actudly) array brackets next to the type name is done so declarations of functions returning
arrays can be read more easily. Hereis an example of how returning an array value from afunction would look
following C rules. (You can't return an array in C, but thisis how C syntax would expressit if you could.)

int funarray()[] { ... } Pseudo-C code

Here arethe dternativesfor expressing it in Java (and it is permissiblein Java), first following the C paradigm:

intginger O[] { returnnew int[20];}  Javacode

A much better way isto expressit asshownin Figure 9-1.



The Math Package

Let'sintroduce another of the standard classes. Thisoneis called javalang.Math and it has a couple of dozen useful
mathematical functions and constants, including trig routines (watch out—these expect an argument in radians, not
degrees), pseudorandom numbers, square root, rounding, and the constants pi and e.

There are two methodsin Math to convert between degrees and radians:

public static double toDegrees(double); // newin JDK 1.2

public static doubl e toRadi ans(double); // newin JDK 1.2

Y ou'll need these when you cal thetrig functionsiif your measurements arein degrees.

Y ou can review the source of the Math package at $JAVAHOME/src/javallang/Math.javaand in the browser 1ooking
at the Java API.

How to invoke a Math.method

All theroutinesin the Math package are static, so you can invoke them using the name of the class, like
this

doubl e probability = java.lang. Math.randon(); // value 0.0..1.0

All the classesin javalang are automaticaly imported, so you can writethisas:



http://bugs.sun.com/bugdatabase/index.jsp

Some Light ReliefF—Think Big (and Small)

One early Javatechnology was applets—a Java program that runs in a browser. Someone who sets up awebsite can
serve up executable Java programs referenced from HTML pages. When auser browses such apage, the Javacodeis
downloaded to hisor her system, dong with the HTML text and images. A VM insde the browser (safely and
securely) executes the applet on the user's system.

Y ou write an applet by extending the classjavax.swing.JApplet, supplying your own child versons of some of the
methods in the base class. At one time applets were very popular on the Internet, and they are till widely used for some
applications on company intranets. They are dso widely used at some educeationd Sites.

Appletswerewounded in the"browser wars' of the late 1990s. Microsoft crushed all competition in web browsers by
bundling the Internet Explorer application, and paying off large |SPsto use Explorer. Eventually Netscape went out of
business, and then people had to download complicated browser plug-insto use applets. Many decided it was more
trouble than it was worth. Pulling thiskind of stunt isillega when you're amonopoly. Microsoft settled out of court by
paying $750 million to Netscape's owner AOL. But Netscape was still out of business, and therewas sill no
competition in the browser market, and there was still no native support for applets.

People write gppletsto do al kinds of things, usudly focused on agraphical and/or dynamic presentation of datafrom
the server. There's one particularly good applet which you can easily find on the web. Known asthe "Powers of 10"
demo, it was written by Matthew J. Parry-Hill, Christopher A. Burdett, and Michadl Davidson of the Nationa High
Magnetic Field Laboratory a Florida State University. The gpplet is based on the book "Cosmic View: The Universein
40 Jumps" written by brilliant Dutch engineer and educator, Kees Boeke. Figure 9-2 shows a screen shot of the
Powers of 10 applet.

Figure 9-2. Powersof 10 interactive Java-based tutorial at
http://micro.magnet.fsu.edu/primer/javalsci enceopti csu/powersof 10/index.html



http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/index.html
http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/index.html

Chapter 10. Exceptions

Run-time Internas. The Heap

Garbage Collection

Run-time Internds: The Stack

Exceptions

The Assart Statement

Further Reading

Some Light Relief—Making an Exception For Y ou

When people say "it'sthe exception that provesthe rule’ they mean provein the sense of "test”, asin proving grounds.
They aso mean exception in the sense of "infringement”. In other words, you're redly hearing "it'sthe infringements that
test whether the ruleis any good or not", but never mind that. In Java, the word "exception” relates to an unwanted
error condition, and how we recover fromiit.

In this chapter, well cover the purpose of exceptions, what kinds of things cause them, and how to handle them when
they happen. Well start with alook at two data structures used by the run-time system, because some knowledge of
these will give you much better insight into exceptions. WEIl end the chapter with adescription of the assert statement
added to Javain JDK 1.4.

Exceptions and asserts are two ways of dedling with unexpected and unwanted error Situations. Exceptions give you a
chance to recover from the error and continue program execution. Assert statements provide away to stop aprogram
dead when it notices some serious incongstency (like a checksum being incorrect). Y ou can configure at run-time
whether you want this "stop on error" behavior or not.



Run-time Internals. The Heap

We made the point in Chapter 2 that the purpose of reference variablesisto alow automatic memory management.
Many languages dlow storage to be alocated dynamicdly (at run-time). Thisisgood, because it allows a program to
adapt to the size of the datait istrying to process, rather than being compiled with afixed upper limit.

Memory isallocated implicitly by creating an object

Inlow-level languages like C, the programmer asks for ablock of memory with acal to one of the malloc routines. In
more structured languages like Java, you get memory by ingtantiating an object. That object can be an array of arbitrary
sze, limited only by the maximum vaue that an int index can hold, or by process size or by the virtua storage onthe
sysem.

Memory isascarce resource, and you should freeit up (return it to the system) when it isno longer needed. This can be
done by the programmer explicitly managing memory resources, or by the system keeping track of what isin useand
freeing up memory that isno longer in use. When the system has responsibility for freeing unused memory the processis
known as garbage collection, athough garbage recycling would be a more accurate term.

Sinceitsfirst incarnation as the Oak language, Java has included garbage collection. Automatic garbage collection takes
the burden of achallenging and error-prone task away from the programmer, leading to better memory utilization and
higher rdiability software.

A heap of memory

The heap isthe run-time data structure used to support dynamic memory management. It isalarge storage areathat can
alocate memory when the run-time library requestsit, and can accept previoudy alocated memory back for
dedllocation and returning to the pool. Why isit called ahegp? In English, aheap isaquantity of thingslying in any old
order on top of one another. That'swhat ahegpisin arun-timelibrary. It starts as alarge segment of memory givento
the process when it starts. Asthe process runs, it allocates memory, givesit back, allocates some more, and pretty soon
you have aheap. The heap itsalf keepstrack of what isin use and what isfree. In C, you manage the heap manually. In
Java, it isdonefor you.

Y our programs start with adefault tota heap size, and you can change that maximum using acompiler flag like™
-Xmx64m" for the JDK ("64m" means 64 MB). There are severd other compiler flagsto give guidance to the heap
manager. Y ou would only usethem if you are tuning an gpplication to make it fit on hardware that may be dightly too
small. Search at java.sun.com for the document " Garbage Collector Ergonomics’ if you want more information on these

flags

Memory leaks—rarein Java
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Garbage Collection

Many programming languages support heap-based memory allocation. All objectsin Java are alocated on the heap; no
objects are ever alocated on the stack (an additional specia-purpose storage data structure). Different pieces of
storage can be dlocated from and returned to the heap in no particular order, leading to problems of
fragmentation—you have enough totd storage free to satisfy alarge alocation request, but it isnot in the usable form of
one contiguous chunk.

Solving the fragmentation problem

Hesp fragmentation is resolved by the run-time system periodically reorganizing the heap, and possibly relocating some
live (in-use) objects. All thiswill be transparent to the application, gpart from the time it takes. Most agorithms require
the application to stop while the hegp is being reorganized.

Languages with dynamic data structures (structures that can grow and shrink in size at run-time) must have some way of
telling the underlying run-time when they need more memory. C doesthiswith the malloc() library call. Javadoesthis
with the"new" operator.

Conversdly, you aso need some way to indicate memory that is no longer in use (e.g., threads that have terminated,
objectsthat are no longer referenced by anything, variables that have gone out of scope, etc.) and hand it back to the
run-time system for reuse. C and C++ require explicit dedllocation of memory; C doesthiswith the freg() library cdll,
C++ uses ddete(). The programmer hasto say what memory (objects) to give back to the run-time system, and when.
In practice, this hasturned out to be an error-prone task. It's al too easy to create a"memory leak” by not freeing
memory before overwriting the last pointer to it. It can then neither be referenced nor freed, and islost to further use for
aslong asthe program runs. The process address space grows bigger and bigger, and the process gets dower and
dower asit is swapped out to make room for other tasks. Java takes a different approach to reclaiming memory.

To avoid the problems of explicit memory management, Java takes the burden off the shoulders of the programmer and
putsit on the run-time storage manager. One subsystem of the storage manager is the "garbage collector.” The
automeatic reclaiming of memory that isno longer in useis known as "garbage collection” in computer science. Javahasa
thread that runsin the background whose task isto do garbage collection. It looks a memory, and when it finds objects
that are no longer referenced, it reclaims them by telling the heap that memory is available to be reallocated.

The costs and benefits of garbage collection

Taking away the task of memory management from the programmer gives him or her one less thing to worry about, and
makes the resulting software much morereligblein use. It may take alittle longer to run compared with alanguage like
C++ with explicit memory management, because the garbage collector hasto go out and look for reclaimable memory
rather than smply being told whereto find it. On the other hand, it's much quicker to debug your programs and get them
running in thefirst place. Most people would agree that in the presence of ever-improving hardware performance, a
smdl performance overhead is an acceptable price to pay for more reliable software.

What isthe cost of making garbage collection an implicit operation of the run-time system rather than aresponsibility of
the programmer? It meansthat at unpredictable times, apotentidly large amount of behind-the-scenes processing will
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Run-timelnternals. The Stack

The stack isarun-time data structure that provides the storage space needed for method calls and returns. All modern
block-structured languages use stacks, and many processors have some hardware support for them. Unfortunately in
recent years, the terminology has got alittle looser; marketing people started using stack to mean any layered system
sarvice, such asthe TCP/IP library, or an application server and container. In this chapter, stack meansthe LIFO (Last
In First Out) data structure that provides space for local variables, and implements the method-calling conventions.

When you cal amethod, some housekeeping data, known as an activation record or stack frame, is pushed onto the
stack. The activation record contains the return address, the arguments passed to the function, the space for loca
variables, intermediate caculations, and so on, for that invocation of that method in that thread of control. WWhen you
return from afunction, the activation record is popped from the stack. The next function cal will push another record
into the same space.

Figure 10-1 shows how each method call resultsin anew activation record being pushed onto (added to) the stack.

Stacks are only ever meant to be used for data, never for storing code.

Figure 10-1. Stacksin Java

[View full Szeimage]

Stack cracking—impossiblein Java

If you have any pointers back into the old activation record on the stack, memory can be corrupted, as



EXxceptions

Well cover the purpose and use of exceptions following this order. The one sentence summary is"Exceptions are like
software interrupts—they are generated by error conditions like divison by zero, and they divert theflow of control to a
place where you have said you will handlethiskind of error.”

First, well ook at the basics of:

Why exceptions arein the language.
What causes an exception (implicitly and explicitly).

Once an exception has occurred, you'll want to know how to take stepsto dedl withit:

How to handle ("catch") an exception within the method where it was thrown.
Handling groups of related exceptions.

Y ou'll also need to know what happensif you do not provide code to handle each type of exception. Y ou can skip this
on afirg reading if you just want the exception basics. These sections have information saying how methodstell the
compiler about exceptions they might generate but do not handle:

How the exception propagatesif not handled in the method where it was thrown.
How and why methods declare the exceptions that can propagate out of them.

Fancy exception tuff.

The purpose of exceptions

Exceptions are for changing the flow of control when some important or unexpected event, usualy an error, has
occurred. They divert processing to apart of the program that can try to cope with the error, or a least die gracefully.

There are many possible errorsthat can happen in non-trivial programs: these range from "unable to open afile" to
"array subscript out of range”’ to "'no memory left to alocate” to "division by zero." It would obscure the code gregtly to
check for al possbilities at dl places where they may happen. Exceptions provide a.clean way for vou to write genera



The Assert Statement

Introduced with Java 1.4, the assert statement hel ps to debug code and a so troubleshoot applications after they have
been deployed. Y ou write an assert statement stating some very important condition that you believe will dways betrue
at thispoint in your program. If the condition is not true, the assertion throws an Error (a Throwable thing that is not
intended to be caught). Y ou can do that aready in Java. The part that is new isthat assertion statements et you choose
at run-time whether the assertion checking is on or off.

Two key stepsin using assert

There are two key piecesto using asserts.

Firdt, you sprinkle assert statements at afew critica placesin your program. For example, after calculating a
checksum, you could assert that the calculated va ue equal s the stored checksum. Y ou only use assert
satements for fatal errors—something has gone so wrong that the only thing to do is stop before more data
disappears or whatever.

The second hdf of assert satementsisthat you control whether the assert statements are in effect, or not, at
run-time. Thereisacommand line option to the VM that enables or disables whether the assertions are
executed, and this can be gpplied to individua packages and even classes.

The usua scenario isthat you keep the assert statements on during debugging and teting. After testing, when you are
confident that the application works correctly, you no longer need to do all that checking. So you disable the assert
satements, but leave them compiled in the source code. If the application later hits a problem, you can enable asserts
and rerun thefailure case to seeif any assertions are untrue. This can be donein thefield or over telephone support.

An assart satement looks like ether of these dternatives:

assert bool eanExpressi on;

assert bool eanExpression : Expression2;

If the boolean is not true, ajavalang.AssertionError isthrown. The second form of the statement alows you to write an
expression that will be passed to the constructor of the AssertionError. The expression is supposed to resolveto a
message about what went wrong. Y ou should just passa String. An expression of other types (such asint) isalowed to
accommodate those crazies who want to number their error messages or labdl them with a character instead of using
Hf-identifying grings.
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Further Reading

Thereis more information on the assert statement, including a couple of clever idioms, at the Sun Site
javasun.com/j2se/1.5/docs/guide/lang/assert.html . One of the idiomsis code to prevent a program from running &t all if
assartions are turned off.
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Some Light Relief—M aking an Exception for You

In June 2003, NASA launched two robot geologist missionsto Mars. After aspace voyage of six months, the Spirit
Rover wasthefirst to arrive safely and Start its exploration, looking for signs of water and other geologica features. For
two and ahalf weeks on the surface, Spirit sent aseries of stunning pictures. Suddenly and inexplicably, it dropped
contact with mission control.

The team back at Cdifornia's Jet Propulsion Lab who designed and built the rovers were mystified and despondent.
The Spirit mission manager, Jennifer Trosper, talked to her husband on the phone. "I asked him first how his day was.
He said it was okay. And then he asked me how my day was going," recalled Trosper. "Well | think I'm persondly
responsible for the loss of a$400 million nationa asset,”" she confessed. | hate those kind of "rainy Monday" days, don't
you?

The Rover isareprogrammable embedded system that is directed by remote control instructions over wirelessfrom
Earth. If Spirit didn't make contact, it wouldn't get instructions for more tasks, or even to diagnose the failure. Things
perked up alittle the next day when JPL sent acommand, and Spirit acknowledged it before once again faling silent.

The Spirit rover isbuilt from off-the-shelf hardware and software. Wind River's VxWorks red -time embedded OS runs
on top of aradiation-hardened RAD6000 CPU chip from Lockheed-Martin. This chip is based on the same

Power-PC CPU that IBM usesin its R§/6000 Unix workstations. It's a 32-bit RISC processor clocked at 33MHz
with 120MB main memory, which is plenty for the tasksit hasto do. Marsisahogtile environment for anything
mechanical, so the rover has a256 MB flash memory filesystem instead of disk.

The flash filesystem stores data files (such as photo files), and aso executable programs. It's designed so that when the
system boots up, somefilesystem datais copied from flash into amain memory cache. Obvioudy the amount of RAM
reserved for the cache places an overal limit on the size and number of filesthe RAM disk can hold. JPL was aware of
thislimit, and had calculated that regular operationswould stay well withiniit.

Everything about the software was designed to be maintained over radio links from planet Earth. Indeed, the misson
team had uploaded a completely new software revision aweek after the June 2003 launch, asthe Spirit rover raced
towards Mars. Y ou never want to delete the old software until you've had a chance to check that the new software

worksin al circumstances, so the flash memory now held two sets of executables.

The software upload fixed the bugs that had been identified, and mission control made a note that they'd have to delete
the old files after the new ones had been shown to work on the ground. Six months later, Spirit landed on Mars, and
sarted collecting data. Each set of data, each image, each instrument reading was stored in anew filein the flash file
system. On Martian day 15 of the misson, the ground team uploaded in two parts a utility that would clean out the
obsoletefiles and free up alot of room in the flash filesystem.

Unhappily, the second haf of the upload failed, and was rescheduled for the next communi cations window between
Earth and Mars, four days|ater. In the meantime, Spirit continued taking pictures and measurements, and storing the
resultsin therapidly filling filesystem. Before the file delete utility could be uploaded, the portion of RAM dedicated to
the flash filesystem filled up completely.
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Some Light Relief—The Java-Powered Toaster

Interfaces are an important concept in Java. In this chapter, well explain what interfaces do, and how you use them.
Here'sa summary of what interfaces do, so you can see where we're headed.

In afew words, an interfaceis smilar to aclassthat only abstract methods. Y ou can't ingtantiate an abstract class; its
purposeisto force any subclasses to implement its methods. That alows other classesto rely on those methods being
present in the subclasses.

Aninterface does the samejob as a class, but without the requirement that there is a parent/child relationship. Interfaces
arereference types, like classes and arrays. Interface types are used as parameters, and an actua class with that
behavior will be used as an argument. A class associatesitsdf with an interface by saying it implements an interface,
thereby promising that it provides dl the methods that the interface specifies.

Let'sgtart by describing the problem that interfaces solve.



What Problem Does an | nterface Solve?

Weve seen in previous chapters how classes can be related in ahierarchy, with the common behavior higher up the
tree. An exampleisgivenin Figure 11-1.

Figure 11-1. Where should therefuel() method go?

Figure 11-1 shows some classes relating to means of transport. Each box isa class, labeled with the class name, and
with an example method that belongsin that class. The parent classis called "Transport" and has amethod called buy().
Whatever kind of vehicle you have, you haveto buy it before it becomes yours. Putting the method in the parent class
meansthat al subclassesinherit it.

Transport has three child classes. The class called "Car" has amethod called drive(), and thisisinherited by itstwo
subclasses, Convertible and Saloon. Whatever kind of car it is, theway you moveit isto drive(). It belongsin Car, not
Transport, because you ride abicycle or fly an airplane, not drive them.

Now let'simagine we want to keep refudling information in this class hierarchy. We want to add amethod called
refuel () that fillsthe fud tank of each vehicle. The classthat keegpstrack of our supply depot will call the refue method
on vehicle objects. Where isthe right place to add refuel() in the tree of classes?

We cannot add arefuel () method in the transport class, because Bicycle would inherit it, and bicycles are not refudled.
We can add the method individualy to Airplane and Car and any other unrelated Classes, like Generator, which
represent something you can refuel.

That's good, but it causes problems for our supply depot class. The supply depot classwill call an object's refuel ()
method. What should be the type of the thingswe passto it for refuelling? We cannot pass a Transport, because not all
trangport objects have arefue () method, and some non-Transport things (like Generator or Pump) need refuelling.



| nterface java.lang.Comparable

Interfaces are used frequently in the Javarun-timelibrary. Hereis the source of interface Comparablein the javalang
package up to JDK 1.4. (Well show the IDK 1.5 code, which is different, soon).

public interface Conparable {

public int conpareTo(Cbject 0);

All classesthat implement Comparable have to provide acompareTo() method. It alows two objects of the same class
to be put in order with respect to one another, that is, they can be compared.

If you read the API documentation, you will see that implementations of compareTo() must return anegative, zero, or
positive int, depending on whether "this' issmaller, equal to, or greater than the object parameter. Thereisn't any way
for the compiler to enforce thislevel of meaning, and if you make compareTo() do anything different for one of your
classes, this code will be broken anywhere you use that classin place of a Comparable.

Herée's acomplete exampl e that implements the Comparable interface. To keep it Smple, the exampleisaclassthat
"wrgps' anint asan object.

class Myl nt inplements Conparable {
private int m;
public MyInt(int i) { m =1i; } /1 constructor

public int getMyInt() { return m; } // getter

public int conpareTo(Cbject other) {
MyInt mi Gher = (MyInt) other; // cast Obj param back to Myl nt

return (this.mi - mQher.m);



| nterfaces Versus Abstract Classes

While you use an interface to specify the form that something must have, it does not actudly provide the implementation
for it. Inthissense, an interfaceisalike an abstract class. The abstract class must be extended in exactly the manner
that its abstract methods specify.

An interface differsfrom an abstract classin the following ways.

An abgtract classis an incomplete class that requires further specidization in child classes. The subclasses are
closdy related to the parent. An interface doesn't have any overtones of speciaization that are present with
inheritance. It merdly says, "We need something that does 'foo' and here are the ways that users should be able
tocdl it

A class can implement severa interfaces at once, whereas a class can extend only one parent class.

Interfaces can be used to support calbacks (inheritance doesn't help with this). Thisisasgnificant coding
idiom. It essentidly provides apointer to afunction, but in atype-safe way. Using Interface Cadlbacksfor GUI
Event Handlers on page 239 explains callbacks.

Heréesthe bottom line: Y ou'll probably use interfaces more often than abstract classes. Use an abstract classwhen you
want to initiate a hierarchy of more specidized classes and provide apartid implementation with fine control over what
Isprivate, public, protected, etc. Use an interface when you need multiple inheritance of design to say, "Thisclasshas
behavior (methods) A, B, and C."

An interface can be extended, but only by another interface. It islegd for aclassto implement an interface but only have
some of the methods promised in the interface. Y ou must then make it an abstract class that must be further extended
(inherited) beforeit can be instantiated.



Granting Permission Through an Interface—Cloneable

When we looked at the Object classin Chapter 3, we saw that it has this method:

protected native Object clone() throws C oneNot SupportedExcepti on;

Java supports the notion of cloning, meaning to get a complete bit-for-bit duplicate of an object. Cloning, perhaps
surprisingly, does not invoke any constructor.

Not every class should support the ability to clone. If | have aclassthat represents a set of objectsthat are uniquein the
real world, such asthe shipsin acompany fleet, the operation of cloning doesn't make sense. Y ou buy new ships, but
you can't get exact duplicatesin every detail (including, say, registration number) of an existing ship. However, methods
(including the clong() method) in the classjavalang.Object are inherited by al classes.

So Java places afurther requirement on classes that want to be cloneable: They must implement the clonegble interface
toindicate that cloning isvaid for them. The cloneableinterfaceisthis

public interface Cloneable { } // conpletely enpty

The empty interface asamarker isnot the most common use of interfaces, but you do seeit in the system libraries. To
have a classthat can be cloned, you must state that the classimplements the Cloneable interface.

public class | CanBeCopi ed i npl enrents C oneable { ...

Why wasn't the method clone() of Object made part of the Cloneable interface? That seems like the obvious place to
put it, instead of in Object. The reason isthat we have two conflicting ams.
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What Protected Really Means

The"protected” access modifier saysthe member isvisible to any classesin the same package, and to subclasses
everywhere. The same package part is clear enough: your code is never in the same package as
javalang.Object.clong(). The "subclasses everywhere" part is more accurately expressed as a protected member can
be accessed from within a class through references that are of at least the same type of the class. Consider this example,
which uses aprotected field caled "teeth”, which is smpler to follow than the clong() method:

package ani nal s;

cl ass Mammal {protected int teeth; }

package pets;

cl ass Cat extends Mammal { }

cl ass Dog extends Mammal {
Cat housemate = new Cat ();

int cats_teeth = housemate.teeth; // NO! field is protected.

cl ass Dal mati an extends Dog { }

Cat and Dog both inherit the protected field teeth from Mammal. Since Mammad isin adifferent package, the subclass
rule gpplies. That stipulates that code in the Dog class can access the protected teeth field only through areference that
isDog or asubtype of Dog, like Damatian.

Codein the Dog class cannot access the protected field using areference to Cat. Cat can access the protected field
using areferenceto Cat. If you have areferenceto Mamma, and if you can successfully cast it to Dog, you can use that
Dog vaueinsde Dog to accessthe field. Y ou can't use the Mammal referenceinsde Dog to accessthefield.

Thisruleisaimed at making sure that protected instance members are accessed only by the part of the class hierarchy
they belong to, and not by siblings. It's afunny rule because unlike public, private, or package access, aline of code that
accesses a protected member can be valid in one class and not valid in the next class you write in the same package.
Even when both classes are subtypes of the class with the protected member! The rule doesn't apply to static protected
variables and methods. Those are ble from any child class, sncethereisno "object" through which to access
them.



Using I nterface Callbacksfor GUI Event Handlers

So far we've discussed examples of the Comparable and Cloneable interfaces. These interfaces solve compiletime
issues of forcing aclassto have certain behavior. Thereisan additiona way that an interface can be used, to obtain
more dynamic behavior. It formsthe basis of GUI programming in Java. We have aready seen most of this; the only
piece that's new isthe way that the object-which-implements-an-interface tells the servicing class about itsdlf.

In our earlier example, we called a service method and passed an instance of our handler object as an argument:

Depot . servi ce( nyPl ane );

Inside the body of service, the method myPlanerefud () wasimmediately called back, and that redlly did the servicing.
The piecethat is new for GUI callbacksisthis. We don't pass our handler object to the service routine each time a
sarviceis needed. Instead, we pass the handler object in a one-time regisiration with the service. The service savesthe
pointer to our handler. From then on, whenever an event happens, the service looks at itslist of saved references. It will
call back to every handler object that has registered with it. Y ou will write the handler object so that it does whatever
needs to happen when that part of the GUI istwesked. If itisahandler for abutton marked "quit", the handler will quit
the program. If it isahandler for afile open diaog, it will openthefile.

Thisonetimeregistration of the callback target isnot such abig change. But it dlowsthe run-time library to take the
Initiative on deciding when acall back to an event handler must occur, rather than the handler deciding that. Let'slook at
thisintermsof code.

1.
The run-timelibrary defines an interface that promises amethod called itHappened() like this:

i nterface ActionListener {

public void itHappened();

The run-time library makes cals to the method promised by the interface.Y our code implementsthe interface.

In your gpplication code, provide aclassthat implementsthe interface:



The Class Double

Thefollowing isthe declaration of classjavalang.Double. This classimplements the Comparable interface, which has
been updated to be a generic interface. Apart from the appetizer in this chapter, we defer further explanation of generics

until Chapter 15.

public final class java.lang. Doubl e extends java.l ang. Nunber
i mpl enents java.l ang. Conparabl e {
/'l constructors
public java.l ang. Doubl e(doubl e);
public java.lang. Doubl e(java. | ang. String)
t hrows java.l ang. Nunber For mat Excepti on;

public static final double POSITIVE I NFINTY

1.0/ 0.0;

public static final double NEGATIVE INFINITY = -1.0 / 0.0;

public static final double NaN = 0.0d / 0.0;

public static final double MAX VALUE = 1.79769313486231570e+308;
public static final double M N _VALUE = | ongBitsToDoubl e(1L);
public static final java.lang.C ass TYPE=

Class.getPrimtived ass("double");

public byte byteVal ue();
public short shortVal ue();
public int intValue();
public long | ongVal ue();
public float floatValue();

publ i c doubl e doubl evVal ue();

public int conpareTo(java.lang. Doubl e);
public int conpareTo(java.lang. Ovject);

public boolean islinfinite();



Exercises

Describe, without excessive handwaving, two common uses for interfaces.

Given the SupplyDepot, Transport, and CapableOfBeingRefuel led classes/interfaces described earlier in this
chapter, add amain routine to Airplane. Then add fields, parameters, and code to SupplyDepot and elsewhere
s0 that a CapableOfBeingRefudled can tell the service routine how much fud it takes. Make sure that amount
of fud isdecremented at the Depot, and incremented in the object that implements Capabl eOfBeingRefuel led.

Look at the Cloneable interface in javadoc. Take any classthat you have written and make it cloneable by
meaking it implement the Clonegble interface.

Override Object.clong() to do a shalow copy for your class, and also keep count of the number of objects of
your classthat have been created. Don't forget to count those created via a constructor, too.

Write some code to clone an object of your class. Change your version of clone() to do adeep copy for your
class. Run the clone program again, and make it print out enough information that you can tdll the difference
between a shallow clone and adeep clone.



Some Light Relief—The Java-Powered Toaster

Firg prizefor the "most entertaining Java application of 2001" goesto Robin Southgate. For hisfinal year project asan
Industrial Design student at Brunel University in England, Robin designed and built a bread toaster. Not just any toaster
though. Robin's toaster is powered by a Java program that dials awesther service, retrieves the forecast, and singesthe
outlook onto the toast. Examples of the toast are shown in Figure 11-3.

Figure 11-3. Java-power ed toaster

Robin's design integrates a standard domestic toaster with the Tiny InterNet Interface (TINI) microcontroller from
Dallas Semiconductor. The TINI isa$20 microcontroller chip set that supports an incredible software devel opment
platform. TINI contains a Javavirtua machine, aweb server, and a TCP/IP network stack running on top of ared time
operating system, dl in lessthan haf aMbyte of flash RAM. Y ou program the chip and control the I/O to its peripheras
completely in Java. The peripheras can include ethernet, apardld port, awireless network interface, aswell asthe
usual RS232 serid port and 12C bus.

Robin modified the toaster so that it works automatically. When apiece of toast is put in, the microcontroller wakes up
and dids out through amodem on the seria port to remotely access the weether information. The Java code then
condenses the forecast into a choice between "sunny,” "overcast,” "rain,” or "snow," and chooses the gppropriate baffle
to moveinfront of the toast heater element. The baffleis made of polytetrafluorethylene (more commonly known as
"teflon" or PTFE) which is both food-safe and heat resistant at toaster temperatures. The baffle has aholein the shape
of the wesather icon, exposing that area of the toast to more radiant heat than adjacent masked areas. The toast pops up
in about 30 seconds with the weather icon burned ontoit.

When he started on the project, Robin appealed to the TINI engineering mailing list for advice. About half the engineers
made alot of fat-headed suggestions, like using cocoa powder for toner to print on the bread. Another proposed using
aCO2 |aser to reduce cooking time into the 1-2 second range. They just didn't seem to be taking the project serioudly.
Other engineers could see the va ue of Java-powered toast, and gave Robin guidance on how he could refine his design.

The project involved sensing toaster operation, communicating with aremote site, decoding the data returned, moving
the baffles, and controlling the toaster e ement. The prototype shown in Figure 11-4 needed specid attention to switch
the high current for the heating element safely. TINI isan excdlent choice for thiskind of embedded design. It hasa
built-in serid port that can trividly drive an externd modem. There are readily available modules to monitor current,
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Exercises

Some Light Relief—The Domestic Obfuscated Java Code Non-Competition

This chapter coversal agpects of nested classes. In compiler terminology, nesting means " putting something inside
another thing". Everyone who hasread thisfar will be comfortable with nesting methods and datafieldsinsde classes. In
this chapter we explain the different ways a class can be nested inside another class, and what it al means.



I ntroduction to Nested Classes

Nested classes are another in the (ever-lengthening) list of "Java features that were introduced to make one specific
thing quicker to write". There's atrade-off though. While nested classes make event-handlers smpler to write, they dso
add complexity to the compiler and to the features that programmers must learn.

Nested classes will make more sense when we have covered event-handlers for the GUI (Chapter 20), so you could
skim the rest of this chapter until then. For now, just note that there are ways you can nest classesinsde each other like
Russian dolls, and postpone an in-depth reading until you need it.

The name "nested class' suggests you just write a class declaration inside aclass, and you're done! Actudly, thereare
four different kinds of nested classes specidized for different purposes, and given different names.

All classesare @ther:

Top-leve or nested

Nested classes are;

o)
Static classes or inner classes
Inner classss are;
a0

Member classes or local classes or anonymous classes

Figure 12-1 representsthe hierarchy and terminology of nested classesin adiagram.

Figure 12-1. The hierarchy of nested classes



Nested Static Classes

Nested static classes are the smplest of the nested classesto write, understand, and use. Table 12-1 shows how to
create anested datic class. Y ou smply write the declaration of your classin the usud way, giveit the modifier static,
and put it insde atop-leve class.

Table 12-1. Creating anested Static class

Javaterm Description Example code

Nested static class A nested classthat isdeclared "satic.”
class Top {

Thisactslike atop-levd class.
static class MyNested {

Qualities of a nested static class

Y ou recdl that static means "thereisonly one of these'. A datic thing isnot tied to an individua instance object. If you
think about it, thereis only one of any top-level class (though it might have alarge number of instances). A static nested
classactsexactly like atop-levd class. The only differences are:

Thefull name of the nested gtatic class includes the name of the classin which it isnested, e.g. Top.MyNested.
Instance declarations of the nested class outside Top would ook like:

Top. MyNest ed nyGbj = new Top. MyNest ed() ;

The nested static class has access to al the static methods and static data of the classit is nested in, even the
private members.

1f it hdne think of thea"dati~' achazina moreato do with |1ahd lina the fidd of the ton-lara ol ace than with the nected



Inner Member Classes

Java supports an instance class being declared within another class, just as an instance method or instance datafiddis
declared within aclass. It iscdled an inner class, and the class is associated with each instance of the classinwhichitis
nested.

Thethree varieties of inner class are member class, loca class, and anonymous class, each one being arefinement of the
one beforeit. Wewill look at the specia features of each of these kinds of classes and how to use them in the pages
ahead. Information on member classisshownin Table 12-2.

Table 12-2. Member class

Javaterm Description Example code

Member class Thisisaninner dass.
class Top {

cl ass MyMenber {
It isanesed classthat is not declared

"gatic." It isan ingance member of a /* code */
dass.

The comment saying /* code */ isareminder that in practice the classes will have bodies with methods and fields.

A member classislike anested gtatic class without the keyword static. That says, "The class appearsin every instance'”.

Qualities of an inner member class

Just as any instance member in aclass can see dl the other members, the scope of an inner classisthe entire parent in
whichitisdirectly nested.

That is, the inner class can reference any membersin its parent. The parent must declare an instance of an inner class
beforeit can invoke the inner class methods, assign to datafields (including private ones), and so on.

Thefollowing code shows an example of use.



Inner Local Classes

Inner local classes are perhaps the smplest of the nested classes to write, understand, and use. The following table
shows how to create an inner local class. Y ou smply write the declaration of your classin the usua way, and put it
ingde (locdl to) ablock. The block almost dways instantiates an object of the inner class.

Information on thelocd classisshownin Table 12-3.

Table12-3. Locd class

Javaterm Description Example code

Locd class Thisisaninner dass. ,
voi d myMet hod() {

class MyLocal {

Itislocal to ablock, typicdly withina
method. / *code*/

voi d sonething() { }

}

MyLocal m = new

MyLocal ();

foo( m);

Qualities of an inner local class

A local classisaninner class. It isaclassthat is declared within ablock of code, soit isnot amember of the enclosing
class. Typicdly, alocd classis declared within amethod.

A local classisnot visible outside the block that containsit, but the block can create an object of theinner loca class
and give away areferenceto it. Then the object lives on, and its methods can be invoked by whoever holdsthe
reference.

Whereto use an inner local class
Figure 12-2 showsalocd class. Thisinner classisthe event handler for abutton. The overwhelming use of loca classes

Isto create an object that can be called back as an event handler. The value that local classes add isthat you can write
the handler close to the code that creates the button (or whatever) that generates the events.
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|nner Anonymous Classes

It's possible to go one step further from alocal inner class to something called an anonymous class. An anonymous class
isarefinement of inner classes, dlowing you to write the definition of the class, followed by the instance alocation.

The anonymous classisexplainedin Table 12-4.

Table 12-4. Anonymous class

Javaterm Description Example code

Anonymous class Thisisaninner class. void foo () {

Itisavariaiononalocd class.
JFranme jf = new JFrane();

j f. addEvent Handl er (

new Event Adapter () {

nyQver ri di ngMet hod() {
/* sonme code */

] ] ) } /1 end nethod
The classisdeclared and instantiated

within asngle expresson. } I/ end anon cl ass

Qualities of an inner anonymous class

Instead of just nesting the class like any other declaration, you go to the

new Sonmed ass ()



How Inner Classes Are Compiled

Y ou might be interested to learn that inner classes are completely defined in terms of a source transformation into
corresponding freestanding classes, and that is how the Sun compiler compilesthem. In other words, firgt it extracts
them and pretends they are top-leve classes with funny names. Then it fixes up the extra this pointers that are needed,
and compilesthem. Thefollowingisaninner classcalled pip:

public class orange {
int i=0;

void foo() { }

class pip {
i nt seeds=2;

void bar() { }

Here's how the compiler transforms an inner classinto JDK 1.0 compatible code. If you understand this process, alot
of the mystery of inner classeswill disappear. Fird, extract the inner class, make it atop-leve class, and prefix the
containing-class-and-a-dollar-sign to its name.

cl ass orange$pip {
int seeds=2;
void bar() { }

}

public class orange {
int i=0;

void foo() { }



The Class Char acter

Thefollowing isthe declaration of classjavalang.Character. Theimportant point hereisto notice dl the routines for
classfying acharacter asan identifier, adigit, etc:

public final class java.lang. Character
i mpl enents java.io.Serializable, java.lang. Conparable {

public java.lang. Character(char); // constructor

public static final int MN_RAD X = 2;

public static final int MAX_RAD X

36;

public static final char M N_VALUE

"\u0000';

public static final char MAX_ VALUE = "\uffff";

public static final java.lang.C ass TYPE = Class.getPrimtiveC ass("char");
public static final byte UNASSI GNED; //about 20 ot her Uni code types

public static final byte UPPERCASE LETTER

public static int getType(char); // returns the Unicode type

public char charVal ue();

public int conpareTo(java.l ang. Character);
public int conpareTo(java.lang. vject);
public static int digit(char, int);

publ i c bool ean equal s(java. | ang. Obj ect);
public static char forDigit(int, int);
public static int getNunericVal ue(char);

public int hashCode();



Exercises

Describe the three different kinds of inner class. Find an example of one kind of inner classin the Javarun-time
library source code. Describeit.

What isa static nested class? Give an example of where you might use one.

Find an example of aloca inner classin the Javarun-timelibrary, and explain why it is used there.



Some Light Relief—The Domestic Obfuscated Java Code
Non-Competition

Readers of my book Expert C Programming will be avare of the International Obfuscated C Code Competition
(IOCCCQC). It'san annua contest run over Usenet since 1984 to find the most horrible and unreadable C programs of
theyear. Not horriblein that it isbadly written, but in the much subtler concept of being horrible to figure out what it
does and how it works.

The IOCCC accepts entries in the winter, which are judged over the spring, and the winners are announced at the
summer Usenix conference. It isagreat honor to be one of the dozen or so category winners at the IOCCC, as many
very good programmersturn their talents to the dark side of the force for this event. If you know C pretty well, you
might be interested in figuring out what this IOCCC past winner does.

mai n() {printf(&unix["\021%i x\ 012\ 0"], (uni x)["have"] +"fun"-0x60);}

Hint: It doesn't print "have fun.”

Here, in the spirit of the IOCCC, are two Javaprogramsthat | wrote for April Fool's Day afew years back. You
should be pretty good at reading Java code at this point, so I won't spoil your fun.

This program looks like one big comment, so it should compile without problems. When you runiit, it greetsyou! But
how?

/* Just Java
Pet er van der Linden
April 1, 1996
\ u0070\ u0075\ 0062\ UOO6C\ U006\ UO063\ UD020
\ u0050\ u0076\ u0064\ u004c\ u0020\ u0031\ u0020\ u0041\ u0070\ UO072\ UO039\ UO036
\ u002a\ u002f \ u0020\ u0063\ u006c\ u0061\ u0073\ UO073\ U0020\ UO068\ u0020\ UO07hb
\ u0020\ u0020\ u0070\ u0075\ U0062\ UO06C\ UO069\ UO0E3\ L0020\ U0O020\ u0020\ u0020

\ u0073\ u0074\ u0061\ u0O074\ UO069\ UO063\ UO020\ U0020\ UO076\ uO06T\ U006\ L0064
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Chapter 13. Doing Several Thingsat Once: Threads

What Are Threads?

Two Waysto Obtain aNew Thread

TheLifecycleof aThread

Thread Groups

Four Kinds of Threads Programming

Some Light Relief—The Motion Sensor Solution

Multithreading is not anew concept in software, but it is new to comeinto the limeight. People have been kicking
around experimental implementations for 20 years or more, but it isonly in the last few yearsthat desktop hardware
(especidly desktop multiprocessors) became powerful enough to make multithreading popular.

ThereisaPOSIX[1] document 1003.4a (ratified June 1995) that describes athreads APl standard. The threads
described by the POSIX model and the threads available in Java do not completely coincide. The Java designersdidn't
use POSIX threads because the POSIX model was still under devel opment when they implemented Java. Java threads
aresmpler, take care of their own memory management, and do not have the full generdity (or overhead) of POSIX
threads.

[1] POSIX isan operating system standard heavily weighted to a common subset of Unix.



What Are Threads?

A computer system can give the impression of doing severd things smultaneoudy, like print from one window, compile
in another, while downloading music in athird. The OS runs each processfor afew milliseconds, then saves the process
sate, switchesto the next process, and so on. Threads Ssmply extend that concept from switching between severa
different programsto switching between severd different functions executing Smultaneoudy within asingle program, as
shownin Figure 13-1.

Figure 13-1. An explanation of processor time sharing and multithreading

A thread isn't restricted just to one method. Any thread in amultithreaded program can cdl any series of methods that
could be called in asingle-threaded program. Y ou often have one thread that waits for input from a GUI and another
thread that processes the input when it arrives.
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Two Waysto Obtain a New Thread

There are two ways to obtain anew thread of control in Java. Either extend the Thread class, or writeaclassto
implement the javalang.Runnable interface and use it in the Thread constructor. Thefirst way can be used only if your
class doesn't dready extend some other class (because Java disalows multiple parents).

1.

Extend classjavalang. Thread and override run():

class Pl um extends Thread {

public void run() { /* nore code */ }

Plum P = new Pl um();

P.start();

or

Implement the Runnable interface (the class Thread itsdlf is an implementation of Runnable), and usethat classin
the Thread congtructor:

cl ass Mango i npl erents Runnabl e {

public void run() { /* nore code */ }

Mango m = new Mango();



TheLifecycleof a Thread

We have dready covered how athread is created, and how the start() method inherited from Thread causes execution
to gart initsrun() method. Anindividua thread dies when execution fals off the end of run() or otherwise leavestherun
method (through an exception or return statement).

If an exception isthrown from the run method, the runtime system prints a message saying o, the thread terminates, but
the exception does not propagate back into the code that created or started the thread. What this meansis that once
you start up a separate thread, it doesn't come back to interfere with the code that spawned it.

Priorities

Threads have priorities that you can set and change. A higher priority thread executes ahead of alower priority threed if
they are both ready to run.

Javathreads are preemptible, meaning that arunning thread will be pushed off the processor by a higher priority thread
beforeit isready to giveit up of itsown accord. Javathreads might or might not also be time-diced, meaning that a
running thread might share the processor with threads of equd priority.

A dlice of time

Not guaranteeing time-dicing might seem asomewhat surprising design decison asit violatesthe
"Principle of Least Astonishment"—it leadsto program behavior that programmersfind surprising
(namely threads can suffer from CPU starvation). Thereis some precedent in that time-dicing can also be
missing in aPOSI X -conforming thread implementation. POSI X specifiesanumber of different scheduling
agorithms, one of which (round robin) does do time-dicing. Another scheduling possibility alowsaloca
implementation. In the Solaris case of POSIX threads, only the local implementation isused, and this
does not do any time-dicing.

Many people thought that the failure to require time-dicing in the Java scheduler was a mistake that will
befixed in afuture release. But it hasn't happened for so many years, that now it probably won't ever.

Since a programmer cannot assume that time-dicing will take place, the careful programmer assures portability by
writing threaded code that does not depend on time-dicing. The code must cope with the fact that once athread starts
running, dl other threads with the same priority might become blocked. One way to cope with thiswould be to adjust
thread priorities on the fly. That is not recommended because the code will cost you afortune in software maintenance.

A better way isto yield control to other threads frequently. CPU-intensive threads should cal the yield() method at
regular intervalsto ensure they don't hog the processor. Thiswon't be needed if time-dicing is made a standard part of



Thread Groups

A Thread group is (big surprise!) agroup of Threads. A Thread group can contain aset of Threads aswell as a set of
other Thread groups. It'saway of bundling severa related threads together and doing certain housekeeping thingsto all
of them, like garting them al with a single method invocation.

There are methods to create a Thread group and add a Thread to it. Y ou can get areference to your Thread group for
|ater use:

private ThreadG oup nygroup;

mygr oup=Thr ead. current Thread() . get ThreadG oup() ;

Thread groups exist because it turned out to be aussful concept in the runtime library. There seemed no reason not to
just passit through to gpplication programmers, aswell. The designers of the new java.util.concurrency package suggest
that thread groups were never much use, and might be deprecated in future. So avoid them.

How many threads?

Sometimes programmers ask, "How many threads should | havein my program?' Ron Winacott of Sun Canada has
donealot of thread programming, and he compares this question to asking, "How many people can | takein my

transport?'

The problem isthat so much isleft unspecified. What kind of transport isit?Isit amotorbike or ajumbo jet? Arethe
people children, or 250-pound pro wrestlerslike Ric Fair? How many are needed to help get to where you want to go
(e.g., driver, radio operator, navigator, tail gunner, nanny, observer)? In other words, what kind of program isit, what's
the workload, and on what hardware are you running it?

The bottom lineis: Each thread has a default stack size of 400K in the JDK current release. It will also use about 0.5K
to hold itsinternal state, but the stack sizeisthelimiting factor. A 32-bit UNIX process (UNIX isthe most capable of
all the systems to which Java has been ported) effectively hasa2 GB user address space[3] , so in theory, you could
have around 5,000 threads. In practice, you would be limited by CPU availability, swap space, and disk bandwidth
before you got up there. In one experiment, | was able to create a most 2,000 threads before my desktop system
ground to ahdlt. That wasjust to create them; I'm not making any claims about them doing any useful work.

[3] The kernd hasthe other 2 GB of the 4 GB that can be addressed using 32 hits.

Now, back to the real question. Overall, there is no unique correct answer. How many is "reasonable’? Thereisonly
one person who can accurately answer this question and that is the programmer writing the threaded application. The
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Four Kindsof Threads Programming

Coordination between different threadsis known as synchronization. Programs that use threads can be divided into the
following four levels of difficulty, depending on the kind of synchronization needed between the different threads.

1.

Unrdated threads

Related but unsynchronized threads
3.

Mutudly exclusvethreads
4,

Communicating mutualy exclusve threads

Wewill dedl with thefirst two here and the second two in the next chapter. Figure 13-3 isthekey for al illustrations
dedling with thistopic.

Figure 13-3. Key to threads diagrams

Unrelated threads



Some Light Relief—The Motion Sensor Solution

A while back | moved into anew office building at Sun Microsystems. Thiswas good in that it gave me an excuseto
discard dl the flotsam and jetsam | had not yet unpacked from the previous such move. Y ou should move your office
every three yearsfor that reason alone. Not me, you. But my move was bad in that there were afew things about the
new officethat didn't suit me.

Number one on the list was the motion sensor connected to the lights. All modern U.S. office buildings have
power-saving featuresin the lighting, heating, and ventilation. These building servicesare usudly ingaled in afase floor
at thetop of abuilding, but that's another storey[4] . Improving the energy efficiency of buildingsis part of the U.S.
government's Energy Star program. Energy Star isthe reason that the photocopier is aways off when you go to useiit.
There are Energy Star power management guideines that apply to desktop computers, too. At that time, | was
responsible for Sun's desktop power management software in the Solariskernel, so | know how essentid itisto alow
usersto retain control over power-saving features. Apparently, our building designers did not appreciate this.

[4] Another storey! Geddit?

Thelight in my new office was wired up to amotion sensor, and it would automatically switch itsdlf off if you didn't
move around enough. Thiswas something of a nuisance asthere are long periodsin the day when the only thing moving
in my office are my fingertips flying over the keyboard. Periodically, my office would be plunged into darkness, asharp
trangition which spoils my concentration. And concentration is very important to programmers.

After that unpleasant business with the glitter booby trap[5] | installed in the VP's office, it would have been futile to ask
the facilities guysto replace the motion sensor with aregular switch. So | considered other dternatives. A gerbil on an
exercise whed ? They're high maintenance, noisy, smelly, and they keep erratic hours. One of my colleagues suggested
ingaling folks from the marketing department in my office and having them flgp their asamsintermittently, thus getting
some productive use out of them. | did consider it, but they have many of the same disadvantages as the gerbil, and are
not so easy to train.

[5] Booby-trapped ceiling tile, hinged like atrapdoor and piled with confetti on top. The trap istriggered by athread
attached to the back of adesk drawer. It pulls out the safety latch when the drawer is opened. Treat your boss to one
today.

Thefinal answer was one of those kitschy dippy bird things. | position it next to the sensor and dip the beak in the glass
of water in the morning. It continuesto rock backwards and forwards for a good long time, and everyone is happy. |
plan to camouflage the dippy bird with awater lily in adish, which motivates the housekeeping staff to keep the water
level topped up. That makesit zero maintenance from my perspective and the closest welll get to perpetua motion, and
furthermore the lights no longer go out on me.

How do dippy birdswork?

Dippy birdswork on the same generd principle as the steam engine, but with less splendor.


http://www.edsci.com

Chapter 14. Advanced Thread Topics

Mutudly Excdusve Threads

Communicaing Mutudly Excdlusve Threads

Piped I/O for Threads

Thread Local Storage

javauutil.concurrency Package

An Asde on Design Patterns

Further Reading

Exercises

Some Light RelieF—Are Y ou Certifigble? ] Am.

In this chapter we will cover the advanced thread topics. Specificaly, wewill explain how threads synchronize with
each other when they have data that they must pass to each other. That is, they cannot solve the problem merely by
staying out of each other'sway and ignoring each other.

In Chapter 13, we reviewed the easy parts of thread programming asitems 1 and 2 in alist there. This chapter covers
items 3 and 4 from the same list. These are the hard parts of thread programming. We are about to plungeinto level 3:
when threads need to exclude each other from running during certain times.



Mutually Exclusive Threads

Here's where threads start to interact with each other, and that makeslife alittle more complicated. In particular, we
have threads that need to work on the same pieces of the same data Structure.

These threads must take steps to stay out of each other's way so they don't each simultaneously modify the same piece
of data, leaving an uncertain result. Staying out of each other'sway isknown as mutud exclusion. Y ou'll understand
better why mutual exclusion is necessary if we motivate the discuss on with some code. Y ou should download or type
theexampleinand runit.

This code smulates asteam bailer. It defines some values (the current reading of, and the safe limit for, a pressure
gauge), and then instantiates ten copies of athread called "pressure,” storing them in an array. The pressure class
models an input valve that wants to inject more pressure into the boiler. Each pressure object looksto seeif we are
within safe bailer limits, and if so, increases the pressure. The main routine concludes by waiting for each thread to finish
(thisisthejoin() stlatement) and then printsthe current value of the pressure gauige. Hereisthe main routine:

public class p {
static int pressureGuge=0

static final int safetyLimt = 20;

public static void main(String[]args) {
pressure []pl = new pressure[10];
for (int i=0; i<10; i++) {
pl[i] = new pressure();
pl[i].start();
}
/1 the 10 threads are now running in parallel
tryf{
for (int i=0;i<10;i++)
pi[i].join(); // wait for thread to end

} catch(Exception e){ }

System out. printl n(



Communicating Mutually Exclusive Threads

Warning: Specialized threads topics ahead

Heres where things become downright complicated until you get familiar with the protocol. Thisisan
advanced section, and you don't need to understand it unless you are tackling sophisticated concurrent
programming. Y ou can safely jump over this materiad to the end of the chapter, returning to study it in
depth when you see the words wait/notify in a program.

The hardest kind of programming with threads is when the threads need to pass data back and forth. Imagine that we
arein the same sSituation as the previous section. We have threads that process the same data, so we need to run
synchronized. In our new case, however, imaginethat it's not enough just to say, "Don't run whilel am running.” We
need the threads to be able to say, "OK, | have some dataready for you," and to suspend themsalvesif thereisn't data

ready. Thereisaconvenient parale programming idiom known aswait/notify that does exactly this. Figure 14-3 shows
thisin four stages.

Figure 14-3. Communicating mutually exclusive threads



Piped 1/O for Threads

A pipeisan easy way to move data between two threads. One thread writesinto the pipe, and the other reads fromiit.
Thisforms a producer/consumer buffer, ready-programmed for you! There are two stream classes that we aways use
together in amatched consumer/producer pair:

Pipedi nputStream — Gets bytes from a pipe (think "hosepipe’; it'sjust adata structure that squirts bytes at you).

PipedOutputStream — Puts bytesinto a pipe (think "drainpipe”; it's just a data structure that drinks down bytes
that you pour into it).

An object of one of these classesis connected to an object of the other class, providing asafe way (without datarace
conditions) for one thread to send a stream of data to another thread.

Asan example of the use of piped streams, the following program reimplements the Producer/Consumer problem, but
uses piped sreamsingtead of wait/notify. If you compare, you'll seethat thisis considerably smpler. Thereisno vishble
shared buffer—the pipe stream between the two threads encapsulatesit.

The next example shows one thread sending primitive typesto another. Y ou can aso send Strings using the classes
PipedWriter and PipedReader. These four Piped classes are part of the javaio package.

Pipe pitfall

Most operating systems support a pipe feature to communicate between threads or processes. All of
these have one common pitfall! The pipe between the threads isimplemented by abuffer in shared
memory, and thisbuffer hasalimited capacity.

If your input and output happens at different rates, the availability of datawill become abottleneck. The
faster thread blocks until the dower thread has either added something to the empty buffer (the output
thread isdower), or made some room in an otherwise full buffer by reading something from the buffer
(theinput thread is dower).

If your system design relies on the two threads taking turns, your program can deadlock and not run
satisfactorily. This pipe problem is common to dl languages. Y ou can extend these two Streamsto give
the buffer adifferent size, but that might merely postpone but not solve the pipe problem.
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Thread Local Storage

Thread local storageisaterm for datathat is accessible to anything that can access the thread, but that can hold avaue
that isunique in each thread. A common usefor thread loca storageisto give adifferent identifier to each of severa
newly congtructed threads (asin, "if | am thread 5,...") or tells them what they need to work on. ThreadL ocd objects
aretypicaly private static variables used to associate some state with athread (e.g., auser 1D, sesson ID, or
transaction D).

Thread locd storage was introduced with JDK 1.2 and alows each thread to have its own independently initiaized
copy of avariadle. It's easy enough to give threads their own variables. The bit that'stricky isin getting them initidized
with avaue that's different for each thread in athread-safe way. It's tough for the thread to do it because each copy of
the same thread is (naturdly) executing exactly the same code.

Thefollowing describes how you give your threadsanint ID. Y ou will create a subclass of ThreadLocal. Y ou extend
the ThreadL ocdl class and add members as needed. The unfamiliar thing in <anglebrackets> is a generic parameter:

cl ass MyThreadLocal extends ThreadLocal <I nteger>{

private static int id = 0;

/1 this nmethod overrides a nethod in ThreadLocal
protected synchroni zed Integer initialValue() {

return id++;, // autoboxing at work for you.

// this nmethod overrides a nethod in ThreadLocal
public Integer get() {

return super.get();

Well explain the use of genericsin full in the next chapter. For now, it'saway of telling aclass "thisisthe specific typel
want you to work onin thissubclass'. It'saway of getting better type checking than if you just use Object everywhere.
Herethe <l nteqar> <ave we nroviding an | nteaer to each thread \We can nrovide anv obiect ac thread local gorane



Package java.util.concurrent

JDK 1.5 introduced severa new packages and a couple of dozen new classesto beef up
support for threads and thread-based systems. These are centered around package
javauutil.concurrent. In one sentence, the goal is"'to do for threads what java.util.Collection did
for data structures’. Namely, provide a central, consistent, "bullet-proof" way of expressing best
practices, so that programmers no longer need to create them by hand for each new problem.

Y ou can view the concurrent package as aset of design patternsimplemented for Java threads (if design patternsare
new to you, we mention the basicsin the next section). This new package will seethe most usein large and
sophisticated server systems, and is beyond the scope of this book.

Thefollowing isasummary of java.util.concurrency to provide aroad map when you are ready to look into it further.
The new package contains some utility classesfor threads, and some new frameworks.

Thereareasmall number of new frameworks built around the interface javauutil .collections.Executor. It is now
easy to use thread pools (which recycle existing threads instead of creating a new thread for each new request).
Thereis support for delayed and periodic task execution. Y ou can have threads that return results, not just fall
off the end of the run() method. Y ou can start along-running thread, query it for completion, and cance it.

There are some new Collection data classes that you can use when many threads share access to acommon
datastructure. Thereisanew Queue class caled java.util.concurrent. ConcurrentL inkedQueue, which is suitable
for holding the collection for producer-consumer, messaging, parald tasking, and other threads. There are
some other concurrent collections that are thread safe but not bottle-necked by asingle lock (asingle lock
undermines scalability). These containers support multiple readers aswell as atunable number of concurrent
writes.

Improvementsin time-related code. There are proper definitions for periods of hanoseconds, microseconds,
milliseconds, and seconds. They can easily be converted into one another. There are timeoutsfor "walit at least
thislong beforegiving up'”.

Synchronization primitives. There are new classesfor common synchronization idioms, including aclassthat
represents a counting semaphore.

Five new exceptions (e.g. TimeoutException, CancellationException).

The package java.util.concurrent also does some mgjor work on atomicity. That's a performance optimization to
support thread safe programs on single variables, without using locks. It's going to teketimefor al thisto sink in, and
find itsway into the mainstream. It'savery good thing to have sophisticated thread use put on amore forma foundation.
The hard work was done by an industry group led by Professor Doug Lea.



An Aside on Design Patterns

There's an area of increasing importance in OOP technology, known as design patterns. A design patternisa set of
stepsfor doing something, like arecipeisaset of stepsfor cooking something.

Thereisakey book on the topic caled Design Patterns—Elements of Reusable Object-Oriented Software by Erich
Gamma, Richard Helm, Ralph Johnson, and John Vlissdes (Addison Wedey, 1994: ISBN 0-201-63361-2). The book
would be alot morevauableif it were easier to read and gave examplesthat ordinary programmers could relateto. In
spite of itsdry, excessively academic style, it's an important text.

Asthe authors explain, design patterns describe smple, repeatabl e solutions to specific problemsin object-oriented
software design. They capture solutions that have been refined over time; hence, they aren't typically thefirst code that
comesto mind unless you know about them. They are code idiomswrit large. They are not unusua or amazing, or tied
to any one language. Giving names to the common idioms and describing them, helps reuse. Some common
idioms/design patternsare shown in Table 14-1.

Table 14-1. Design patterns overview

Design pattern Purposeand use

Abstract Factory Supplies an interface to create any of severa related
objects without specifying their concrete classes. The
Factory figures out the precise classthat is needed and
congtructs one of those for you.

Adapter Convertsthe interface of aclassinto another interface that
the client can use directly. Adapter lets classes work
together that couldn't otherwise. Think "hose to sprinkler
interface adapter.”

Observer Defines a many-to-one dependency between objects, so
that when the observed object changes Sate, dl the
Observers are notified and can act accordingly. Think
"monitoring the progress of something coming in over the
network."

Singleton Ensure that only one object isingtantiated from some
class, and provide agloba point of accesstoit.

Command Encapsulate arequest as an object, rather than amethod
cdl. That lets you parameterize serversto handle different
requests, and support requests that can be undone.

The recommended book describes a couple of dozen design patterns, and repays further study.



Further Reading

There are severd great websites giving additiona information on the SCIP tests described in the Light Relief section.
Marcus Green has one at www.jcha.net/, and Bill Brogden'sis at www.lanw.comvjavaljavacert/. These siteshave
examples of the kinds of questionsyou'll face, FAQs, advice, and suggestions on books that prepare you for the tests.
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Exercises

Give three examples of when threads might be used to an advantage in a program. Describe a circumstance
when it would not be advantageous to use threads.

What are the two ways of creating anew thread in Java?

Takeyour favorite sorting dgorithm and make it multithreaded. Hint: A recursive partitioning agorithm like
quicksort isthe best candidate for this. Quicksort smply dividesthe array to be sorted into two pieces, then
moves numbers about until al the numbersin one piece are smaler (or at least no larger) than al the numbersin
the other piece. Repest the agorithm on each of the pieces. When the pieces consist of just one e ement, the
array is sorted.

What resources are consumed by each individua thread?

Refer back to the text giving the information about the synchronization bug in the thread library. What code
change would you recommend to fix that bug and why? L ook at the source code for Vector in the current
run-time library. Did they follow your recommendeation?

Rewrite the code example in the previous chapter that shows how to test arange of prime numbersfor primes.
Give the argument range to the threads by using thread local storage.



Some Light Relief—Are You Certifiable? | Am.

These Light Redlief sections are pieces of "infotainment” about Java and the computer industry. Thisoneis heavy onthe
info, and light on the ‘tainment.

Sun Microsystems, the company that originated Java, started offering a Java test and pass certificate to programmers
back in 1996. People take these tests for different reasons. Some companies send their employees on Javatraining
courses and buy them thistest at the end so they will have a qudification they can take away with them. Other people
(like me) took the test at the invitation of the folks at Sun running the program to help them cdibrate the results. Some
people just like an extra qudification to put on their resume.

The Java Technology Certifications

Java 2 Platform, Standard Edition:

Sun Certified Java Programmer
Sun Certified Java Devel oper

Java 2 Platform, Enterprise Edition:

Sun Certified Web Component Devel oper
Sun Certified Enterprise Architect
Sun Certified Business Component Developer

Java 2 Platform, Micro Edition:

Sun Certified Mobile Application Devel oper

Itisnot (yet) common to see ajob advert that mentions Java certification as a prerequisite for the position, but | think
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Chapter 15. Explanation <Generics>

Terminology Refresher: Parameters Versus Arguments

The Problem that Generic Code Addresses

What Generic Code LooksLike

Geneic Interfaces

Bounds—Requiring a Type Parameter to Implement an Interface or Extend a Parent Class

Some Light Relief—On Computable Numbers with an Application to the Entscheidungsproblem

The biggest, most far-reaching new feature to come into Javawith the DK 1.5 releaseis"type
genericity"—the ability to pass types as arguments, just the way we can passvaues as
arguments. In this chapter well take acloselook at generic types, see what software problem
they solve, and describe how they were retro-fitted into the language and run-time system (not an

essy thing).

Explanation <Generics>

Genericsintroduced some new syntax to Java—writing atypename in angle brackets, likethis:

Li nkedLi st <Character>

That isread as LinkedList of Character. So this chapter title isread as Explanation of Generics. It'sa
nudge toward getting familiar with the new syntax ;-)

Well gart with areminder on terminology—if we don't keep the terminology sraight here, werelost! Well finish with a



Terminology Refresner: ParametersVersus Arguments

Everyoneisfamiliar with the concept of methods having parameters. When you write the method, you write the
parametersin acomma-separated list. Here's the declaration of the power() function in Javalang.Math:

static double pow double a, double b) { /*nore*/ }

The method returns the value of araised to the power b. The variablesaand b are parameters to the method. Here's
the point: The method will caculate that valuefor any aand b. Parameters et uswrite that method once, useit on any
pairs of numbers, and refer to the different numbers coming into the method by unchanging namesin the method body.

Arguments are the converse. At the place where we invoke the method, we write the method name and supply the
specific variables or vaues that we want the method to work on, in this particular case:

i mport static java.lang. Math.*;

doubl e result = pow10.0, PI );

Theliteral 10.0 and the constant Math.PI (the closest approximation to Pl that a double can hold) are the arguments for
thiscdl. Other cdls may have different arguments.

result = pow(x, Yy);

The compiler plants code to do a parameter = argument assignment for each parameter on every cal. Thistakes place
right before the call, in amethod prolog that you don't see.

In asingle sentence, the concept of genericsis"We want to have a parameter that represents atype, not avaue. Well
instantiate objects-of -the-generic-class using different types (Integer, Timestamp, Double, Thread) asthe type



The Problem that Generic Code Addresses

Generics, also known astemplates or parametric polymorphism, seem to be a popular feature in modern programming
languages. Ada has them, so does C++, and so does Microsoft's copy of Java, C#. The overal design for Java

genericswas published in 1998, long before C# was launched. C# is again following Javas lead and adopting generics,
athough with adifferent design. The popularity might lead you to think that generics solve abig and important problem.

If you look at some of the written materia justifying genericsin Java, however, adifferent picture emerges. Sometexts
suggest that a purpose of genericsisto reduce the amount of casting needed, particularly when using the Java data
structure classes known as the collection classes. From JDK 1.2 (where collections were introduced) up to and
including JDK 1.4, collections held Objects. Variables of any classtype could be put into any collection, because all
classtypes are compatible with the type used in a collection, Object. When you retrieved something from a collection,
you had to figure out what type it redly was, then cast it back to that.

The Java Collection classes

JDK 1.2 introduced some really robust data structure container classes. There are
about 20 classes and a dozen interfaces kept in the package javautil.

These classes are termed the collection classes, and they do some amazing things. They maintain standard
data structures, such asligts, sets, and maps (pairing of akey and value) and severa subtypes of these.
Y ou can create a data structure that holds your own objects merely by ingtantiating one of these types.

The collection classes were updated to work with generic typesin the JDK 1.5 release. Generics can
work with al software libraries, not just the collection classes, but the collection classesare the main
beneficiaries within the Java AP!. The chapter on collection classes comesright after this chapter and
gives practical examples of generic use.

Usudly, your collectionsjust hold one kind of type, e.g. agiven collection of yours holds String objects. A different
collection holds Timestamps. A typica collection does not hold a mixed bag of String, Integer, Date, Thread, JFrame,
and Timestamp objects. So figuring out what's in the collection isn't a problem. And casting something back to the right
dassign't abig ded ether:

String result = (String) nyDict.get(i); // without generics



What Generic Code LooksLike

There are three partsto generics:

1.

Declare the classwhich will have generic type parameters
2.

Declare/ingtantiate an object of that class, passing the actua type argumentsto it.
3.

Invoke methods on the object of the instantiated generic class.

Using the ingtantiated generic classis no different to using anon-generic class, so wewon't spend alot of timelooking
a that. The class declaration hasto come before any ingtantiations, so let'slook at declarationsfirst.

A use of genericsoutsidethe Collection classes

The classjavalang.Class has been updated to take a generic parameter. Recall that the run-time system
creates a separate Class object for each classin your program, when it loadsthe class. Class dlows
programs to get information about the classesit's using. Here's how Class was used before generics:

G ass t = Tinestanp. cl ass; /1 old style variable declaration

Timestamp ts = (Timestanp) t.newl nstance();// old style, cast needed

Now when you declare a Class object, you may tell the compiler what typeit will hold.

O ass <Tinestanp>t = Tinmestanp.class; // declare with generic param

Timestanmp ts = t.new nstance(); /1l with generics, no cast needed
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Generic Interfaces

Interfaces, aswell as classes, can be parameterized with generic types. Asyou'd expect, it looks exactly the same as
when aclassis parameterized. Well walk through a complete "before and after” example here, because well useitin
the next section as part of a more complicated generic parameter declaration.

This example uses the stlandard javalang.Comparabl e interface type that defines a compareTo() method used for
comparing two objects. The method returns an int which is negative, zero, or postiveto indicate thisissmdler, equa, or
bigger than the argument.

java.lang.Compar able without generics

The Comparableinterface lookslikethisin JDK 1.4

public interface Conparable {

int conpareTo(Ohj ect obj)

A classthat implements the interface would be declared like thisin JDK 1.4:

public class Tinestanp2 inplenents java.lang. Conparabl e {
int hrs;
int mns;

int secs;

public int conpareTo(Cbject t) {
Timestanp2 t2 = (Tinmestanmp2) t;

return (this.hrs - t2.hrs);



Bounds—Requiring a Type Parameter to Implement an Interface or
Extend a Parent Class

Y ou'll get more use out of generic typesif therésaway to cal additiona methods on them, more than just the handful of
methods implemented in javalang.Object. Y ou can call aspecific method, such as compareTo(), on ageneric type
within the body of ageneric class, if you can be sure that the type has such amethod. There are two waysto ensure that
some class has agiven method:

Makethe classachild of some parent that has the method, or
Make the classimplement an interface that has the method.

In general terms, we want away to tell ageneric that one of the parameter types must implement some interface or
extend some parent. We express thiswith a Java generics feature called bounds. Bounds are limitations or restrictions
put on type parameters.

Bounds say "The type that you use as an argument to the generic must extend thisclass' or "... must implement this
interface”. The purpose of boundsisto inform the compiler of methods that are guaranteed to be present in the type
argument. Then we can cdl them, and it is guaranteed not to fail at run-time with a"method not found" exception.

An ordinary generic parameter iswritten as.

cl ass SoneGenericd ass <X>

Wewant away to add thiskind of condition to X:

<X has-to-extend-or-inpl ement Conparabl e>

Then we can cadl Comparables methodson X, likethis:



Some Light ReliefF—On Computable Numberswith an Application to
the Entscheidungspr oblem

Genericsin Javagot me thinking about methods and subroutinesin genera. Computer science isayoung enough field
that it might be possible to pinpoint where subroutines were first used, and maybe even who came up with the idea.
Like the answer to "What was the first computer?’ the origin of subroutinesis more aquestion about definitions than
about history. Depending on how you defineit, the first computer was:

The ENIAC (Electronic Numerator, Integrator, Analyzer and Calculator/Computer [accounts differ]). Built by
John Mauchley and J. Presper Eckert at the Moore School in the University of Pennsylvania, it was dedicated
in February 1946. Asoriginally built, it was not a stored program computer. ENIAC led to afollow-on project,
EDVAC (Electronic Discrete Variable Automatic Cd culator/Computer), and eventudly a spin-off company
that built Univac and morphed into the company of the same name (today known as Unisys).

The SSEC (Sdlective Sequence Electronic Calculator) in January 1948, built by Wallace Eckert of IBM (no
relation to John Eckert). Programs were read from paper tape or plugboards, but the system had the ability to
cachein memory, and in theory operate like a stored program computer some of thetime.

The Manchester Mark 1 in June 1948, built by Fred Williams, Tom Kilburn and ateam at Manchester
University, England. Thisisthe first machine that everyone recognizes as acomputer, becauseit isthe first
system that stored its programs in the same memory used for data. The Manchester Mark 1isunrelated to the
Harvard Mark 1 built by IBM in 1943. The Harvard Mark 1 was abig calculator built out of relays, and driven

by programs on paper tape (like a player piano).

The EDSAC (Electronic Delay Storage Automatic Computer) in May 1949 by Maurice Wilkessteam at
Cambridge University in England. Thiswasthefirst operationd, full-scale stored-program computer. It was
closdly based on the EDVAC design.

There are other candidates for thetitle "first computer”, too. | would characterize the evolution as, before World War
|l—paper designs, during World War I1—electronic calculators, and right after World War [1—thefirst true
computers. The Manchester Mark | isthe onel am putting my money on asthe very first true computer. They rebuilt
the Mark | to commemorate its golden anniversary in 1998, and there's a plague on thewall of the building whereit was
originally constructed. Last time | wasin Manchester, England | took a photo of it.

One of thefirst programmers on the Manchester Mark | was legendary computer pioneer Alan Turing. Even before he
joined the Mark | team in 1948, he sent them aroutine to do long divison. When | get time, | want to write asmulator
in Javafor the Mark 1— imagine the thrill of coding that retraces the footsteps of agreat pioneer! Turing wrote thefirst
ever Programmer's Handbook, some of which you can find online at

http://mww.computer50.org/kgill/mark 1/progman.html .

Alan Turing had worked on systems that encapsulated al three phases of early computer evolution: paper designs,
electronic caculators, and true computers. His 1937 paper, which | generically re-used for thetitle of thislight relief (ho
ho). On computable numbers. with an apolication to the Entscheai dunasoroblem apneared in summer 1936 in the
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Some Light Relie—Early Namesfor Java

We come now to amost important part of Java: the java.util and related packagesthat provide off-the-shelf data
structures for your programs.

Computer science has a couple of dozen standard data structures (such asthe linked ligt, the binary tree, the stack, €tc).
Java provides many of these standard data structures directly aslibrary classes, and makesit easy for you to implement
additional onesin aconsstent way. These data structures hold collections of objects, called elements, and thelibrary is

known as the Java Callection Framework.

The Java Collection Framework has been updated to use generics starting in JDK 1.5, and you need to read Chapter
15 to understand this chapter. Collections are expected to be homogeneous: an instance of a collection class should
only hold dements of onetype. The code changeisthat you use genericsto tell the compiler what that typeis. The
compiler will then detect attempts to add an object of the wrong type into a collection.



Collection API

We mentioned there are a couple of dozen basic data structures in computer science. Java provides the most important
of these (including al three mentioned earlier) in aset of library classes. Thereisacommon interface,
javauutil.Collection, giving the method signatures for insertion, deletion, and other common operations. Whatever
javauutil data structures you use, you can access them in auniform way.

There are three main data structure classes that implement java.util.Collection:

Ligt. Lists can contain duplicate dements. Lists are kept in the order that eements are added. A list might
contain an eement for each tire sold in atire store on one day. In this example, if someone buys four "Road
Hugger tires, four identical eementswill get added to thelist.

Set. Sets cannot contain duplicate dements. Sets have their own ideaof order, which is not the order that
eementsare added. A Set might contain "al customer objects who have not bought from usin the last Sx
months'.

Queue. Queueswere added in JDK 1.5. They are intended for holding elements prior to processing.
Queues cameinto Javato help Threads. They typicaly ddiver dementsinaFIFO (firgt in, first out) order, but
don't haveto. Y ou might use a queue to hold service requests while waiting for a server thread to become free.

On top of these three basic structures, there are many additional flavors or variaions.

Ligtsthat are kept in an array (allowing fast random access)

Ligtsin which each e ement pointsto adjacent e ements rather than being stored next to them (enabling lists of
arbitrary sze)

Sets speciaized for fast access to enum objects

Setsthat support "copy onwrite" operations for sharing mostly read-only data between threads,

Blocking queues of varioustypesthat wait for space before completing an add().

There are d so afew smple data structures from JDK 1.1, updated to implement Collection: Vector and Stack.

Thereisafourth bagc datagructureiniavautil 1t doesn't imbnlement the Collection interface becalise it's ahot it pairs of



List, LinkedList, and ArrayList

One of the concrete classes that implements Collection isjavautil.LinkedLigt. Thisclassisjust aplanold "Data
Structures 101" forward-and-backward-linked list. Y ou provide separate objects that you want stored, and the library
classdoesthework of setting up and copying referencesto makealist. You start by ingtantiating an empty LinkedList,
then anything you add is put on thelist asanew eement.

ThedassLinkedList implements List which implements Collection. The exact parent-child relationship of interfacesis

shownin Figure 16-1.

Figure 16-1. Interfacereationship

[View full Szeimage]

Theinterface java.util.List adds about another ten methods to the e ementary data access methods specified in
javautil.Collection. Slightly smplified, the methods are:

public interface java.util.List<E> extends java.util.Collection <E> {
public bool ean addAll (i nt index, Collection);
public Cbject get(int index);
public Qbject set(int index, E element);
public void add(int index, E elenent);
public Qbject remove(int index);

public int indexOF(bject 0o):



Set, HashSet, and SortedSet

One of the concrete classes that implements Collection isjavautil. HashSet. We briefly visited HashSet at the beginning
of this section on Collections, and now it istimeto expand onit alittle. Thisclassisjust aplain old "Data Structures
101" hash table.

Y ou provide each object that will be stored as datain the hash table, and the library class does the work of maintaining
the table and putting the dementsin the right places. Y ou start by ingtantiating an empty HashSet, then anything you add
isplaced in thetable. If an object isaready in thetable, it won't be added again.

The class HashSet implements Set which implements Collection. The exact parent-child relationship of interfacesis
shownin Figure 16-2.

Figure 16-2. HashSet relationship

[View full Szeimege]

The interface java.util.Set does not add any methods at al to the e ementary data access methods specified in
javautil.Collection. It iswritten as a separate interface to help document and represent the design of the Collections
Framework. It shows the symmetry between classesthat are Sets, and classesthat are Lists. Asareminder, the
Collection interface, and thus the Set interface, lookslikethis.

public interface java.util.Set<E> extends Col | ecti on<E> {
/1 basic operations

public int size();



The Collections Helper Class

Aswe mentioned above, thereisa"helper" classthat contains about 50 static methods and nested classes that operate
on or return a Collection. Heresthe AP for that class Collections, smplified to omit generic parameters.

Well first show the class, then look a generic parametersin more detall.

public class Collections extends Object {
public static final Set EMPTY_SET,;
public static final List EMPTY_LIST

public static final Map EMPTY_MNAP;

public static void sort(List);

public static void sort(List, Conparator);

public static int binarySearch(List, Cbject);

public static int iteratorBinarySearch(List, Cbject);
public static int binarySearch(List, Object, Conparator);
public static int iteratorBinarySearch(List, Object, Conparator);
public static void reverse(List);

public static void shuffle(List);

public static void shuffle(List, Random

public static void swap(List, int, int);

public static void fill(List, Object);

public static void copy(List, List);

public static void rotate(List, int);

public static bool ean replaceAll (List, Cbject, Object);
public static int indexCf SubList(List, List);

public static int |astlndexOf SubList(List, List);

public static List nCopies(int, Cbject);

public static List |ist(Enuneration);



Wildcard Parameters and Generic Methods

Thefina piece of genericsrelatesto theinteraction between generic type parameters and methods. Most of the generic
features we have seen so far areintended for API and library programmers. The main thing regular programmers need
to remember isthat:

public class HashSet <E> { /*nobre code*/

means that (to use this class) you will declare and ingtantiate a HashSet to work with a specific type:

HashSet <Ti mest anp> ht = new HashSet <Ti nest anp>() ;

The generic features presented in this section are different. These features are intended for use by regular programmers.
Y ou'll need these featuresin your own code, when you use somebody el se's generic class.

There are two main generic-rel ated features we are going to cover. Both of them concern methods and generics. The
two features are:

Expressing various bounds on ageneric that is used as amethod parameter. Here's an example method
sgnature with ageneric parameter:

static void shuffle(List<Double> list)

We need away to get rid of that too-detailed <Double> and express "this method can work with aList of
<AnyType> or <AnySubclassOf T> or <AnySuperclassOf T>".

Parameterizing amethod, (rather than a class or interface) with a generic parameter. From our experience with

P [ [ [ S S S . A | [ [Ny 1 .S [ (PR PR



Wildcarding a Generic Parameter

Say we want to write amethod that will shuffle the eementsin a Collection. We can shuffle alist regardless of what
typethe dements are. We don't want to have to write one shuffle method that works on List<Integer> and another for
List<String> and another for List<Byte>. We need to give shuffle() aparameter that isa"List of anything" and have it
move eements around. The usud way to express"List of anything” is"List of Object”, which in the new world of
genericsiswritten "List <Object>"

However, theré's abig problem with passing around anice, type-safe, homogeneous "List <String>" and letting
someone untrustworthy, like our shuffle() method, get their handsonit asa"List <Object>" A parameter that pointsto
a"Ligt <Object>" can easily be used to add any Objectsto thelist: Strings, Integers, Timestamps, or anything else. The
whole genericsinitiative is about limiting collectionsto only hold one type of object, and endowing the compiler with the
information to check this. Unhappily List<Object> would blow our type-safe homogeneous collection modd out of the
water.

There'sapiece of new syntax introduced here to express " parameterized type, but | don't care what it was
parameterized with, they al match”. It's cdled awildcard, and it'swritten like this:

Li nkedLi st <?>

Y ou pronounceit "LinkedList of unknown", and it'sintended to make you think of regular expresson symbolswherea
"?' matches any single character. LinkedList<?> isthe superclass of every LinkedList<T>. Collection<?> is"any class
that implements Callection”. Wildcards can be used with any parameterized type. Thisisthe actua declaration of the
shuffle() method in classjavautil.Collections

static void shuffle(List<?> nylist, Random rnd)

Shuffle will thustake an argument that isa List of any type, just aswe need.

With <?> come a couple of rulesto preserve type safety:

The compiler will treat parameterized types asincompatible with each other. |.e. Lig<A> and Lis<B> are
incompatible and can't be assigned to each other, even when the types A and B are parent and child. The



Generic Methods

So far we have seen the wildcard feature used to give the methods you write some minimal knowledge about
parameters that are generic types. Y ou may be surprised (appalled, dismayed, horrified, or even delighted) to learn that
individual methods can aso be generic. In other words, there isaway to parameterize your methods with one or more

type parameters.

Aswith classes, the type parameters are spelled out in angle brackets before the variable parameters. Thetype
parameter comes immediately before the return type for the method, and after any access modifier. Hereisthe
printFirst() method from the previous section rewritten to be a generic method:

public <T> void printFirst(LinkedList <T>¢e) { }

The generic parameter, T, comes before the method name to make the job of parsing easier for the compiler. It dso
separates the generic parameters away from the method signature. Once you have given namesto the type parameters,
like T here, you can use them in the argument list or the method body. Herewe areusing T to say that printFirst() takes
an argument whichisalLinkedLigt of T, whose nameise.

It may be that the return type uses the parameter type in some way, in which case you'll have two sets of angle brackets
together, asin this example from the Java API:

static <T> Set<T> enptySet ()

satic <T> Set<T> emptySet()

Modifiers Generic parameter Return type Method Sgnature

The method emptySet() has one type parameter, T, and it returnsavalue"set of T".

Let'semphasize that thisfeature isintended for your methods that have parametersthat are collection types. If you don't
write code to pass around and process collection types, you probably won't need to use generic methods.



Summary of Collection

JDK 1.2 introduced support for Callections, also known as " container classes." There are two basic interfaces
that extend Collection in different directions, Set and Ligt.

A Ligt isacollection that has an order associated with its dements. That order isthe order in which the dements
were added to the collection. There does not need to be any logica relationship between elements.

TheList interface isimplemented by two concrete classes, LinkedList and ArrayList. LinkedList isadoubly
linked list. The time to access €l ements depends on where they arein thelist, but thereisno overhead to
growing or shrinking the collection. ArrayListisalist stored asan array. It provides quick accessto any
element, but it is expensive to grow or shrink the array.

A Setisacollection that never has any duplicate objects. Unlike amathematica set, the objects may comein
some order, but it is not the order in which you add them to the collection.

The Set interface isimplemented by two concrete classes, HashSet and TreeSet. HashSet is a set backed by
hash table. It isquick to add and retrieve eements, but the eements arein no particular order. TreeSet isa set
backed by ared/black tree. The elements are kept in sorted order, so it costs more to insert them.

JDK 1.5 introduced support for generic classes, interfaces, and methods. The collection classes arethe main
user of these.

We saw the helper classfor collections, and thereisasimilar onefor arrays. These support some very useful sorting
and extraction utilitiesfor collections and arrays. It's possible to flatten any collection into an array, athough you'l
probably never need to.

All of these features together make up the Collections Framework, and there is one additiona pieceto it, which we will
review in the next section. So far, al these data structures have dedlt with individua objects. Thereis another interface
backed by concrete classes that you can use to process pairs of key/vauestogether. Thisisthe Map interface.



Map, HashM ap, and TreeM ap

Map isadata structure interface that connects keys and values. Each key has at most one associated value. Some
examples of key/vaue pairswould be driver's license number and "Object representing alicensed driver”, username and
password, ISBN and book title. Thefirst of each of these pairsisakey for uniquely retrieving the second. The most
obviousway of storing aMap is as atwo-column table, and you can get fancier from there.

The Map interface provides three views onto its collection of keys'values. Y ou can see the map as acollection of keys,
or asacollection of values, or as a collection of key/vaue pairs. Once you have these collections back, you can invoke
the standard Collection method to get an iterator and vidt dl the lements.

The order of amap isdefined asthe order in which the iterators on amap's collection views return their eements. Some
Map implementations, like the TreeMap class, make specific guarantees asto their order; others, like the HashMap, do
not.

The Map interface lookslikethis:

public interface java.util.Mp <K, V> {
public java.util.Set<K> keySet (); /1 get keys
public java.util.Collection<V> values(); // get val ues

public java.util.Set<Map. Entry<K, V>> entrySet();// get mappings

publ i c bool ean contai nsKey(Obj ect);

publ i c bool ean contai nsVal ue( bj ect);

public V get((Object key);
public V put(K key, V value);

public void put Al (Map<? extends K, ? extends V> t);

public V renove(bject key);
public bool ean i sEnpty();
public int size();

public void clear();



Exercises

(Collections) Hereisthe outline of aclassthat provides accessto its data structure through an iterator. Write
the iterator.

cl ass storage {
private Object[] data = new bject[256];

/1 don't allow access to anything not yet stored
private int nextEnptySlot = 0;

private int i=0;

public lIterator iterator() {
/1 returns a class that iterates over the data array
return new lterator() {
/1 insert the body of the inner class here

/1 3 nmethods: renove(), hasNext(), next()

(Callections) Take the storage class from the previous question and add al the code necessary to make it
implement the Collection interface. Make the type of the object stored a generic parameter. Limit the number of
objectsin the collection, and hence the Size of the array to 128 elements. Throw an
UnsupportedOperationException if someone tries to add e ement number 129.

(Callections) Take the storage class from the previous question and remove any limit on the number of data
items held in the callection. If you try to add an eement when thereis no more room in the array, then dlocate a
new, larger array, and use System.arraycopy() to fill it with the contents of the old array. Hint: Add the extra
code in asubclassthat overrides the methods of the parent class. That way, you smply inherit al the things that



Some Light ReliefF—Early Namesfor Java

When Shakespeare wrote " A rose by any other name would smell as sweet” (Romeo and Juliet, Act 11, Sc 1), he hadn't
seen the effects of modern marketing, consumer branding, and product positioning. Names are incredibly important to
the positioning of aproduct. First impressions count for way too much, and (you'll be horrified to learn) people do
indeed judge books by their covers.

Names sometimes arise from the most fortuitous of circumstances. Linus Torvalds (himself named after two-time Nobel
laureate Linus Pauling) planned to call Linux "Freax" because it was free and freaky. But hisfriend Ari Lemmke gave
him an FTP directory caled /pub/OSLinux, and the name stuck. While till at college, Red Hat founder Marc Ewing
was given his grandfather's Corndll lacrosse team cap (with red and white stripes). Marc lost track of it, and searched
with increasing desperation. The manual for the origind Red Hat Linux beta appeded to readersto return Marc's Red
Hat if found. We're lucky that distribution isn't called Red-and-White-striped Lacrosse Cap Linux.

Would Java have been arunaway successif it was caled "Oak"? It was called Oak for most of its early development
years starting in 1991. James Goding, the master programmer, Sun VP, and Sun Fellow behind the language, named it
after the view from his office window. Jamess office was at 2180 Sand Hill Road, Palo Alto, Cdifornia, on the fourth
floor of the old Bank of Americabuilding. From the window he could see alarge oak tree. When he needed a name for
the language he was devel oping, what could be more handy than to look out of the window waiting for inspiration to
srike?

The name Oak was short, naturd, familiar, but it didn't have that edge, that buzz, that sizzle successful products need.
But worse than that, yearslater, as Sun was planning to go public with Oak, the namefailed atrademark search! There
was avideo card manufacturer caled Oak Technology who held the rights. As a stop-gap, Oak was bogudy renamed
to O.A K. for Object Application Kernel. Thiswas done so the source code didn't need to be changed, but area
name change was needed.

Oak was recognizably Java at this point. Patrick Naughton and Jonathan Payne had used it to create the Webrunner
prototype web browser. The pair then got downloadable applets working in aweekend. By now it was January 1995,
and the 1.0a2 semi-public apharel ease was planned for March 1995. So a brainstorming session was called for al
Oak team members, to come up with ideasfor anew name. Table 16-1 isthe shortlist taken into the meseting, and Java
isntevenonit!

Table 16-1. Proposed names before Java was suggested

Candidate name Commentsfrom the Oak team
Cdypso Trademarked already?
Caavdle Style of ship used for exploration (the Nina, Pintaand

SantaMariawere caravelles).

C+-
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Some Light Relief—Thelllegal Prime Number!

SCSI-wuzzy was abus.

SCSl-wuzzy caused no fuss.

SCSI-wuzzy wasn't very SCSI, was he?

Designing input/output (henceforth "1/0") librariesisalot harder than it might appear. There have been some



Getting to Know Java l/O

Well start off by giving you an idea of what the problems are with Javal/O (well get dl the gripes off our chest in one
go). Then welll look at the purpose of the javaio and mention the names of some of the many packages that make up
the Javal/O library.

Java |/O problems

So what are the problems with Javal/O? It boilsdown to this: it isavery largelibrary and it took six release with four
different implementationsto get it mostly right. Excessive use of the wrapper design pattern confuses rather than helps. It
reliestoo much onthe C1/0 API.

Package java.io has about 75 classes and interfaces. Size aone doesn't make an APl poor, but there are too many
low-val ue classes (like Sequencel nputStream) and it took until JDK 1.5 to get decent support for interactive 1/0. Sun
got I/O internationaization wrong the first time and had to add many more classesin JDK 1.1 to properly cope with
Unicode. The Javal/O packageis not intuitive to use, and there are anumber of peculiar design choices often reflecting
the use of the underlying standard C 1/O library. That's the same mistake the Fortran team committed 40 years earlier.
Findly, because this library makes heavy use of wrapper classes, you may need to use two or three classesto do smple
1/0. Apart from al that, it'sredly afine API.

Purpose of java.io package

Enough of the criticism. Obvioudly, the purpose of the java.io package isto conduct 1/0O on dataand on objects. You
will use the java.io package and othersto write your datainto disk files, into sockets, into URLS, and to the system
console, and to read it back again. There is some support for formatting character data, and for processing zip and jar
files. Severad other packages areinvolved in this, and the key ones arelisted in Table 17-1. The point of presenting this
tableisto indicate the vast range of Java /O features.

Table 17-1. Java packagesinvolved with /O

Package name Purpose
javaio Containsthe 75 or so classes and interfaces for 1/0.
javanio New in JDK 1.4. An API for memory-mapped 1/O,

non-blocking 1/0, and file locking.

javatext For formatting text, dates, numbers, and messages
according to nationa preferences and conventions. This
task can now be achieved more easily by using
java.util.Formatter in conjunction with PrintWriter.format
or printf.

javautil.regex New in JDK 1.4. For matching a string against a pattern



Design Philosophy

The design philosophy for Java l/O isbased on these principles:

Programs that do 1/0 should be portable, even though 1/0 has some non-portable aspects. Platform differences
in file names and line terminators must be handled in away that ensures the code runs everywhere.

I/Oisbased on streams. A stream hasa physica "device" a one end, like afile or alocation in memory. That
physica deviceis managed by some class, and you wrap (layer) additiond logica classes on top of that for
specific kinds of 1/0.

Therearelots of small classesthat do onething, instead of afew big classes that do many things. Thereisone
classthat interprets datain binary format, and another class that reads datafrom afile. If you want to read
binary datafrom afile, you use both of these classes. The congtructors make it convenient to use the classes
together.

Well see examples of these principles throughout the chapter. Thisisalong chapter, but aworthy one. To help you get
the most out of it, Figure 17-1 represents the topics that will be covered, and how they are grouped together. Asyou
can see, many of the 1/0O topics are freestanding and only relate to each other in agenera way. If you fed lost at some
point in this chapter, refer back to Figure 17-1.

Figure 17-1. Topicsin I1/0O

[View full Szeimage]

Thefirgt three boxesin Figure 17-1 are covered in this chapter, and the next two in Chapter 18, "Advanced Input
Output.” WEell start by looking at the File and FileDescriptor classesthat provide a convenient way to represent a
filenamein Java. Then wéll cover Java support for interactive input (new in JDK 1.5). Well round out the chapter by
reviewing the most widdy used input/output classes.

Portability of I/0

The basic portability approach of the Javarun-time library isto have the same method do dightly different things

appropriate to each platform. The standard end-of-line sequence on Windows s " carriage return, linefeed,” while on
lInty iticiiid"linefeed ™ Anv librans mathod that writee an end-of -line conn ience g irh ac Q/agoam nn it nrintln will oo e i



The Classjava.io.File

Theclassjavaio.File should redly be cdled "Filename' since most of its methods are concerned with querying and
adjugting filename, and pathname information, not the contents of afile. File can't actudly do any I/O. Directory,
filename and pathname information is often called "metadata,” meaning "data about data." Methods of javaio.Filedlow
you to access metadata to:

Return aFile object from a String containing a pathname

Test whether afile exigts, is readable/writable, or isadirectory
Say how many bytesarein thefile and when it was last modified
Deetethefile, or create directory paths

Get various forms of thefile pathname.

Here are dl theimportant public members of javaio.File. Method names arein bold for vishility.

Public members of java.io.File

public class File inplements Serializable, Conparable {
public static final char separatorChar;
public static final String separator;
public static final char pathSeparatorChar;

public static final String pathSeparator;

/'l constructors:
public File(String path);
public File(String directory, String file);

public File(File directory, String file);



Keyboard 1/0

For thefirst nineyears of itslife, Javadid not have any routinesto do consoleinput. The officid spin from Sun was that
you were supposed to use a GUI for interactive 1/O. If you wanted to get input from the command line, you had to rall
your own support using several classes. It was ugly, and it needlesdy gave abad impression of Javato generations of
student programmers. Mot teachers gave their students aclassto do console 1/0, and only taught the API support
much later.

The JDK 1.5 release introduces asmple text scanner that can be used to read input. Thereis
aso anew method that provides a fegture essentially the same asthe printf() method usedin C.
Well show examples of both of these over the next several pages.

System.in, out, and err

On dl Unix operating systems and on Windows, three file descriptors are automatically opened by the shell and givento
every processwhen it garts. File descriptor '0' is used for the standard input of the process. File descriptor '1' isused
for the standard output of the process, and file descriptor '2' is used for the standard error of the process. The
convention is so common becauseit isapart of the C language AP!.

These three standard connections are known as "standard in," "standard out," and "standard err” or error. Normaly, the
standard input getsinput from the keyboard, while standard output and standard error write datato the terminal from
which the process was started. Every Java program contains two predefined PrintStreams, known as "out" and "err."
They are kept in Javalang.System, and represent the command line output and error output, respectively. Thereisaso
an input stream called System.in that isthe command line input. Thisisaso referred to as console 1/0 or termind 1/0.

Y ou can redirect the standard error, in, or out streamsto afile or another stream (such as a socket) using these static
methods:

SystemsetErr(PrintStreamerr);
System set | n(l nput Streamin);

System set Qut (PrintStream out);

Stdin and stdout are used for interactive I/O. Stderr isintended for error messages only. That way, if the output of a
program is redirected somewhere, the error messages still appear on the console.

Keyboard input



Output

At last we're at the point where well talk about one of the mgjor confusionsin Javal/O, use of char (double byte)
versussingle bytel/O.

Reader s versus OutputStreams

Originaly, Javaonly had stream classes, and the streams only operated on bytes of data. However, charactersin Java
are two byteswide, and byte-oriented 1/O did not properly cope with internationalization.

So awider type of stream wasintroduced in JDK 1.1 specifically for character-based 1/0. Reader classes are able to
get Unicode character input two bytes at atime. Writer classes are able to do Unicode character output two bytesat a
time, asshown in Figure 17-2. Input and output streams operate on data one byte at atime.

Figure17-2. Your program outputsdatainto a stream or writer

Javal/O isoverly complicated to the newcomer because it relies on layering or wrapping classes. Y ou need two or
three classes to do anything. Y ou determine exactly what classesto use by reviewing three attributes of your output:

Whether you need 2-byte characters
What you will bewriting to (file, socket etc.)
What format you want to write (binary or printable)

Here are the steps for choosing the classesin detail:



Wrapping Additional Output Classes

As Figure 17-3 suggests, the javaio package has more classes that you can wrap around a Writer or OutputStream.
The additional Writer wrapping classes can do thingslikefilter the text asit goes by, or buffer it for performance. The
additiona OutputStream wrapping classes can bridge to a Writer class, filter, buffer, encrypt, and/or compressthat
datal When you wrap classes, only write from the outermost one. Otherwise, your I/0O may get scrambled dueto
interna buffering.

Figure 17-3. Wrapping morewriter classes

[View full Szeimage]

All these additiona wrappers go between what we have termed the top layer classes and the bottom layer classes. It
makes sense—the bottom layer (like FileWriter) isthe ultimate destination and nothing can come below that. The
top-layer class has the methods that pour the bitsinto the stack, so nothing can come above that. Additional wrappers
go between the two end points.

Well present two examples here. First, well show an example of using a FilterWriter to modify text asit getswritten.
Well dso show how aBufferedWriter is used in this example. The second example will use OutputStream 8-bit
wrappersto create azip file archive. If you haven't seen this before, you may be surprised at the smal amount of code
that achievesthese great results.

Additional writer wrappers
FilterWriter is an abstract classfor you to extend and override. It provides the opportunity to look at and modify 16-bit

characters asthey are output. Y ou could do the same thing by extending many of the other writer classes, but using this
class makes your purpose explicit.

Hereisan example program that post-processes the stream written into it and changes all "1"'sto "2"s. A Filter can do
other things like count lines, correct pelling mistakes, calculate checksums, or write an encrypted or compressed
Sream.

A Filter toreplacechars

In this example, the Filter overrides just two of the write() methods, but you may need to override any or dl of the
FilterWriter methods depending on which of them may be caled by your code.



I nput

The classesto do input are mostly the flip side of the output classes we have aready seen. Java programs access
externd data by ingtantiating a stream on the data source. Each place from which an input stream can flow hasaclass
dedicated to getting that kind of input. Input is read from a stream of data representing the file, pipe, socket, memory
array, or whatever. If you want to read 16-bit characters, you use a Reader class. If you want to read binary bytes or
ASCII, you use an input stream.

| nputting double-byte characters

Asusud, first decide between binary and character 1/0, then choose your class based on where the dataiis coming
from. For reading double-byte character data, you will use one of the Reader classes shown in Table 17-6. Note the
symmetry with the Writer classes.

Table 17-6. Choose the Reader class based on where the Input comes from

Get input from java.io class Congructors

Afile FileReader , , _
Fi | eReader (j ava.l ang. Stri ng)

throws java.io
= _ Fi | eNot FoundExcepti on;

Fi | eReader (java.io.File)
throws java.io

= _ Fi | eNot FoundExcepti on;

Fi | eReader (j ava.io. Fi | eDescri
ptor);

A char array inyour program. Y ou CharArrayReader Char Arr ayReader (char 1) :

read from the array passed to the

congtructor. Char Ar r ayReader (char[], i nt
fromint to);

A Stringinyour program. Youread — StringReader StringReader( String s)

from the String passed to the

congtructor.

A pipethat iswritten by a PipedReader

PipedWriter in another thread. Pi pedReader ()

Pi pedReader (Pi pedWiter
source)



Reader Wrappers

Thereisthe usua variety of wrapper classesthat can wrap a Reeder, shown in the Figure 17-4.

Figure 17-4. Wrapping the Reader classes

[View full Szeimage]

Classesthat wrap readers

The classesthat wrap a Reader are:

BufferedReader. This class can provide a performance boost, and aso has areadLing() method. The
BufferedReader needsto wrap the class that actually accesses the data (e.g., the FileReader or whatever).
Other classes may be layered on top of the BufferedReader, too.

FilterReader. Y ou subclass FilterReader, and your overriding methods alow you to see and modify individud
characters asthey comein—nbefore the rest of your program seesthem.

LineNumberReader. This class kegpstrack of the line number count on this stream. Y ou can find out the input
lineyou are currently on by calling getLineNumber(). This class doesn't redly offer enough valueto judtify its
existence. It was written to support the first Java compiler and included in the API for no better reason than
"Hey, wedready had it written”.

PushbackReader. This class maintains an internal buffer that alows charactersto be "pushed back” into the
stream after they have been read, alowing the next read to get them again. The default buffer szeisone
character, but thereis a congtructor that lets you specify alarger Sze. Y ou might use thisif you were assembling
successive characters into anumber and you come to a character that can't be part of a number. Y ou will push
it back into the input stream so it can beignored, but kept available for the next read attempt. Thisisless
necessary now that we have the Scanner class.



I nputting ASCII Charactersand Binary Values

Y ou choose an input stream when you want to bring bytesinto your program. Aswith Readers, you decide where you
want to read from, and choose one of the InputStream classes accordingly (see Table 17-7).

Table 17-7. Choose the InputStream class based on the source of the input

Read binary input from java.io Class Condructors
Afile FlelnputStream _
public
Fi l el nput Strean{(java.lang. Str
i ng) throws
L]

java.io. Fi | eNot FoundExcepti on

public
Fil el nput Strean{(java.io.File)
throws java

=i 0. FileNot FoundExcepti on;

public
Fil el nput Strean(java.io.FileD
escriptor);

A byte array in your program ByteArraylnputStream publ i ¢

Byt eArrayl nput St r ean( byt e
[1);

public
Byt eArrayl nput St rean( byt e
[T, int from int

= | en);

A pipetoberead by a PipedinputStream

PipedOutput-Stream in another thread public

Pi pedl nput Streamn(j ava. i o. Pi pe
dCQut put Stream

= throws
java.io.| OCException;

publ i c Pipedl nput Strean();

N HrirnnD Ffar A ot et iR Ff Ayl v P A Thic Al ace hae e Aanracsatadl: AAn'd



I nput Stream Wrappers

We have seen severd times how abasic I/O class can be wrapped or "decorated” by another 1/O class of the same
parent class. So it should be no surprise that an InputStream can have a Bufferedl nputStream and/or a subclass of
FilterlnputStream interposed between the FilelnputStream (or other data source) and the Datal nputStream.

Thereisquite avariety of InputStreams that can decorate the basic access classes. Figure 17-5 shows some, but by no

meansal, of the most popular classes.

Figure 17-5. Classesthat wrap I nputStreams

[View full Szeimage]

Y ou canwrap any or al of thefollowing output streams onto your original InputStream:

BufferedinputStream. This class must directly wrap the input source (e.g., the Filel nputStream) to get the most
performance benefit. Y ou want the buffering to start as early as possible. Wrap any other classes around the
buffered input stream.

Y our subclass of FilterlnputStream. Y ou will extend the class and override some or dl of the read methods to
filter the dataon theway in.

LineNumberlnputStream. This class kegpstrack of the number of newlinesit has seen in the input stream.

Pushbackl nputStream. This class allows an arbitrary amount of datato be "pushed back™ or returned to the
input stream whereit isavailable for re-reading. Y ou might do thiswhen you are trying to assemble a number
out of digitsin theinput stream and you read past the end of the number.

Sequencel nputStream. This class provides the effect of gluing severa input streams together, one after the
other, so that as one stream is exhausted you seamlesdy start reading from the next. Y ou might use thiswhen
your datais spread across severd datafileswith asmilar format.



Further Reading

Table 17-9 shows some online resources for more information on other 1/0 packages.

Table 17-9. Online resources for other 1/O packages

Package

Image 1/0

Speech

Logging

Communication ports (serid port)

Pinting

Onlineresources

java.sun.com/products/java-mediajai/whatis.html

API docs package javax.imageio

Programmer's guide at
Java.sun.com/productsjava-media/speech/forDevel operdj

sapi-guide/Preface.html

Overview &
javasun.com/j 2se/1.5/docs/guide/util/logging/overview.ht
m

API docs package javadutil.logging

See the home page at java.sun.com/products/javacomm/

The home page has a pointer to auser guide.

What Javacals"printing" isactudly "painting GUI objects
onto paper”. Be careful not to mistakenly read information
on the older print APIs.

javasun.com/printing/

APl User Guide:
java.sun.com/j 2se/1.5.0/docs/gui defjps/spec/IPSTOC.fm.
himl

API docs package javax.print. The APl docs contain a
smd| printing example.


http://java.sun.com/products/java-media/jai/whatis.html
http://java.sun.com/products/java-media/speech/forDevelopers/jsapi-guide/Preface.html
http://java.sun.com/products/java-media/speech/forDevelopers/jsapi-guide/Preface.html
http://java.sun.com/j2se/1.5/docs/guide/util/logging/overview.html
http://java.sun.com/j2se/1.5/docs/guide/util/logging/overview.html
http://java.sun.com/products/javacomm/
http://java.sun.com/printing/
http://java.sun.com/j2se/1.5.0/docs/guide/jps/spec/JPSTOC.fm.html
http://java.sun.com/j2se/1.5.0/docs/guide/jps/spec/JPSTOC.fm.html

Exercises

Measure the difference between buffered and non-buffered I/O operating with 10K 1-byte writes and one
10K B write, repeated 10,000 timesin aloop. Draw agraph to illustrate your results. How do the results
change with abuffer size of 128K B, 256K B, 512KB?

Modify the program that does a hex dump of afile so that it aso outputs any printable bytesin a set of columns
to theright of the hex dump on each line. Print the character if it hasaprintableform, and printa"." if it does
not. Thisensuresthat lines are the same length and columnsline up.

Write a Java program whose output at run-time is an exact duplicate of the program's source code. Now that
we have printf, the shortest Java program to do thisiswell under a page of code.

Write aprogram that prints atable of printable 1SO 8859-1 characters and their bit patterns.

Rewrite the hex dumper utility to use one or more Filter classes. Thefird filter can turn binary bytesinto the
equivaent printable hex characters. The second filter can insert the addresses and newlines at gppropriate
points.

Rewrite the deCSS utility (see Some Light Relief—Thelllegal Prime Number!) in Java. For extra credit, look
up the dgorithms on the web to actualy carry out the decryption of an encoded DVD stream, and write Java
code to do that. Does it run quickly enough to decode and play in real time? Explain why or why not.




Some Light ReliefF—The lllegal Prime Number!

By now everyoneisfamiliar with DV Ds—origindly an acronym for "Digitdl Video Disc," later changed to "Digital
Versatile Disk” for pointless marketing reasons. DVDs are smilar to CD-ROMsin many ways, with acrucid difference
that commercia DV Ds can hold about 8 GBytes, or more than ten times as much data as a CD. The tracks and the bits
in the tracks are packed closer together on aDVD, whichiswhy DVD players can read CDs but not vice-versa. If you
use asuitable compression technology, you can actualy squeeze up to 133 minutes of high-resolution video with severa
soundtracks and subtitles onto aDVD. The compression is essentia, and the movie industry uses the MPEG-2
agorithm that was designed for this purpose, and which provides 40-1 compression. The more efficient MPEG-4
(DivX) compression, which provides another fivefold reduction, is aso being introduced.

However, since the movie industry doesn't want to be Napstered (have their content ripped off and broadcast for free
on the Internet), they encrypt the MPEG-2 files using an agorithm called the Content Scrambling System, or CSS. If
you do adirectory listing of aDVD, you'll see some large .V OB files. These are Video OBjects, afancy name for
content-scrambled .MPG2 files. Every maker of DV D players on the planet is supposed to license the decryption
agorithm from the DVD Copy Control Association (DVD-CCA) for afee, and they impose severa restrictions on the
player. DCC-CCA isbdieved to be asubsidiary of Matsushita, the company mainly responsible for the development of
DVD and CSS. Some of itsrestrictions take away rights that consumers have long enjoyed under copyright law. They
seem more geared towards controlling what consumers can do, rather than dealing with problems of rip-offs and piracy.

So what are the regtrictions that licensed DVD players have to impose? CSS encryption dlows the DVD industry to
forceregion redrictionsinto al DVD players. There are six geographic regions (North America, Europe, etc.) and in
1999 they added a seventh for DVDsintended for airplanes. A player in region onewill refuseto play diskslabelled as
belonging to any other region. Region redtrictions alow the movie industry to sdl the same DVD at different pricesin
different markets. It prevents any DV Ds you buy on businesstrips outside your region from being played on your home
system. The CSS encryption aso prevents you from fast-forwarding past the copyright warning or advertisements or
any other content the producer wants you to see. Y ou can sall preview commerciasfor amuch higher priceif people
cannot skip past them. Some people speculate that CSSis aso paving the way for more restrictions such as DVDswith
alimited lifetime or limited number of viewings. The movieindustry blowsalot of smoke about CSS preventing
large-scale piracy, but CSS does nothing whatever to prevent pirates from copying DVDs. Itsonly purposeisenforcing
use limitations that take away the legd rights of consumers.

For along time, there was no software to play DV Ds available for Linux. If you had a shelf full of DV Dsthat you had
bought, you could play them al on your TV or Windows box, but because of the CSS restrictions, not on your Linux or
Solaris system. The CSS redtrictions were the equivalent of abook publisher enforcing arestriction that you could read
abook under incandescent lighting but not under fluorescent lighting or daylight. No onein the Linux community had the
meansto pay the"CSStax" to the DVD-CCA. Then, in October 1999, anonymous German hackers
reverse-engineered CSS. The source code to decrypt DV Ds was published on the web by a 15-year-old boy from
Norway. The program was caled "deCSS' because it reverses CSS, turning the encrypted files into ordinary MPEG-2
files

There then followed an extraordinary game of "whack-amol€" asthe DV D-CCA and the Motion Picture Association
of America(MPAA) tried to chase the source code around the web and sue it out of existence. That game continues
today. The 15-year-old boy was hauled off by the foolish Norwegian police who a so seized his PC and his cell phone.
The cdll phonewas alucky guess on the part of the cops, because he did actualy have aback-up copy of the source
sored init. Cell phones these days are effectively quite powerful computers, and aquarter of abillion cell phones (2004
figure) contain aJVM. After lengthy lega proceedings, the kid was eventualy found not guilty.


http://www.cs.cmu.edu/~dst/DeCSS/Gallery/
http://www.videolan.org
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It's of f to work we go!

[-O, 11O, 1/0.

This chapter follows on from the basic 1/0 chapter and provides information on more advanced /O techniquesin about
ahalf-dozen sections, mostly independent. The section on the new /O package (new in JDK 1.4 that is, with the name
java.nio) is needed to understand the three other JDK 1.4 features of pattern matching, filelocking, and character sets.
Y ou can read other sectionsin any order, or indeed skip the entire chapter now and return when you need information



Random Access File

Until now we have seen how input and output is done in aseriad mode. However, sometimes we want to be ableto
move around insde afile and write to different locations, or read from different locations, without having to scan dl the
data. Traveling in afile stream in such amanner iscaled "random access'.

Javahas arandom accessfile class that can do these operations. Thisis not an indexed sequentid file or adirect access
file of the kind supported by data processing languages. Those two techniques require the creetion and maintenance of
specia indexesto addressthefile. The classjavaio.RandomA ccessHile does not use indices, but lets you access afile
asthough it were an array of bytes. Thereisan index or pointer that says where the next read or write will take place.

Y ou st the position of the file pointer with the method seek(), giving an argument that is the absol ute offset into thefile.
When you st thefile pointer, the next access will take place at the offset indicated. Because of the way operating
systems sorefile contents, moving around in afile does not necessarily involve inefficient reading and rereading.

classjava.io.RandomAccessFile

public class RandonmAccessFile inplenments java.io.DataCQutput, java.io.Datal nput {
publ i ¢ RandomAccessFil e(java.lang. String,java.lang. String) throws
java.io. Fi | eNot FoundExcepti on;
publ i c RandomAccessFile(java.io.File,java.lang.String) throws java.io
= _Fi | eNot FoundExcepti on;
public final java.nio.channels.FileChannel getChannel(); // used for locking file
public final java.io.FileDescriptor getFD() throws java.io.| OException;
public native int read() throws java.io.| OException;
public int read(byte[], int, int) throws java.io.|OException;
public int read(byte[]) throws java.io.l OException;
public final void readFully(byte[]) throws java.io.| OException;
public final void readFully(byte[], int, int) throws java.io.|OException;
public int skipBytes(int) throws java.io.| CException;
public native void wite(int) throws java.io.| OException;
public void wite(byte[]) throws java.io.| CException;

public void wite(byte[], int, int) throws java.io.| OException;



Running Commands and Getting Output From Them

This section explains how to execute a program from Javaand read the output of that program back into your
gpplication. Just asareminder, the use of OS commandsin your code destroys portability.

If you can live with that limitation, there are four general stepsto executing a program from your Java program.

1.
Get the object representing the current run-time environment. A static method in class java.lang.Runtime does
this

Cdl the exec method in the run-time object, with your command as an argument siring. Give the full path name
to the executable, and make sure the executable redly exists on the system. The cal to exec() returns a Process
object.

Connect the output of the Process (which will be coming to you as an input stream) to an input stream reader in
your program.

Y ou can either read individua characters from the input stream, or layer a BufferedReader onit and read aline
a atime asin the code below.

Many books use the example of getting alist of filesin adirectory, even though there is aready a Javamethod to do
that in class File. Thefollowing codein classjavaio.Filewill return an array of Strings, one string for each filenamein
the directory:

File f = newFile(".");

String nyFiles[] = f.list();

Thefilewith the specia name of "." is used on many operating systemsto refer to the current working directory. Wewill
use adifferent example here. We will execute acommand in our Java program to make afile read-only. On Linux or
other Unix, the command used would be"/bin/chmod a-w", on Windows we use the "attrib +R" command as shown in
thefollowing code.

Executing the attrib command from Java



Formatted String Output

Support for formatted output was introduced with JDK 1.1, in package javatext. Thereisaclasscaled
javatext.Decima Format for formatting numbers, and a class DateFormat for formatting dates and times. Other classes
provide support for collation (sorting order), and formatting program messages to users.

Most people now will prefer to use the standard formatting used in C and printf, available from JDK 1.5in class
javautil.Formatter. Please refer to the Chapter 17 for adescription of these features.



Writing Objectsto Disk

Weve dready seen how to write out strings, ints, doubles, etc., in both printable and binary forms. It may surprise you
to learn that you can also write out, and later read back in, entire objects. When you seridize (write out) a single object
to adata stream, it automaticaly savesthe object, namely, dl itsinstance data. If any of these non-dtatic fields reference
other objects, those objects are seridized too. That way, when you later deseriaize (restore) the object, you get back
the object and dl its member fields pointing to al the things they pointed to before—everything needed to recongtitute
theorigind object.

For example, if you seridize one ement of adoubly linked ligt, everything it references, and everything the references
reference, and so on, will be saved. For an dement of adoubly linked list, that means the elements on each side of i,
and the dements on each side of those (one of which isthe original € ement—that doesn't get written out twice), and o
on until the entire list has been written to disk.

The point of including everything that your object connectsto, and dl the things they connect to and so on, isto ensure
that (when you read them back in) you can use those objects with the same state and contents that they had when you
origindly wrote them out. Doesn't this swell up the Size of what you're writing until it's as big as your entire program?
Objects contain references to their member fields, but members tend not to back reference the object of which they are
afidd. That meansthe links mostly go oneway, and so seridized objectsin practice remain amanagesble size.

It's quite powerful to be ableto do 1/0 on an entire graph of objects with one smple method cdl. If an object can be
written to a stream, it can aso be sent through a socket, compressed, encrypted, read out of a socket on another hog,
backed up onto afile, and later read back in again and reconstituted.

To make an object seridizable, dl you need do is makeits classimplement the Seridizable interface. The interface
javaio.Seridizable doesn't have any methods or fields. It isan example of the Marker Interface design pattern. The
purpose of requiring aclassto implement an empty interface isto identify to other programmers and to the run-time
library that it can be seridized. Hereisaclassthat can be seridized:

package java. util

public class Date inplenents java.io. Serializable { ...

Hereishow you can seridize aDate object, and saveitin afile:

/|l first create the file



New |/O Package

JDK 1.4 introduced a package called javanio. "Nio" standsfor "new I/O" (so the JDK 1.51/0
improvements must be "even newer than new 1/O"). The java.nio package and subpackages
support four important features not previoudy wel-provisoned in Java:

A non-blocking /0 facility for writing scaable servers

A fileinterface that supportslocks and memory mapping

A patern-matching facility based on Perl-style regular expressions
Character-set encoders and decoders

Instead of building these on top of streams or file descriptors, these features are implemented using two new concepts:
buffers and channels.

The right way to understand abuffer isto think of it asabig array in memory that holds data. Just like an array, abuffer
can only hold thingsthat are dl the same type. So you can have a byte buffer, a char buffer, ashort, double, float, and
int buffer. If your file containsamixture of floats and ints, you can pull them out of a Byte Buffer. Byte Buffer has
methodsto get and put al the primitive types except boolean.

The idea behind the Buffer classisto have aregion of memory which can be accessed from both native code and Java
at the sametime, and that region has some specid 1/0 characterigticsin the native OS. Buffer isakind of "native"
array—native code can access it directly, and Java can use method callsto get its hands on the contents.

Because a buffer is essentidly an areaof memory, it can do things relating to memory, like clear its contents, support
read/write or read-only operations, give you arange of dements, and tell you how many data elementsit contains.

The second new concept in javanio isthe channd. A channd isaconnection between a buffer and something that can
give or receive data, such asafile or asocket. Because a channel connectsto an underlying physical device, it can do
things relating to an 1/0 device like support read/writes or provide file locks. There are channel classes specidized for
files, for sockets, for pipes, and so on. Y ou may think of achannd as an aternative to astream. It has fewer fancy
features (no elaborate wrapper classes), but it may have higher performance.

When to use channd 1/0




Memory Mapped |I/O

Let'sreturn to the topic of memory-mapped I/0. We stated that file channd gbuffers are an dternative to reads/writes
on streams. Memory-mapped 1/0 is an dternative to both, implemented as a refinement to channe gbuffers. Thewhole
point of mapped 1/0 isfagter 1/0. When transferring large amounts of data, mapped 1/0 can be faster because it uses
virtua memory to make the file contents appear in your address space. It takes some initia setup and puts more work
on the virtud memory subsystem, but mapped 1/0 avoids the extra copying from buffersin kernel memory into buffers
IN your process.

When you read with astream, the OS reads from the disk into a buffer owned by the device driver and then movesthe
contents from kernel space to your buffer in user space. Memory mapping only needs a couple of bitstwiddled in the
VM system to say "that disk pageisnow part of this process address space.” So why doesn't everyone use mapped
I/0 dl the time? Kernel whackers do, and the rest of the world is still hearing about the feature. Also, it's not part of the
ANSI C AP, whichisone of the most widely used I/0 APIs.

It came from Multics

Mapped memory isaso known as shared memory. Aswell as offering performance improvementsfor larger files, it can
be used for bulk data transfer between cooperating processes that al map in the samefile. These processes don't even
have to be on the same system, aslong as the samefileisvisible to each. Mapped fileswerefirst used in Multics, the
1960s operating system that was wildly over budget and schedule, but which was the stepfather of Unix (and thusthe
ancestor of Linux, MaxOS X, and Solaris, too).

When you do a map operation on a FileChanne to map afileinto memory, your return vaue is amapped byte buffer
that is connected to thefile. The run-time system is expected to use the operating system features for memory mapping.
The result isthat when you write in the buffer, that data appearsin thefile. If you read from the buffer, you get the data
that isinthefile. Everyoneisfamiliar with the way an operating system can read an executable file and make the
instructions appear in the address space of aprocess. Mapped /0 does essentially the same thing for datafiles. The
sgnature of FileChannd's map method is:

MappedByt eBuf f er map(int node, |ong position, int size)

throws | CExcepti on;

The position argument isthe offset in the file where you want the mapping to start. Thiswill usudly be offset zero, to
dart at the beginning. The Szeisthe number of bytesthat you want from thefile. Thiswill usudly be myFilelength() to
get thewhalething.

The mode argument is one of FileChanne .MapMode READ_ONLY,



File L ocking

Aswe saw in the threads chapter, sometimes you have two things going on at once in aprogram, and to keep them
sraight you may need to sop them from doing the same thing together. This Situation can occur in file handling. An
example would be adatafile that severa programs want to update at the sametime. Let's say the last record in thefile
containsthetota of al the other recordsin the file. When a program updatesthefile, it first writesthe new datavaue,
then it reads the current total, adjustsit for the new vaue, and writesit back. If another program should happen to come
aong a just the wrong time, both programs may read the old total, then they will both update it, but one update of the
total will overwrite the other. Result: two data changes, but only one change to the total, so thefileis now inaccurate.

Oneway to avoid this Stuation isto use threads and synchronize them on some suitable object. That only works when
al the threads trying to update thefile are running in one VM. Many applications cannot accept that limitation, whichis
wherefilelocking comesin. Using the new FileLock classintroduced in JDK 1.4 as part of package javanio, the
programmer can lock part or al of afilefor exclusive access.

Asareminder, amethod called getChannel () has been added to each of the Filel nputStream, FileOutputStream, and
RandomA ccessFile classes. Invoking the getChannel () method upon an instance of one of those classes will return afile
channel connected to the underlying file.

Once you have the FileChannel object for an output file, you cal itslock() or tryLock() method. Lock isablocking
call—it won't return until it has the lock, or the channdl is closed, or the thread interrupted. The method tryL ock() isnot
ablocking call. It returns at once, whether it got thelock or not. The return value from both these callsisa FileL ock
object or null. Both of these methods have variants that let you provide arguments to specify that aregion of thefile
(rather than the whole thing) islocked. That alowsfiner control over how much different processes stay out of each
others way, with consequently better performance.

Hereisan example program that repeatedly triesto acquire alock. When it getsthe lock, it prints amessage saying o,
and deepsfor two seconds to smulate doing some work with thefile. It then releasesthe lock. It degpsafurther third
of asecond and does the whole thing over again.

i mport java.io.*;
i mport java. ni o.channel s. *;
public class Lock {
public static void main(String[] a) throws Exception {
/] Get a Channel for the file
FileQutputStreamfos = new Fil eCQut put Stream("data.txt");

Fi | eChannel fc = fos. getChannel ();

PR AL Y JE A r



Charsets and Endian-ness

A character set, dso known as an "encoding,” isthe set of bit patterns used to represent a set of characters. ASCII is
one popular encoding. EBCDIC isafamily of character setswith regiond variations used on IBM mainframes. Unicode
isathird encoding. Before describing the character sets available to Java, we need to explain " big-endian” and "
little-endian™ storage conventions.

Big-endian storage

Endian-ness refersto the order in memory in which bytes are stored for amulti-byte quantity. Thetermisawhimsicd
reference to the fable Gulliver's Travels, in which Jonathan Swift described awar between the Big-Endians and the
Little-Endians, whose only difference wasin where to crack open ahard-boiled egg. It was popularized in the famous
paper, "On Holy Wars and a Pleafor Peace" by Danny Cohen, USC/ISI IEN 137, dated April 1, 1980. It'sa cool
paper, well worth reading, and you can easily find it on the web if you search.

All modern computer architectures are byte-addressable, meaning every byte of main memory has a unique address. If
you store a multibyte datum in severa successive addresses, should the most significant byte of the datum go at the
highest address or the lowest address? Big-endian means that the most significant byte of an integer is stored at the
lowest address, and the least Significant byte at the highest address (the big end comesfirst).

In other words, if you have an int value of 0x11223344, the four bytes:

0x11, 0x22, 0x33, 0x44

will belaid out in memory asfollows on abig-endian system:

base address +0: O0x11
base address +1: 0x22
base address +2: 0x33

base address +3: 0x44

The SPARC, Motorola 68K, and the IBM 390 series are dl big-endian architectures. Big-endian has the advantage of

tdlinA if antimber 12 nngativie or neaativie by 111 lonkina at the fira hvie 1H'e alen thewa we read and wirite nt imbere in



Exercises

10.

(Random Access Files) Cregte adatafile that containsten intsand along. Thelong value holds thetotd of the
ints. Write a program that repeatedly checksthetotal is correct, chooses one of the ten ints at random, changes
it to arandom vaue, and updatesthe total.

(Seridization) Write aprogram that creates ajava.util.Vector object and adds various arraysto it. Seridizethe
Vector to afile. Read the Vector back in, and write the code to check that it contains the same contentsthat it
had when written out. Modify the seridized file to give one of the arrays different content. (Hint: strings are easy
to update in afile.) Check that your program detects the change.

(Channdls, Buffers) Write aprogram that has two threads. One thread should engage in I/O using achannel. It
should contain a handler for ClosedBYInterruptException and AsynchronousCloseException. The other thread
should cdll the interrupt method of thefirst thread. The first thread should catch the exception, re-open another
channd and carry on with I/O. Put thewhole thing in aloop and run it overnight. Isit reliable enough that it is
gill running in the morning? Isyour operating system reliable enough to cope with this?

(Channels, Buffers) Write aprogram to measure the difference in performance between /O through adirect
(mapped) buffer and anon-direct buffer. Y our program should output a512 KByte array of ints 1,000 timesin
aloop to the same random accessfile. Is the performance of input any different? Account for any differences.

(Channdls, Buffers) Take the example program that shows memory-mapped 1/0 for an input file and modify it
so that the output is done by mapped 1/0 too.

(Locking) Take the program written for the random accessfile exercise (question 1 above). Run two copies of
the program and demonstrate that the total quickly goes awry.

(Locking) Update the program in the previous exercise to protect the file by locking it. Run several copies of the
program overnight to show that it works correctly.

(Locking) Update the program in the previous exercise o that it locks only the regions of thefilethat it isgoing
to update: the random int and the totdl field. Measure the performance of this code and compare it with the
code from the previous exercise. Isit faster or dower? Account for any performance differences.

(Encodings) Write a program that prints aneet table of EBCDIC and ASCII characters and their associated bit
patterns.

(Encodings) Write a codeset program to write out datain al the standard encodings and confirm how the bytes
are swapped with the different character sets.



SomeLight Relief—Thelllegal T-shirt!

The story so far: Thelight relief in the previous chapter described how the Motion Picture Association of America,
combined with a shadowy Japanese-controlled organization known asthe DVD-CCA, werefurioudy trying to Stuff the
toothpaste of DV D decryption back into the tube of secrecy. Their efforts were aided by abad U.S. law known asthe
1998 Digitd Millennium Copyright Act.

The DMCA isnot thefirst piece of bad law affecting the Internet. The Communications Decency Act lasted lessthan a
year before the U.S. Supreme Court struck it down as uncongtitutional in 1997. The DMCA isabad law becauseit tilts
the balance between consumers and copyright holders too heavily toward copyright holders. Many kinds of ordinary
lega uses of DV Ds, such as playing them with your DVD player of choice on the computer of your choice, have
become effectively illega under the DMCA.

Every once in awhile, common sense collides with the law. It's not quite the irresistible force meeting theimmovable
object because the law must dwaysyield to common sensein the long run. But it can be pretty entertaining in the short
run. Takealook at the picture of this T-shirt (Figure 18-1).

Figure18-1. Wear a T-shirt; gotojail!

The T-shirt contains afew lines of C code on the back, and the DV D Copy Control Association (DVD-CCA) issuing
the vendor to try to drive this T-shirt off the market!

The diani te center< aroi ind thoe fan lines of C code on the back of the dhirt Thev are it reqiilar line< of C code
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Exercises

Some Light Rdlief—Exchanging Apples And Crays

This chapter provides an introduction to some classesin the java.util and related packages that have utilities for your
code to use. We start with the regular expression support that alows you to do pattern matching of Strings. After that,
welook at the Date and Caendar-rel ated classes, which have confused and frustrated many people.

The chapter finishes with abrief look at some data structure classes that predate Collections, but are still useful. The rest
of thisbook is devoted to explaining more Javalibraries and showing examples of their use. Let's get going with regular
expressions and pattern matching.



Regular Expressions And Pattern Matching

This section uses the I/O features described in the previous chapters and describes the regular expression pattern
matching feature that was introduced with JDK 1.4.

If you havetyped "dir * java' to see dl the Javafilesin adirectory, you have used aregular expression for pattern
matching. A regular expression isa String that can contain some specia charactersto help you match patternsin text. In
this case, the agterisk is shorthand for "any charactersat al”. The name"regular expresson” was coined by American
mathematician Stephen Kleene who developed the expressions as a notation for describing what he called "the gebra
of regular sets'. The asterisk isdso cdled a"Kleene sar.

JDK 1.4 introduced a package called java.util.regex that supports the use of regular expressions. Using the classesin
that package lets you answer questions like "Doesthis kind of pattern occur anywherein that String?*, and you can split
Strings apart and create new Strings with changed contents. These sorts of operations are very useful in the following
contexts.

Web searches (you can use regular expressionsin many search engines).
Emall filtering (discard email wherethe "From:" line matches wel-known spammers)

Text-manipulation tasks. Source code editors usualy have away to search using regular expressions. If you
don't know how to do pattern matching in the editor you use to edit programs, you aren't yet reaching your full
potential asaprogrammer. Plus, it'sagreat way to beguile other programmers who look over your shoulder.

Theréslots of good news about regular expressonsin Java. Firgt, the language of regular expressions (the way you
form regular expressons, the special symbols and their meaning) isvery smilar to that used by Perl. Thereareafew
obscure things supported by Javathat Perl 5 doesn't support, and vice versa. Javaislessforgiving about badly formed
expressions. But if you aready know Perl, theré'slessto learn about Java pattern matching. If you don't use Perl, your
Javaregex knowledge will get you jump-started.

Best of dl, Javaregular expressons are smple. There are only three classesin the package, and one of thoseisan
exception! Wdl, you can't redly judge the complexity of alibrary by the number of classesit has, but regular
expressions are sraightforward. Pattern matching isimportant, and well cover it in some detail.

Let's say you have a String somewhere, and you want to look for apatterninit. A pattern will be something like"at
least one letter or digit (and maybe many) followed by a colon followed by a space, followed by at least one letter or
digit (and maybe many)". The stepsto look for apattern in aString, s, include:

1
Y ou specify the pattern with a String, p, holding aregular expression representing the pattern.



Calendar Utilities

The JDK 1.0 support for dates was poorly designed. With the benefit of hindsight, it would have been better to throw it
out and start over again, but backward compatibility was seen asthe more important god. In JDK 1.1 most of the
congtructors and methods of java.util.Date class were deprecated, and other classes were provided to offer better
support for time zones and internationdization.

Thefollowing classes specifically relate to date and time:

The class Date represents a specific ingtant in time with millisecond precision. It'sredly atimestamp, not adate.

The class Cdendar is an abstract classfor converting between a Date object and aset of integer fields such as
year, month, day, and hour.

The class GregorianCaendar isthe only concrete subclass of Caendar in the jdk. It does the date-to-fields
conversionsfor the caendar system in common use.

The class DateFormat is an abstract classthat lets you convert a Date to a printable String with fidlds in the way
you want (for example, dd/mm/yy or dd.MMM.yyyy).

The class SmpleDateFormat is the only concrete subclass of DateFormat in the jdk. It takes aformat String
and either parses a String to produce a date or takes adate and produces a String.

The class TimeZoneis an abstract classthat represents atime zone offset and also ca culates daylight savings
time adjustments.

The class SmpleTimeZoneisthe only concrete subclass of TimeZonein the JDK. The class defines an ordinary
time zone with asmple daylight savings and daylight savingstime period.

Not only was date and time support poorly designed, it was poorly implemented and full of bugs. The good newsisthat
many of the bugs were corrected in 1.1.4 and 1.1.6. In JDK 1.2, the most common problems were corrected. This part
of the JDK has been maintained by IBM.

Y ou can ingtantiate Date with no arguments to represent the current moment.



Other Utility Classes

BitSet

Thisclassmaintainsaset of bitsthat areidentified by the value of an integer, like an array index. Y ou can have over two
billion individua bitsin aset (if you have enough virtua memory), each of which can be queried, set, cleared, and so on.
The bit set will increase dynamically as needed to accommodate extra bits you add.

public BitSet(); // constructor

public BitSet(int N); // constructor for set of size N bits
public void or (BitSet s); // OR s one bit set agai nst another.

public void set (int i); // sets bit nunber i.

public int size(); // returns the nunber of bits in the set.

Stack

The Stack class maintains a Last-In-First-Out stack of Objects. Y ou can push (store) objectsto arbitrary depth. The
methodsinclude:

public Cbject push(Cbject iten); /] add to top of stack.

public Cbject pop(); /1 get top of stack.

In addition, there are three other methods not usually provided for stacks:

nithl i e bool ean enntv(): // nothi nd on t he <t ack?


http://java.sun.com

Further Reading

The book Java Regular Expressions: Taming the java.util.regex Engine by Mehran Habibi (published by APress, 2004)
isgeneraly regarded asagood study on thetopic. If you are interested enough to want to play around with Perl, you
can vigt the www.perl.com/ website to find tutorials and download a free copy of the software. O'Rellly sponsorsthe

Perl website, and they also support a corresponding "Javain the Enterprise” website at www.onjava.conv. They have
some good Java articles and other resources.

See devel oper.java.sun.com/devel oper/technical Articles/rel eases/1.4regex/ for more information on Javaregular
expressions.



http://www.perl.com/
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http://developer.java.sun.com/developer/technicalArticles/releases/1.4regex/

Exercises

(Petterns, easy) Do aweb search to find dl the piecesthat comprisea URL initsfull generdity. State what
these pieces are. Write a pattern-matching program that checks URL sfor validity (such as no embedded
spaces). Show the output of your program when run on both good and bad URLs.

(Petterns, medium) An email message consgts of an arbitrary number of headers, then ablank line, then the
body of the text. The headers al have alabel followed by acolon, aspace, and some optiona text al on one
line. The"From:" and "To:" headers are required, and comefirst in that order. The pattern would begin
something likethis

Pattern email = Pattern.conpil ¢(
"AFrom .*$" /1 "From line
+ "~To: .*$" /1 "To" line

Write the rest of a pattern to match an email message, and use capturing groups to separate the individual parts.
Don't forget to make thisamultiline pattern.

(Patterns, harder) Write a pattern that matches the Javaregular expressions presented in thistext. Thisis severa
days of work. Run your meta-pattern matcher on al the Javaregular expression Strings shown in this chapter.
Account for any that it does not accept.

(Math, medium) Convince yoursef that the nextGaussan() numbersform abell curve by writing aprogram to
actualy doit. Hint: Youl'l find it easier to plot agraph usng ASCII text if you generate the valuesfirst, save
them, and sort them into order before plotting the values. Which of the collection classesisagood choiceto
help with storing and sorting?



Some Light Reliefl—Exchanging Apples And Crays

Theresan old story that "The people at Cray design their supercomputers with Apple systems, and the Apple designers
use Crayd" Apart from this being aterrific example of recurring rotationa serendipity (what goes around, comes
around) isthere any truth to it?

Like many urban legends, this one contains anugget of truth. The 1991 Annua Report of Cray Research, Inc.,
contained a short article describing how Apple used a Cray for designing Macintosh cases. The Cray isused to smulate
the injection molding of the plastic enclosure cases. The Mac 1l case wasthefirst Apple system to benefit from the
modeling, and the trid was successful. The smulation identified warping problems that were solved by prototyping, thus
saving money in tooling and production. Apple also usesits Cray for smulating air flow inside the enclosure to check for
hot spots. The Cray magazine aso reported that the Apple PowerBook continues to use supercomputer smulations.
(Cray Channels, Spring 1996, pp.10-12 " Apple Computer PowerBook computer molding simulation”).

Theinverse story holds that Seymour Cray himself used a Macintosh to design Crays. The story seemsto have
originated with an off-the-cuff remark from Seymour Cray, who had a Macintosh at home and used it to store some of
hiswork for the Cray 3. Common sense suggests that the smulation of discrete circuitry (Verilog runs, logic anayss,
and so on), which ispart of al modern integrated circuit design, isdone far more cost-effectively on alarge server farm
than on amicroprocessor. Cray probably has alot of supercomputer hardware ready for testing asit comes off the
production line.

It's conceivable that a Macintosh could be used to draft the layout of blinking lights for the front of a Cray, or choose
some nice color combinations, or some other non-CPU intensive work. A Macintosh isavery good system for writing
design notes, sending email, and drawing diagrams, al of which are equaly essentia parts of designing acomputer
sysem.

The good folks a Cray Research have confirmed in aCray Users Group newdletter that they have afew Macson the
premisesWhileit'sunlikely that they run logic smulations on their Macs, we can indeed chak it up as
only-dightly-varnished truth that "the people a Cray design their supercomputers with Apple systems, and the Apple
designersuse Crays'.

All the action in supercomputersisin clusters these days, not in super-powerful monalithic mainframes. Also bear in
mind that Moore's Law means that the desk-side G5 Mac in 2004 (236 MFLOP) is more powerful than the Cray 1
(160 MFLOP) super computer reigning nearly 30 years earlier in 1976.



Chapter 20. GUI Basicsand Event Handling

All About Event Handling

Tipsfor Simming Down Handler Code

Summary of Event Handling

Exercises

Some Light ReliefF—The Mouse That Roared

All GUI libraries have four basic areas of functiondity:

Crestion of user interface "controls' or components, such as scroll bars, buttons, and labels.

Support for giving behavior to the controls by connecting GUI events (for example, clicking a button) to code
that you write.

Support for grouping and arranging the controls on the screen.

Support for ng window manager facilities, such as specifying which window has the input focus, reading
JPEG and other imagefiles, and printing.

Related graphics libraries dso provide support for graphics operations, such as drawing an arc, filling a polygon, and
clipping arectangle. There may even be acomplete 2-D and 3-D drawing library, smilar to the onesin Java.

For thefirst couple of major releases, Java supported GUI operations with a package called java.awt. The"AWT"
gandsfor "Abstract Window Toolkit." The AWT supported the portability goas of Java Thetoolkit gave user
programs acommon binary window interface on systems with different native window systems. That's avery unusua
feature, like having your favorite Macintosh program run on aWindows PC and till do GUI operations. Y ou might
wonder how it isdone.

Y ou can cal methodsin the AWT run-timeto pop up a native menu, resize awindow, get the location of amouse click,
and so on. Javathen callsthrough to the native GUI library. Events coming back from the GUI go into the Java
run-time, and are passed on to your code as appropriate. The Java bytecode is the same on each platform, but the



All About Event Handling

Firgt, afew necessary words of explanation about the programming model for window systems. Unlike procedural
programs in which things happen sequentialy, windowing programs are asynchronous, because actions occur &
unpredictable times. Y ou never know which of the onscreen buttons, menus, frames, or other e ements the user will
touch next. Accordingly, amode known as event-driven programming is used.

In event-driven programming, the logic of your codeisinverted. Instead of oneflow of control from beginning to end,
the run-time system dtsin a"window main loop" ssimply waiting for user input. When the user clicksthe mouse, the
operating system passesit to the window manager which turnsit into an event and passesit on to ahandler you supplied
earlier. Thisisknown asacallback. Y our handler isacallback routine, because the window system calsback to it
when the event happens. Y our event handler deals with the graphics event and any work associated withiit.

If abutton says "press here to read thefile," your code must arrange for the file to be read when cdled. Handling a
button event means noticing that it occurred and doing the associated action, but other events may involve some
drawing on the screen. For example, dragging something with the mouseisjust repestedly drawing it under the mouse
coordinates as it moves.

Java event model

The event moddl isthe namefor the framework that turnsa GUI interaction (mouse click, menu selection, button press,
etc.) into acdl for your code to processit. The event modd can aso be used for something unrelated to the GUI, likea
timer going off. In other words, the event modd is the design for connecting your code to any kind of asynchronous
actions, caled events, for handling.

The window manager can't directly cal your event-handling routines because the run-time library doesn't even see your
code until it isasked to runiit. Therefore, at run-time the event model has to be told which of your routines handle events.

Javaorigindly used inheritance to tie together your code and the event model. JDK 1.1 introduced a better approach
caled the delegation-based modd. Some of the Java documentation il refersto "1.1-style events," which isthe current
model. To get any events, your code hasto begin by telling the window system, "send those events of yoursto these
methods of mine". Y ou connect the controls that generate events by registering a callback with your event-handling

classes, as Figure 20-1 shows.

Figure 20-1. How eventsare passed in JDK 1.1

[View full Szeimege]




Tipsfor Simming Down Handler Code

Inner classes are intended for event handlers. The inner classes dlow you to put the event-handling class and method
right next to where you declare the control or register the callback listener. Anonymous classes are arefinement of inner
classes, dlowing you to combine the definition of the class with the instance alocation. The following example showsthe
code rewritten using an anonymous class:

i mport javax.sw ng.*;
i mport java.aw.event.*;

public class O oseDenp2 {

public static void main(String[] args) {
JFrane jframe = new JFrane("Exanpl e");
j frame. set Si ze(400, 100);

jframe. setVisible(true);

j frame. addW ndowLi st ener ( new W ndowLi stener() { // anon. class
public void wi ndowd osi ng( W ndowEvent e) {Systemexit(0);}
public void wi ndowd osed( W ndowEvent e) { }
public void wi ndowOpened( W ndowEvent e) { }
public void wi ndow coni fi ed(W ndowkEvent e) { }
public void w ndowDei coni fi ed( W ndowEvent e) { }
public void wi ndowActivat ed(W ndowkEvent e) { }
public void w ndowDeacti vat ed( W ndowEvent e) { }

} ); // end of anonynous cl ass.

Try to compile and run this code example. Y our CloseDemo2.javafile generates classfiles called CloseDemo2.class
and CloseDemo2$1.class. The second item represents the anonymous WindowL istener inner class.



Summary of Event Handling

We have seen a specific example of handling the event generated by closing a Window. It can be written more
compeactly if you writeit asan inner class or even as an anonymous class. Y ou can junk even more unneeded code if
yOu use an adapter class.

There are severd kinds of eventsfor the different controls: a button generates one kind of event, atext field another,
and so on. To impose order and to divide them up according to what they do, there are approximately 12 individual
Listener interfaces shown in Table 20-1 on page 507. They al work the same way: you write ahandler classthat
implements the interface, and register it with the control. When the control fires an event, the method in the handler
object that you registered is called.

Thekey points about GUI handling include the following:

Each SomethingListener interface has one or more methods showing the signature of a method thet is caled
when the corresponding SomethingEvent occurs.

Y our handler code implements the SomethingListener interface and therefore has methods with signatures that
fulfill those promised in the interface.

Each control has a method caled addSomethingListener(). The addSomethinglistener() method takesasingle
argument, an object that implements the SomethingListener interface.

Swing requiresthat al code that might affect GUI components be executed from the event-dispatching thread.
A sectionin Chapter 21 explainsthis concept.

Y ou call addSomethingListener(), usng an instance of your handler class asthe parameter. Thisregisters your
object asthe handler for that kind of event for that control.

The SomethingEvent classisasubclass of class AWTEvent and stores dl the information about what just happened,
where, and when. An object of the SomethingEvent classis passed to the method in the SomethingListener interface. It
sounds more complicated than it is. Figure 20-4 shows the design pattern.

Figure 20-4. Design pattern of JDK 1.1 event handling



Exercises

Review the javadoc pagesfor classes and interfacesin package java.awt.event. How many classes and
interfaces exist?

Write a program that displays a JFrame. Ingtdl akey listener and the three kinds of mouse listener on the frame.
Print out each event that is received. Are you surprised at the number of mouse motion events?

The source code for the event interfaces and their methods can also be reviewed in the directory
$IAVAHOME/srcljavalant/event. (3JAVAHOME isthe location where you ingtalled the release. On my
sysemitisC:\jdk1.4.)

Take alook at MouseWhed Event.java, which shows how support for the new mouse whedlswas added in
JDK 1.4. What information can a mouse whedl event convey?

After doing the previous exercise, design and describe the event that represents a Zap. Zaps are delivered from
the new "Wendy Wand" hardware that can be pointed at any component and invoked with awink and a shake.
Zaps have alocation on the screen, a Zap-strength field (wimpy, medium, stun, or to-frog), and a Zap-Color.

Write aprogram that displays a JFrame and handles Zap events. Simulate Zap events by instantiating them and
posting them to the event queue. Class java.awt.EventQueue has amethod postEvent() that will do thisfor you.
Perhaps you could make amouse click generate aZap event inits handler.



Some Light Relief—The Mouse That Roar ed

Just about everything computer-related must have been designed for thefirst time or donefor thefirst time by
somebody. At some point there must have been the firgt editor, the first debugger, the first core dump, the first disk
drive.

Sometimes these events are surprisingly recent. Sometimesthey are old. The term "core dump”, which isacopy of the
contents of a processs memory, is pretty old. It dates back to the early 1950s when computer memoriesredly were
composed of cores. Main memory was built out of tiny ferrite rings or "cores' threaded on fine wires which could
induce or reverse amagnetic polarity in the cores. Memory was literally made up of coresthat each held one bit, and
the contents of memory was a " core dump”. Switching timewas dow, but it didn't matter because processors were
dow too, with cycletimesin the milliseconds.

One of the computer "firgts' wasthe first mouse pointing device. We even know where thiswas launched: at the Fal
Joint Computer Conferencein San Francisco in October 1968. It took another 16 years before memory and graphics
software got cheap enough to bring the mouse into everyday use with the 1984 Apple Macintosh.

The pioneering inventor of the mouse was computer scientist Doug Englebart (pictured in Figure 20-5 in 2001), who
worked at the Stanford Research Ingtitute in Menlo Park, CA. Doug was interested in graphical displays and ways of
improving the human-computer interface. He had the ideafor a hand-operated pointing device in 1964, and it took four
yearsto completeit.

Figure 20-5. Mouse inventor Englebart

At that time, there were no computersfor persona use. Time-sharing was just beginning, and the only people with
graphica displayswere radar operators. Doug had to persuade managers at SRI to buy an $80,000 graphics console
to support his research project. He could foresee atime when screens would replace teletypes, and computers would
be cheap enough to have severa a home.


http://java.sun.com/products/javamedia/speech/
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More About Swing Components

Further Reading

Exercises

Some Light Rdief—The Bible Code

In Chapter 20, we saw that the basic idea behind Java GUI programsisthat you perform the following actions:

Declare controls. Y ou can subclass them to add to the behavior, but thisis often unnecessary.

Implement an interface to get the event handler that responds to control activity.

Add the controlsto a container. Again, subclassing is possible but frequently unnecessary.

Chapter 20 explained how to handle the events that controls generate. This chapter divesinto the details of the controls
themsalves: what they look like, how you use them, and what they do. Chapter 22



Java Foundation Classes

Supporting a Javainterface to the underlying native window libraries achieves the god of making Java GUI programs
highly portable, but it comes at the cost of inefficiency. Peer events must be trandated into Java events before they can
be handled by Java code. Worse, native libraries aren't identical on each platform, and sometimes the differences leak
into the Javalayer.

Example of how nativelibrary behavior
leaked intothe AWT

Sun never did get file namefiltering to work for the AWT "file slection didog" on Windows systems.
This was bug 4031440 on the Java Developer Connection at java.sun.com/jdc.

To support FilenameFilter, the AWT FileDidog needsto issue a calback for each fileto display, and you
supply aFilenameFilter that can accept or rgect thefile. But on Win32, the FileDiadog control worksin a
completely different way. It doesn't issue callbacks. Instead, it accepts smple wildcard patterns to match
againg file names. That's areasonable dternative to FilenameFilters, but that modd isn't supported by the
current Java APl. Asaresult, AWT filenamefiltering never worked on Win32.

Thisisan example of the difficulties of trying to make acommon window library above severd different
native libraries. Swing solved these difficulties, Sncethereis minimd reliance on native library support.
Thejavax.swing.JFleChooser class|ets the user sdlect afile without dependence on the native
components.

The Java Foundation Classes (JFC) are a set of GUI-related classes created to solve the AWT problem of platform
idiosyncrases. JFC dso supportsthe following items:

A pluggable look-and-fed, so that when you run the program, you can choose whether you want it to look like
aWindows GUI, aMacintosh GUI, or some other style.

An accessbility AP for featureslike larger text for the visudly impaired.

The Java2-D drawing API.

A drag-and-drop library and an "undo last command" library.


http://java.sun.com/jdc

All About Controls (JComponents)

We now have enough knowledge to start looking at individud controlsin detail and to describe the kinds of eventsthey
can generate. Most of window programming is learning about the different controls that you can put on the screen and
how to drive them. This section describes someindividua controls. The controls shown in Figure 21-1 aredl
subclasses of the generd class JComponent that we have aready seen.

Figure 21-1. Some JComponent controls (visible GUI objects) of Java

[View full 9zeimage]



Swing Threads—A Caution!

The GUI components are maintained on the screen by athread of their own, separate to any threads that you have
running in your code. This GUI thread is called the event-dispatching thread, and it takes care of rendering the GUI
components and processing any GUI eventsthat take place. An example of aGUI event would be amouse click, a
selection from amenu, or akeystroke on atext field.

The need for thread safety occursin the system librariesjust as much asit doesin your code. To work properly, Swing
requiresthat al code that might affect GUI components be executed from the event-dispatching thread! Thereasonis
performance: the GUI library does not have to do synchronization that would be required if multiple threads were
potentidly adjusting data.

Asyou know, events are handled by a callback from the window system to an event-handler object you supply. That
means that your event-handler code automaticaly executes in the event-dispatching thread, asit should. But should you
try to create new GUI componentsin another of your threads, your thread will not be synchronized with run-time library
datastructures. Therefore, the only place where you should create, modify, set visible, set Size, or otherwise adjust GUI
componentsisin your event-handler code. Otherwise, you will bring yourself synchronization problemsthat are difficult
to debug.

The following exampleis erroneous natural-looking code:

public static void main (String[] args) {
createSomeFrame(); // created in the main thread
showThat Franme() ; /1 shown by main thread,
/1 now that first component is displayed, no nore
/1 code that affects components may be run from
/1 any thread other than the event-dispatching thread

creat eSomeQ her GUI Conponent (); // WRONGE !!

Thereis one exception to the rule of doing GUI work only in the event-dispatching thread, which fortunately alows us
to write our programsin the most natural way. Y ou are dlowed to construct a GUI in the gpplication's main method or
the JApplet'sinit method, providing there are no GUI components aready on the screen from your program and that
you do not further adjust it from thisthread after the GUI becomes visible. Most people obey these rules by accident,
but you should know about them. For practical purposes, this meansif you want to creaete anew GUI component in
response to a GUI event, you must do the ingtantiation in the code that handles the GUI event.



Swing Components

JL abel
What it is:
JLabel isthe smplest JIComponent. It isastring, image, or both that appears onscreen. The contents can be left-, right-,

or center-aigned according to an argument to the constructor. The default isleft-aligned. JLabd isacheap, fast way to
get apicture or text on the screen.

How it appear s onscreen:

Figure 21-2. How JL abel appear s onscreen

Thecodeto createit:

/'l remenber, we are only showi ng rel evant statenents from main()
| magel con icon = new | nmagel con("star.gif");

JLabel jlI = new JLabel ("You are a star", icon, JlLabel.CENTER);

franme.add( jl );

frame. pack(); // size the JFrame to fit its contents

Note the way we can bring in an image from a GIF or JPEG file by congtructing an Imagel con with a pathnameto afile.
Labels do not generate any eventsin and of themselves. It is possible, however, to get and set the text of alabel. You
might do that in response to an event from a different component. The congtructors for JLabel include the following:



More About Swing Components

Components and events named al the significant JComponents, and there were about forty in dl (including dl the
subclasses of subclasses). We've briefly presented some of the more important ones here. That's certainly enough to get
you started writing GUI programs. To keep the book to a managesble size, however, and ill fit in al the other

information, we don't show dl of them.

Here are some pointers on how to find out more about the other components when you're ready to. Thefirst resourceis
the good (if somewhat fluid) onlinetutoria on Javain genera, and Swing in particular, that Sun Microsystems maintains

at javasun.com/docsbooks/tutorial/ui/swing/.

The second resourceis abook that examines JFC, including the Swing componentsin depth. These books are
frequently intimidating in size. One such book that | likeis The JFC Swing Tutorid: A Guideto Congructing GUIs,
Second Edition by Warath, Campione, Huml, and Zakhour (Addison-Wed ey, 2004, ISBN 0201914670). It weighsin

at 800 pages, so be prepared to put in afew evenings and weekends.

Debugging lightweight components

JComponent supports amethod to help the implementation team debug the Swing library, but you can
useit, too. Y ou can cdl the following code;

Repai nt Manager . cur r ent Manager ( your Cont ai ner . get Root Pane()) .
set Doubl eBuf f eri ngEnabl ed(f al se);

anyJConponent . set DebugG aphi csOpti ons( options );

Thefirgt satement turns off double buffering for the container your component isin. The "options’
parameter on the second statement is an int which is 0 to switch debugging off, or contains any of these
flags OR'd together:

DebugGraphics FLASH_OPTION // flash the component asit is accessed

DebugGraphics BUFFER_OPTION // show the offscreen graphics work



http://java.sun.com/docs/books/tutorial/ui/swing/

Further Reading

Thefirst Javawebsite that you visit should be Sun's at java.sun.com. But the Javawebsite that you vist most frequently
should be the Java L obby at www.javalobby.org.

The Java Lobby isan independent group representing Java devel opers. Led by software entrepreneur Rick Ross, the
Lobby hastens of thousands of members. It isagreat place for thoughtful discussion and late-breaking news on Java.
Y ou can even get advice on coding. The Java L obby isagreat resource and membership isfree.


http://java.sun.com
http://www.javalobby.org

Exercises

Review the javadoc-generated description of the javax.swing.SwingUtilities class. Write a program that
demonstrates the use of two of the utilitiesin that class.

Add the JEditorPane that can render HTML to some code that can make a socket inquiry inthe HTTP
protocol (chapter 25 shows the code for this). Create a basic web browser in less than 150 lines of code. You
can do thisin one evening, and spend the rest of the year adding refinementsto it.

Review the class java.awt.Robot. It isintended to generate native system input events for test programs.
Instead, useit to develop an automatic player for Minesweeper or other favorite game.



Some Light Relief—The Bible Code

The concept of "Bible codes’ was something that became popular in 1997, helped by a mass marketed book on the
subject. It'sacompletely bogusideathat there are hidden stringsin the first five books of the Bible, and these hidden
gringsforetd| the future.

The hidden strings, or Bible codes, are dlegedly found by looking at individua characters of the Bible, starting at some
offset, and taking every Nth letter thereafter to form aphrase. 1t works much better with a Bible in Hebrew because the
classic written form of that language does not have any vowels. Hence, you can construct many possible phrases
depending on which vowels you choose to put in and where you chooseto end aword. "BLLGTS' can beinterpreted
as"Boil leg & toes’ or "Beali'l gutsy” or even "Bill Gates.”

When you find aBible "code" you frequently find other related phrases around it. Of course, you can often find clouds
in the sky that have shapes that 1ook like animds, and the reason is exactly the same: people tend to see what they want
to see. Theré'sahuge amount of sky and cloudsto look at, and you can dways find something if you look at enough
random Stuff.

| thought it would be fun to write some Bible code softwarein Java, so | put it on the book website at afu.comyjj6.
There's aprogram there that you can run to search for arbitrary patternsin the Bible (a copy of the King James Version
isaso there). See Figure 21-14 for the resultswhen | set it to search for the string " Java’, which isaplace and language
unknown in biblical times,

Figure 21-14. Bible code says " Java a gr eat blessing!"

[View full Szeimage]

Asyou can ¢, it has found the word aong with other astonishing and highly meaningful phrases ("knowledge of Java, a
great blessing, bit, net"). Y ou can run the program for yoursdlf and find other phrases of your choice.


http://afu.com/jj6

Chapter 22. Containers, Layouts, and AWT L oose
Ends

Pluggable L ook and Fedl

All About Containers

Layout in aContainer

Tying up the Loose Ends

Exercises

Some Light Relief—Sky View Cafe: A High Quality Applet

We're now two-thirds of the way through our tour of JFC and Swing. This chapter completes the topic by presenting
some containers and an explanation of how you use them to lay out your components neatly on the screen. We dso give
some information on acouple of topicsthat are related to the window system in general.



Pluggable L ook and Feel

Let'sstart off the chapter with something that, while not uniqueto Java, is certainly not widely available. I'm referring to
the Pluggable Look and Fedl or PLAF asitisusudly abbreviated. By default, a Swing program has the Metal look and
fed, whichisalook and fed designed especidly for Java. Y ou can easily change that so a program has the look and
fed of Windows, the Macintosh, or of Motif. PLAF meansthat you, the programmer, can add afew extralines of code
to dlow usersto select which look and fed they want anytime they run your program, regardless of which operating
system is running underneeth.

The Pluggable Look and Fed isawin for software portability. Not only do your Java programs run everywhere, but
they can even look the same everywhere.

Thisisagreat boon for users who have become comfortable with a program on one particular platform. Now that same
knowledge and familiarity can be retained regardless of the execution environment.

Asaprogrammer, you might share my opinion that the look and fed of awindow system is not the most important topic
in software today. All window systems do roughly the same set of things, and it'sno big dedl. The fact remainsthat, for
some users, it isamost important topic. Those users buy the software that pays the wages that keep us employed.

Figure 22-1 isan example of the kind of differences you see on different window systems. The three panels show the
same controlsin three different "look and fed" ways. The top pand isthe Metd look and fed. If you choose to have
your GUIsdisplay in Metal, your programswill have a consistent look regardless of the operating system or window
libraries. The second panel hasthe Motif look and fed. Thelines are so delicate and thin that some of them don't
reproduce completely on this screen capture. The bottom panel is the basic Windows ook and fedl. Pay no attention to
the rdative sizes of fonts and buttons. That can dl be resized to suit the program. The differenceisin how much shading
appears around a button, how thick the dot isin a selected radio button, whether components are given a 3-D look,
and so on.

Figure 22-1. A Pluggable L ook and Fed (PLAF)



All About Containers

We come now to thethird of the three ideas common to al Java GUI programs. grouping together controls and
arranging them nestly by adding them to acontainer.

Weve seen this when we added the JComponents to the content pane of a JFrame, and the JFrame showed up on the
screen. The piecethat isnew isthat a container can have different layout policies for where components go on the
screen when you add them. A layout policy might be, " Add components from left to right across the container. When
you reach the right-hand margin, start anew line of them.” Anacther layout policy might be, "Components can go to the
north, south, east, west, or in the center of the component. Y ou haveto tell me where you add one.” Therearea
number of classes, called Layout Managers, that implement layout policies like these. We are going to describe them at

length in this chapter. Before we do, well look a containers abit more closdly.

It all end?

Control

Container

Component

Controls, containers, component...where will

Heréstheway to tell these three S milar-sounding names apart!

Thisisnot aJavaterm. Thisisthe PC term for
what is caled awidget in the Unix world. A
control is a software dement on the screen, such
asabutton or ascroll bar.

These are screen windows that physicaly contain
groups of controls or other containers. Y ou can
move, hide, or show acontainer and dl its
contentsin one operation. Top-level containers
can be displayed on the screen. Non top-level
containers have to bein atop-level container to be

displayed.

Thisisacollective namefor controlsand
containers. Since they have some common
operations, component istheir common parent
class. Swing's JComponents are a subclass of
component.

The Container class hierarchy




L ayout in a Container

Figure 22-5 shows aframe to which we have added severd controls. They are positioned automeatically aswe add
them.

Figure 22-5. Arranging controlson the screen

The codefor thisison the CD in the directory containing al the other AWT programming materid. The problemisthe
end result doesn't look very professiond because nothing is neetly aigned. Solution: layout managerd

Layout Managers are classes that specify how components should be placed in acontainer. Y ou choose alayout
manager for acontainer with acal smilar to the following invoked on the content pane:

set Layout ( new Fl owLayout () );

WEell look at six layout managers: the five that are part of AWT and a sixth one that comeswith Swing. Thefirst and
most basic layout manager is FlowL ayout.

FlowL ayout

Figure 22-6 uses the same code as previoudly, but the FlowL ayout was used and the JFrame was pulled out wide to
theright.

Figure 22-6. I n thiswindow, buttons are positioned left to right and centered


http://java.sun.com/docs/books/tutorial/uiswing/layout/using.html

Tying up the L oose Ends

At this point, we have dedlt with events, components, and containers both in summary and in depth. Therearejust a
few other topicsto cover to conclude the chapter.

JDK 1.4imagel/O

Javaa last hasan API for image /O, dlowing you to read and writefilesin severa popular formats both localy and
acrossthe net. It's nicely-designed and extensible so that as new formats appear they can quickly be supported by Java.

Image 1/0 (introduced in JDK 1.4) supports reading GIF, JPEG, and PNG formats. GIF is not supported for writing
because it uses LZW compression, the agorithm for which is encumbered by a patent held by Unisys. One patent
expired in June 2003, but Unisys hasindicated that it thinksit holds some other patents that continue its ownership of
GIF.

PNG is"Portable Network Graphics,”" anewer standard intended to replace GIF, and not encumbered by patents. Y ou
can read about the formats (any format, in fact) a www.wotst.org.

There arefive packagesin Javalmage 1/O, but most of them are concerned with the implementation and plugability of
new support. Y ou will probably find thet the class javax.imageio.lmagel O contains Satic methodsto do dl thesmple
things you need. Y ou can read a JPEG fileinto an Image with the following two lines:

i mport javax.inageio.*;

File f = new File("c:\inmages\nyi mage.jpg");

Buf f eredl mage bi = Inmagel O read(f);

It isequally easy to write out an imagein PNG or JPEG format. If you refer back to the previous chapter, we showed
code to do screen capture into an object of type java.awt.Image. When you have one of these, check if itisthe
Bufferedimage subclass. Y ou can write Bufferedimagesto afile with the following lines:

Riiffarcacdl maone hi — (BERiiffareacdl nmoel m/! mAaaoa:


http://www.wotsit.org
http://java.sun.com/j2se/1.4/docs/guide/imageio/spec/apps.fm1.html
http://java.sun.com/docs/books/tutorial/uiswing/misc/dnd.html

Exercises

Take the MyFrame program that demonstrates the thread bug and update it to reproduce the race condition
more easly. Change the arithmetic that updates variablei into two statements, and put adeep() or ayied()
satement between them. Observe thefailure,

Update the MyFrame program to remove the race condition by making the reading and writing of the variables
mutually exclude each other. Test your code by running it on aversion of the program that quickly reproduces
the race condition failure.

Write asmall Javaprogram to capture the screen, display itin ascroll pand insde aframe, and dlow the user
to trim its Size. Write the cropped region to afile on request. Allow the user to choose any output file format
that the Image 1/O library on that platform supports.

Write a program that uses Image |/0 to display athumbnail display of dl the GIFs, JPEGs, and PNG filesina
directory. Let the user select one, and display that full Szein anew window. Allow the user to change the size
of it, crop aregion, and saveit in anew format. That isthe beginning of a generd-purpose Javaimage editing
application. You can take it asfar asyour interests run.

Thefollowing code will grab ascreenimage.

Robot ro = new Robot ();
Tool kit t = Tool kit.getDefaultTool kit();
final Dinmension d = t.getScreenSize();
Rectangl e re = new Rectangl e(d.w dth, d.height);

final Image image = ro.createScreenCapture( re );

Write codeto display it haf size, and dlow the user to crop the image. Use the class javax.imageio.lmagel O to
write the image out as a JPEG file. Refer to the javadoc to see the write() methods.



Some Light Relief—Sky View Cafe: A High Quality Applet

For the end of this chapter, | want to introduce you to the Sky View Cafe program and its author, Kerry Shetline. Sky
View Cafeisan astronomy applet, but even if you have no interest in astronomy, it's aterrific showcase for the very
professiona graphics effectsthat a careful programmer can achieve.

In case you areinterested in astronomy, I'll mention that Sky View Cafe displays many types of astronomica
information, and is particularly easy to use. It shows star charts, rise and set times for the Sun, Moon, and planets,
Moon phases, orbitd paths of the planetsin 3-D (I love animating that one!), aperpetua calendar with astronomical
events, lunar and solar eclipses, the moons of Jupiter and Saturn, and more. See Figure 22-12 for the main screen.

Figure 22-12. The Sky View Cafe astronomy applet

[View full Szeimege]

That screen showsthe half of the world that isin darkness and the haf that'sin daylight at that moment. It'safunny
shape because the world is round and flattened out into an unrolled cylinder on the screen. Y ou can seethat the
Antarctic isenjoying 24 hours of daylight at the moment.

Thefirst thing to do isto click on the map to tell the program where you are on the planet. That makesthe night sky
maps accurate for your position. Instead of clicking, you can look up your city name by clicking the Find button on the


http://developer.java.sun.com
http://www.shetline.com
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| ntroduction to Relational Databases

A database is a structured collection of data. It may be anything from asimple list of members of a sports club, to the
inventory of astore, or the huge amounts of information in acorporate network. To retrieve and update datastored in a
computer database, you need database management software. There are severa approaches to database software
architecture: reational, hierarchical, and Codasyl network. Here, welll focus on relationa databases, which isthe most
widely used approach by far.

Therelational database concept

Like so many of the best ideasin computer science (e.g., TCP/IP, HTTP, XML, ethernet, sockets, or the VM),
relational databases are based on asmple fundamental concept. The idea behind relationa databasesisthat you can
organize your datainto tables. Other approaches to databases have tried to keep everything in one big repository.
Having individua tablesthat keep the related pieces of data together smplifiesthe design and programming. It also adds
speed and flexihility to theimplementation.

What is a table?

What specifically do we mean by a"table'? \We mean the data can be represented in tabular form with columnsthat al
contain values of onetype, and where arow holds the related data on one thing (one customer, one account, one orde,
one product, etc.). Thetable format isalogica, not aphysical, organization. Under the covers, the database

management software will typically store the datain indexed files and cacheit in memory in tree structures when the
program isrunning. But it will always present the gppearance of tablesto your programs.

Table 23-1 shows some (fictiond) people, their age, favorite bands, and where they live.

Table 23-1. The "People and Music" table

Name Age Livesin Listensto
Robert Bellamy 24 Englad Bestles
Robert Bellamy 24 Englad Abba
Robert Bellamy 24 Englad Oesis
Judith Brown A Africa Muddy Ibe
Judith Brown A Africa Abba
Butch Fad 53 USA Metdlica

Timnthy 7 Cronch N Afriea Naci o



Primary and Foreign Keys

It's onething to put data into a database. Y ou aso need to be able to retrieve it on demand. The way we get data out of
the database isto present it with the right unique identifier, known as akey. For example, in adatabase of vehicle
license records, the VIN or Vehicle Identification Number will be the key to the table of vehicles.

Primary keys

Every table must and will have an attribute (or group of attributes together) that uniquely identifies every record. This
attribute or group of attributesis cdled the primary key to the table. By "uniquely identify every record,” we mean that
each record has adifferent value for that attribute or group of attributes. The primary key to our Person tableisthe
"Name" atribute. We can never dlow two different people to have the same namein this smdl database, dthough that
isanunredigtic regtrictionin red life. That's why banks and other agenciesidentify you by socia security number or an
account number, which is guaranteed to be unique.

Inour "Listens To" table, we need both attributes (person name and group name) to uniquely identify arow of data.
People who like two bands are in there once for each band, so person nameis not unique. And since severa people
can listen to the same band, music group names are duplicated too. But the combination of person name plus music
group nameis unique. So the primary key to our "Listens To" table is both these attributes.

Foreign keys

Aswell as primary keys, many tables contain foreign keys. These are attributesin one table that are a primary key in
some other table. The "Listens To" table has aforeign key of Name, which isthe primary key for Person. The Person
table does not contain any foreign keys. Although it has the Name attribute, thet is only part of the key for the "Listens
To" table, not thewhole key. It'scalled a"foreign” key becauseit isnot akey inthistable, but for atablein some other
distant place.

When you have avaue of aforeign key, for ingance, "Judith Brown" inthe"Listens To" table, that value must dso
occur inthetable for which it isthe primary key. In other words, there must be a"Judith Brown" entry in the Person
table. In fact, the purpose of keysisto be ableto get to related data in other tables. Keys are how we navigate through
the database. When the foreign key existence requirement is met, then the database is said to have referentid integrity.

Referential integrity
Y ou keep referentia integrity in adatabase by being careful about the data you remove. If you drop a customer account
because of lack of activity, you must dso drop dl referencesto that customer in al tablesin your database. The onusis

on the programmer to keep referentia integrity; the database cannot do it for you. If your database lacks referentia
integrity, you'll get funny results when you try to extract data from more than one table together.

Entity and transaction integrity

There are two other forms of integrity that databases need: entity integrity and database integrity. If you don't have a
value for some attribute, perhaps because you are sill acquiring datafor that table, thereisaspecia vaue called "null"



Relationships

Let's say more about the relationship between aforeign key and the table whereit isaprimary key. That relationship
can be one-to-one, one-to-many, or many-to-many.

One-to-onerelationships

A one-to-one relationship saysthat the two things are matched exactly. The relationship between ship and captainiis
one-to-one. Each ship has one captain, and each captain has one ship (ignoring real world details like mutinous ships,
captains waiting for acommand, etc.).

One-to-many relationships

Asyou might guess, aone-to-many relationship meansthat one thing in this table corresponds to potentially many things
inthat table. Each individua ship has multiple sailors, so the ship/crew member relationship is one-to-many. All the
sailorson agiven ship will have the same vaue for the"belongs to the crew of" attribute. The "one"’ sdeof a

one-to-many relationship will be aprimary key, asshown in Figure 23-1. The ship'snamewould be aprimary key in
thetable of ashipping linesflect.

Figure 23-1. Breaking up a many-to-many relationship: " Many peoplelisten to many bands®

[View full Szeimege]

Many-to-many relationships

Many-to-many relationships occur when multiple recordsin one table are somehow related to multiple recordsin
another table. We can see what this meansif we introduce a"MusicGroup” tablethat isalist of bands. We could store
any band-specific information in it too, such astheland of origin for each music group. Take, for example, Table 23-4.

Table 23-4. The"MusicGroup' table



Normal Forms

Tables need to follow a set of numbered rulesknown as"normd form.” (It's"norma" in the sense of "normalized” or
conforming to astandard). First normal form saysthat al attributes must be atomic. That means there can be no lists of
itemsin an attribute. Y ou can't have an attribute that is " contents of a shopping cart,” because that could contain severa
items. Atomic means "only one, and it cannot be subdivided any further.”

Second normal norm

Second normal form saysthat it isin first norma form (atomic) and every non-key ttribute depends fully on the key.
The Person table has non-key attributes of "age" and "livesin" and both of these are completely dependent on the
person we are identifying by the "name" attribute. However, if we added a column to the table to hold, say, theland of
origin of the band, we would be breaking second normal form. A band'sland does not depend on the primary key (the
person name).

Third normal norm

A tableisinthird norma formif it isin second norma form and al non-key columns are mutualy independent. Inthe
Person table, the non-key columnsare"age'’ and "livesin." These are mutualy independent because they can change
without affecting the other. If we were to add acolumn to store"isaminor” datain Person, the table would no longer
be in third norma form. Whether or not someone isaminor depends on their age, which is another attribute in the
Person relation.

Add tablesto taste

If you find your table designs break anorma form rule, you can dwaysfix it by adding an extratable aswe did above
to resolve amany-to-many relationship. Y ou may need to move columns from one table to another or to add an
identification number to a couple of tablesto relate records between them. Raw data can dways be put into third
norma form. There are additional norma forms beyond this, but third norma form is enough for most purposes. If you
make sure dl your tablesarein third normal form, you will be able to use relationa database operations on them and get
theright results. A database that has been designed to be in third norma formissaid to be "normalized." There'sagreat
memory aid for the form in which you want your tables: the datain atable has to depend on the key, the whole key, and
nothing but the key.



Relational Database Glossary

Table 23-5 isaglossary of termsthat you can review and refer to as necessary. There are afew termsin here that
appear later in the chapter.

Table 23-5. Relationd database glossary

Name Description

atribute A columnin atable, e.g., the"Name" attribute.
cadindity The number of rowsinardation.

database integrity Y ou maintain database integrity by grouping statementsin

a"transaction” that is ether executed as awhole, or has
no part of it executed.

degree The number of columnsin atable.

doman The set of permissible valuesfor an attribute.

entity integrity The requirement that key attributes never containanull.

first norma form A tablein which no attributes have lists of dataiitems.

foreignkey The attribute or group of attributesin onetable that form
aprimary key for some other table.

join An operation that combines the datain two or more

tables by using foreign keysin thefirgt table to access
related datain a subsequent table. Thisisan "inner join"
or "equijoin”.

prepared statement An SQL statement which is cached in native code form to
alow faster processing.

primary key The attribute or group of attributes that together uniquely
identify arecord in atable.

referentid integrity The requirement that all foreign keys are present inthe
table where they are aprimary key.

relation A tablein arelationa database. It correspondsto afile of



Download and I nstall M ckoi

At this point you should download and install the Mckoi database software, so you can try running the SQL queries,
and get theresultsvisudly.

To get started, go to the Mckoi website at

www. nckoi . cond dat abase

Click onthe"latest version” link under "Download the software.” Download the zip file to your C:\ top leve directory. It
isabout 2MB in Sze, so it downloads quite quickly. After the mckoi zip fileis on your disk, unpack its contentsusing a
command likethis

cd c:\

jar -xvf nctkoil1l.0.2.zip

That creates adirectory called mckoi1.0.2 containing the database binaries and Java source, some documentation, and
sample programs.

Set up the Mckoi jar files

Next, make the Mckoi libraries visble to your Java compiler and VM. There arethree jar filesin the directory where
you just extracted therelease. Thesejar filesare;

filename contents
mckoidb.jar The database management software
gnu-regexp-1.1.4.jar GNU regular expression package

mkjdbc.jar The JDBC driver software



Basic SQL Primer

At first, every database vendor had its own specid database query language. Users eventualy got fed up enough to
create an industry standard around IBM's SQL.. There was the SQL '89 standard, followed by the SQL'92 standard,
both created under the umbrellaof ANS| (American Nationd Standards Ingtitute). SQL version 3 was published in
1999, and isknown as"SQL:1999" or SQL-3. SQL isalso aFIPS standard, FIPS PUB 127-2. FIPSis a Federd
Information Processing Standard i ssued with the full weight and authority of the U.S. Government, after approva by the
Secretary of Commerce. In practice, SQL isfragmented with many dightly incompatible didects from database
vendors. We keep to the current ANSI standard and do not present any vendor-specific code. Y ou should follow the
same practice in your programs, too.

SQL isan abbreviation for "Structured Query Language” and is a programming languagein itsown right. It'susudly
pronounced like the word "sequel” or spelled out asindividud letters s-g-l. SQL is speciadized for its application area,
and isnot used for general purpose programming. But al of the operations that you are likely to want to doto a
database are built-in functionsin SQL.

One attractive feature of SQL isthat you express what you want to do in English-like text such asthis.

SELECT nane FROM Per son
VWHERE lives_in = 'Africa'

ORDER BY nane;

By convention, the SQL keywords are written in uppercase. In SQL, you describe the results you want, not the steps
to carry out to get them. This style of programming isknown as "functional programming” and it contrasts with the
"procedura programming” of more familiar languages like Java. Because you don't give the stepsto get what you want,
database implementors are free to find the most efficient way to get it. The big database companies put alot of effort
into their query optimizers, and thisis one of the big advantages of SQL over earlier query languages.

The designers of SQL could have chosen to make programmers express the operations in terms of mathematical
formulas or agebra, instead of words. That would make programs harder to read for many people and raise an
unnecessary barrier to learning and teaching. Thank heavensthey shunned that temptation. Executing the above SQL
statement on our Person tableyields aresult set of:

Grayham Downer

Judith Brown



Creating and Populating Tables

The CREATE statement is used to create anew table, and the INSERT statement is used to add a new record to a
table,

The CREATE gstatement hasthis genera format:

Format of SQL CREATE statement Additional information
CREATE TABLE tablename(

colNamedataType <— can repeat thisline, separated by commas
optiona Condraint

);

Hereisan example of the use of the CREATE statement:

Example of SQL CREATE statement Additional information

CREATE TABLE Person (
name VARCHAR(100) PRIMARY KEY, "PRIMARY KEY"isa

age INTEGER, constraint
lives in VARCHAR(100)

);

This statement will create the Person table that we saw earlier in the chapter. 1t will have three columns called "name,”
"age," and "livesin.” The"optiona Condraint" shown in the first example means that you can add or omit acongraint to
acolumn, giving more information about what kind of values arelegd there. We have added a congtraint to the "name’
column, saying that thisisthe primary key of thetable. That has the effect of making sure that records always have a
non-null unique vaue there when the records are inserted into the table. "Not null" and "unique’ are dso condraints that
can be gpplied individudly.

Try typing the SQL statement into the visual query tool and confirm you get these results. Thereis dready atable called
Person in this database, so you will get an error message to that effect. Enter the query again, changing the table name
to Person2. Y ou need to completely overwrite the old query with the new one, when using the Mckoi GUI toal.

Some datatypes that SQL understands and the corresponding Javatypes are shown in Table 23-6. The SQL keywords
and datatypes can use any letter case. The convention isto writethem al in uppercase.

T ARIA DD £ CArams O AlAakAky rAaese



Querying and Retrieving Data

The SELECT gatement is used to query a database and get back the data that matches your query.

The SELECT gtatement hasthis genera format:

Format of SQL SELECT statement Additional information

SELECT

Namel ,Name2 ,Name3... <— can mention one or more columns, or "*" for
FROM al columns

tablenamel, tableName2, ... <— can mention one or more tables

WHERE
conditions <— the"WHERE" clauseis optional and can
ORDER BY colNames be omitted
; <—the"ORDER BY" clauseisoptiona and can
be omitted

It returns the data sorted by thisfield

We have already seen an example of abasic select from asingle table. The power of the statement arises when you
select from two or more tables at once. So to find al the peoplein Africain our database who listen to the Begtles or
the band FelaKuti, we could use the SQL command shown below. Numbers have been added on the | eft to help with

commenting on the code; these will not gppear in actud SQL code.

1 SELECT Person. nanme, Person.lives_in, ListensTo.nusic_group_nane

2 FROM Per son, ListensTo

3 VWHERE Li stensTo. nusic_group_nane IN ( 'Fela Kuti', 'Beatles' )
4 AND Person. name = Li stensTo. person_namne
5 AND Person.lives_in = 'Africa'

Going through the statement line by line, we can make the following observations:

Line 1 givesthe columns that we want to get back in our answer. Notice that the table name can be used to qudify the

column so that thereisno ambiguity.



Subquery Selections

Quite frequently you want to submit afurther select on the result of asdlect. There are severa waysto do that, one way
being to nest a select statement inside another. A nested select statement is called a subquery.

Hereisan example of asubquery:

SELECT Per son. name FROM Per son
VWHERE
Person.lives_in IN (' England' , 'USA)
AND
Per son. name NOT | N
( SELECT ListensTo. person_nanme FROM Li stensTo
WHERE

Li stensTo. nusi c_group_nane = 'Beatles' );

The smplest way to understand subqueriesisto look at them piece by piece, sarting from theinnermost nested one. In
this case, the nested select Statement is:

( SELECT ListensTo. nane FROM Li stensTo
VWHERE

Li stensTo. nusi c_group_nane = 'Beatles' );

A moment's reading should convince you that this provides aresult set of names of people who listen to the Bestles. So
subgtitute that into the entire statement, and we get:



Result Set of a SELECT Query

Weve seen informally in previous examples how the results of a SELECT statement are returned to you. The results of
aquery come back as rows-in-a-table, held in an object caled aresult set.

Contents of a result set

The result set contains zero or more rows which are retrieved and examined individualy using something called a cursor.
Just asa GUI cursor marks your position on the screen, a database cursor indicates the row of the result set that you
arecurrently looking at. A cursor isusualy implemented as an unsgned integer that holds the offset into thefile
containing your result set. It has enough knowledge to move forward row by row through the result set.

The cursor

Database management systemstypically provide a cursor to the SQL programmer automaticaly. The programmer can
useit to iterate through the result set. JDBC 2 upgrades the features of a cursor available to Java. Now you can move
the cursor backward aswell asforward, providing the underlying database supports that. Y ou can aso move the cursor
to an absolute podtion (e.g., thefifth row in the result set) or to apostion relative to whereit isnow (e.g., go to the
immediate previous record).

Getting a sorted result set

We can ask for our result set to come to us sorted by some column or columns. We achieve this by using the"ORDER
BY" clausein the query. When you do that, it makes sense to use the cursor to ask for the record before the one we
are currently looking at. For example, if you order by "billing price" you can go backward until you reach orders under
$10. That way, you can process your most valuable ordersfirgt, and stop invoicing when the amount is smaler than the
cost of processing.

SELECT pitfalls

Here are some common pitfalls encountered when using the SELECT statement. When you hit an error in your
programs in the next chapter, check if it is one of these!

Not surrounding aliterd string in single quotes.
Spdlling the table name or the column name wrongly.

Only mentioning the tables that you are extracting from in the "from" clause. Y ou need to mention dl thetables
that you will belooking at in the "where" clause.

Failing to specify "diginct" and thus getting duplicate vauesin certain columns.



Updating Values

The UPDATE statement is used to change the valuesin an existing record.

The UPDATE gatement hasthis generd format:

Format of SQL UPDATE statement Additional information

UPDATE tablename
SET
colNamel=valuel ,colName2=value?2 ... <— can provideavauefor al
WHERE attributes or just some
colNamel someOperator valuei ...  <— can repest thisline,
; separated by AND or OR

Hereis an example of the use of the UPDATE statement:

Example of SQL UPDATE statement Additional information

UPDATE Person
SET age=25, lives in="USA" Robert celebrated hisbirthday by moving to
WHERE name='"Robert Bellamy'; the USA.

This statement will start to populate (fill in with data) the Person table that we saw earlier in the chapter. The valuesare
inserted into the record in the order in which the attributes are named.



Deleting Records and Tables

The DELETE statement is used to remove records from atable, and the DROP statement is used to completely remove
all trace of atable from the database.

The DELETE statement hasthis genera format:

Format of SQL DELETE statement Additiond informetion

DELETE FROM tablename

WHERE
colName someOperator value ... <— can repeat thisline, separated by
AND/OR to further refine which

records get deleted

If you forget the "where" clause, al recordsin thetable are deleted! A table with no records still exists in the database,
and can be queried, updated, etc. To get rid of al traces of atable (not acommon operation in most databases), use

the DROP statement.

The DROP gtatement has this general format.

Format of SQL DROP statement Additional information

DROP TABLE tablename;

There isfrequently more than one way to write an SQL query. Some of the wayswill do lesswork than other ways.
Nowadays it isthe database's responsibility to reorder queries for the best performance.



SQL Prepared Statements and Stored Procedures

Prepared statements and stored procedures are two different ways of organizing your SQL code and getting it to run
faster. When you send an SQL statement to your database, thereisan SQL interpreter that reads the statement, figures
out what it means and which database files areinvolved, and then issues the lower-level native ingtructionsto carry it
out. Depending on what the statement is exactly, it may be quite alot of work to analyze and interpret it.

Prepared statement

If you find that you are issuing a statement over and over again, the database will be doing alot of work that can be
avoided. Theway to do thisiswith a prepared statement. Asthe name implies, the prepared statement is constructed
and sent to the SQL interpreter. The output of the interpreter (the native code ingtructions) isthen saved. The prepared
satement can later be reissued, perhaps with different parameters, and it will run much more quickly because the
Interpretation step has aready been done. Does thisremind you of anything? Thisis exactly how Jugt-In-Time (A T)
Java compilers speed up execution—by compiling to native code and caching the results.

Stored procedure

A stored procedureisasmilar ideato prepared statements but taken one step further. Instead of caching an individua
statement, you can save awhole series of statements as a procedure. A stored procedure will typically implement one
entire operation on adatabase, like adding an employeeto al the relevant tables (payroll, department, benefits, socia
club, etc.). It istypica to provide parameters to astored procedure; for example, giving the details of the employee
who is being added to the company.

The vast mgjority of database systems support stored procedures, but amgjor sticking point has been the variation in
the exact syntax used. JDBC 2 solvesthisissue by adlowing you to write stored proceduresin Java. That means your
library of stored proceduresis now portable to all databases, which isamagjor step forward!

This concludes our tour of the concepts of SQL and databases, and we now proceed to Chapter 24 to look at how
you put it al together in Java.



Exercises

Define and give examples of the following detabase terms: tuple, attribute, relation.

What doesit mean to normalize a database design? Describe first, second, and third normal forms.

Reinforce your knowledge by reviewing the basic SQL course at www.sglcourse.com. It dlowsyou to
formulate and run SQL queriesonline.

Write an SQL statement to display the name and age of everyone in the Person table who is older than 39.

Write an SQL statement to display the name of everyonein the Person table who livesin aNATO country and
listensto the Bestles. There are 19 member nations of the North Atlantic Treaty Organization, including the
USA, UK, Canada, France, Germany, Greece, and Poland. New membersjoin from time to time, so top
sudents will keep thelist in atable, rather than aset of literals.

What isan SQL subquery, and when would you use one?

Write an SQL statement to display the name of everyonein the Person table who livesin aNATO country and
does not listen to the Bestles. Be careful to exclude people who listen to the Bestles, and dso listen to other
bands aswell. The smplest way to do thisisto use asubquery.

Explain, using examples, the difference between a primary key and aforeign key.


http://www.sqlcourse.com

Some Light Reliefl—Reading the Docs

How do you tell if auser hasread the software documentation? If users are anything like us programmers, it's a pretty
safe assumption that they have not read the documentation. Timeis short, and reading manualsistedious and
time-consuming.

I once knew someone who worked on the support desk for alarge interna software application. He cut hisworkload
by 85% using one smple technique. Whenever someone reported a problem with the software, he asked them which
page of the manual it violated before he would investigate it. Most users preferred to live with any bug rather than spend
hours tunndling through the manual, and Perkins technique saved him alot of bother right up until the time he got fired.

Another way of encouraging peopleto read the manud isto have the program ask "Did you read the manuad, answer
y/n:" The program won't proceed until it getsthe right answer. And neither "yes' nor "no" isthe right answer.
Somewhere in the manual, buried deep in an obscure paragraph, isthe information that, to continue, this question
expectsthe answver "Teletubbies"" But you'll only know that if you read the manud thoroughly.

Areyou astudent reading this chapter for an "Advanced Java' class? OK, then! Please demondtrate that you have read
this chapter by writing your favorite color a the top right of the front sheet of your homework for this chapter. If blueis
your favorite color, write "blue.” Write "black™ if you like black best, etc. Professors. see how many of your students
redlly do the assigned reading. But be careful—last time did this, one of the sudentswrote alittle note buried in his
next homework setting me asimilar chalenge, totest if | redly read each page of dl the homework that was submitted!
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Introduction to JIDBC

Ingtalling the Mckoi Database Software
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Heavy Light Religfi—In Which "I" Spam Mysdf

In this chapter we'll build on the relationa database and SQL knowledge from Chapter 23. Well show how to use one
of the severd excellent open source Java-friendly relational databases available. Thiswill let you run a database
management system on your own computer and try the featuresin practice. The bulk of the chapter to describes JDBC,
the Javalibrary that supports access to databases. We'l walk through its classes and the way they are used. We will
reuse the data from the previous chapter, involving a database holding the music preferences for agroup of people.
Findly, well show code to create and update a database, and give you the information needed to write more



| ntroduction to JIDBC

JDBC ismade up of about two dozen Java classes in the package java.sgl. The classes provide accessto relationa
data stored in a database or other table-oriented form. JDBC worksin asimilar way to Microsoft's database access
library (known as ODBC), but redesigned, smplified, and based on Java, not C. ODBC imposed asingle library that
let your Windows code interface to any database. If you are familiar with ODBC, JDBC will beasngp to learn. And
evenif you are not, it'sill pretty straightforward. JDBC works with the largest database servers such as Oracle, DB2
and mySQL, and with the smallest desktop database systems, such as xBase files, FoxPro, and MS Access. JDBC can
even accesstext files and Excel spreadsheets using the ODBC bridge.

Building database systemsin Java

An exciting development (new in 2004) is Sun's product Java Studio Cregtor. It is a development
environment that has al theforms, GUIs, and visud toolsto make it very easy to put together aJava
client/server/database system. Y ou can get more details on Java Studio Crestor at

http://devel opers.sun.com/prodtech/javatool §/jscreator/index.jsp

There are white papers and tutorids, aswell asafree download of the tool itsalf.

JDBC classes alow the programmer to use modern database features like simultaneous connections to several
databases, transaction management, pre-compiled statements with bind variables, callsto stored procedures, and
access to metadata in the database dictionary. JDBC supports both static and dynamic SQL (a query or update
congtructed at run-time). JDBC and SQL greatly smplify deployment issues, because you can now rely on the presence
of aset of vendor-independent standard Java interfaces for queries and updates to your relational database.


http://developers.sun.com/prodtech/javatools/jscreator/index.jsp

| nstalling the M ckoi Database Software

A mgor god of this chapter isto give readers the meansto actudly try some hands-on relationa database
programming. That's an ambitious goal, because relationa databases are industrial-strength and industrial-sized pieces
of software. Up until afew years ago, the only choice in a database management system was which of the commercia
vendorswould you buy from. More recently, the explosion of interest in open source software hasled to amuch larger
number of choices, some of which require no financia outlay. Table 24-1 and Table 24-2 show some popular
commercia and non-commerciad products and their characterigtics.

Table 24-1. Some commercia databases

Company

Oracle

IBM/Informix

Sybase

Microsoft

IBM/Informix

Table 24-2. Some non-commercia databases

Organization

Product

Oracle 9 family

DB2, Informix

Adaptive Server 1Q

SQL server

Cloudscape

Software

Product attributes

Supports even very
large datasets, and
a0 effectivefor smdl
businesses. Available
for Solarisand
Windows.

Large capacity,
multi-platform
database.

Large capacity,
multi-platform
database.

Runsonly ontheNT
ling, limited by the
capacity of the
underlying PC.

A commercidly
supported pure Java
databasethat is
included with Java 2
Enterprise Edition. It
isthereference
implementation of an
embedded Java
database.

Product attributes

Website

wWww.oracle.com

www.ibm.com

www.sybase.com

WWW.microsoft.com

www.informix.com/clo

udscape

Website

Java support

Full support

Full support

Full support

No vendor support

Full support

Java support


http://www.oracle.com
http://www.ibm.com
http://www.sybase.com
http://www.microsoft.com
http://www.informix.com/cloudscape
http://www.informix.com/cloudscape
http://www.postgresql.org
http://www.mysql.com
http://www.Hughes.com.au/products/
http://www.Hughes.com.au/products/
http://www.mckoi.com/database
http://www.mckoi.com/database
http://instantdb.enhydra.org
http://www.firstsql.com
http://www.mckoi.com/database

Running the Example Code

The next step isto try running one of the example database programs that accompany the release. Go to the demo
directory with this command:

cd c:\ntkoi 1. 0. 2\ deno\ si npl e

Then run the sampl e database application that comes with the release. Use this command (assuming you have put the
mckoi jar fileinthejrellib\ext directory):

java Sinpl eApplicati onDeno

If dl iswell, you will see some sample output Smilar to this, assuring you that the database libraries have been properly
inddled.

Rows in 'Person' table: 12
Aver age age of people: 30.0833333333
Al'l people that live in Africa:

G ayham Downer

Judi th Brown

Ti mot hy French

If you do not see output like this, you will need to debug the problem based on the output you do see. After you have
the database example running, go to Connecting to the Database on page 615,to see how your Java application code
establishes a connection with a database prior to sending across various SQL commands. Wewill finish up this section
by saying afew words about the evolution of the JDBC.



http://java.sun.com/products/jdbc/

Connecting to the Database

A database worksin the classic client/server way. There is one database and many clientstalk toit. (Larger enterprises
may have multiple databases, but these can be considered independently for our purposes.) The clientsaretypicaly
remote systems communicating over TCP/IP networks. They may talk directly to the database (called a"2-tier" system)
or to abusinesslogic server that talks to the database (known asa"3-tier" system).

How does aclient or business logic program open adialog with a database manager? JDBC uses a piece of software
caled adatabase driver. The database driver is specific to each vendor, and it isalibrary-level example of the Adaptor
design pattern. It knows how to connect to its database, send requests over TCP/IP, and how to listen for repliesfrom
the database and pass them on to your code. Just as an operating system device driver hidesthe peculiaritiesof an 1/0O
devicefrom the kernel and presents a standard interface for system calls, each JDBC driver hidesthe vagaries of its
particular database and presents a standard interface to Java programs that use JDBC.

Putting it another way, the purpose of a JDBC database driver isto know the low-level protocol for talking with its
database at one end, and with JDBC classes and methods at the other end. It acts like ahuman language interpreter,
moving information from one end and putting it in astandard form that is comprehensible to the other end (see Figure
24-1). Youtypicaly get a JDBC database driver from the database vendor. There are severa different kinds of
database drivers, depending on whether it iswritten in Java or native code, or whether it talks directly to the database
or through another data access protocol such as Microsoft's ODBC. None of that matters much to the applications
programmer. Aslong asyou have aworking JDBC driver, you don't care how it works. Essentidly, al commercia and
non-commercia databases now have excdlent support for access from Java programs. There are good third-party
libraries that can be used to access the Microsoft database products.

Figure 24-1. How JDBC establishes a connection between your code and a database



Executing SQL Statements

Now we are at the point where we can start issuing SQL commands to our database and getting back results. We do
thisthrough a Statement object that we get from the connection object described in the previous section. Table 24-4
shows severd methodsin Connection.

Table 24-4. Some methods of java.sgl.Connection

Method Purpose

Statement createStatement() Returns a statement object that is used to send SQL to
the database.

PreparedStatement prepareStatement(String sgl) Returns an object that can be used for sending
parameterized SQL statements.

CallableStatement prepareCdl(String ) Returns an object that can be used for calling stored
procedures.

DataBaseM etaData getM etaDat&() Gets an object that supplies database configuration
informetion.

boolean isClosed() Reports whether the database is currently open or not.

void setReadonly(boolean yn) Restores'removes read-only mode, allowing certain
database optimizations.

void commit() Makes dl changes permanent since the previous
commit/rollback.

void rollback() Undoes and discards al changes done since the previous
commit/rollback.

void setAutoCommit(boolean yn) Restores'removes auto-commit mode, which does an

automatic commit after each satement.

void close() Closes the connection and rel eases the JDBC resources
forit.

Y ou will invoke these methods on the java.sgl.Connection object that you get back from the JDBC driver manager, as
shown in an upcoming example. Y ou use a connection to cregte a Statement object. The statement object has methods
that let you send SQL to the database. Thankfully, statements are blissfully smple. Y ou send SQL queriesas Strings. In
other words, the JDBC designers did not try to force-fit object-oriented programming onto SQL., perhaps by creating a
Select class. Here's how you send a select query to the database:



Result Sets

Aswe saw in the previous chapter, the SELECT statement extracts data from a database. Here's an example which
should be prefaced with the warning that columns are numbered starting with 1, not zero. That isan SQL convention
that really had to be respected by Java. If we run this Java code fragment,

Resul t Set result;
result = statement.executeQuery( " SELECT Person.nane, Person.age "
+ "FROM Person "
+ "WHERE Person.age = 24 " );
while (result.next()) {
String p = result.getString(1);

int a =result.getint(2);

Systemout.println( p+" is " +a + " years");

well get output likethis:

Robert Bellamy is 24 years
Ti nothy French is 24 years

El i zabeth Kramer is 24 years

Relating that output to the code fragment shows how the ResultSet object can hold multiple values. | like to think of
ResultSet asbeing smilar to a2D array. Instead of incrementing the most significant index variable, you call the result
method next(). Each time you cal next(), you are moved on to the next record in the result set. Y ou need to cdll next()
before you can see thefirst result record, and it returns fal se when there are no more result records, so it is convenient
for controlling awhileloop. That does make it different from an Iterator, however, so be dert to that difference. Asa
reminder, the Iterator next() method returns the next object, not atrue/fase vaue. A true/fa se value can be returned for
aresult set next() because thereis another group of methods for actually getting the data. Read on to find out what!



Batching SQL Statementsand Transactions

Performance has always been one of the top concerns of database vendors, and they often go to some lengthsto find
ways to speed up queries. One of the bottlenecksisthe time taken to package up aquery, ship it over TCP/IP, and get
it into the database where the SQL interpreter can start working on it. In other words, the network latency has a cost.

To reduce the overhead of network latency, many vendors support away to batch several SQL statements together
and send them to the database as agroup. Y ou can batch together any statements that have an int return type, which
basically means"any SQL statements except for select.” Y ou can seewhy. Y ou are sending over agroup of SQL
statements to be executed together, but there is no mechanism defined for getting back the result set for each select. It is
not that hard to invent such amechanism (e.g., executing abatch returns an array of ResultSet), but this has not been
done.

To bundle agroup of SQL statementsin abatch, you create a Statement object as usudl:

Statement nyStnt = conn. createStatenent();

Then, instead of issuing an execute cal for the statement, you instead do a series of addBatch(), likethis:

mySt m . addBat ch( myNonSel ect SQLO ) ;
mySt m . addBat ch( myNonSel ect SQL1 ) ;

mySt m . addBat ch( myNonSel ect SQL2 );

Finally, when you are ready to send the whole batch to the database, invoke the executeBatch() method:

int [] res = nyStnt.executeBatch();

Batching SQL statementsis so easy, there's no reason to avoid it. That will cause dl the statements to be sent to the



Prepared Statements and Stored Procedures

Another way to boost performanceisto precompile the SQL statement using what istermed a™ prepared statement.”
That technique and the related one of " stored procedures™ are described in this section.

Prepared statements

A SQL gatement is precompiled and stored in a PreparedStatement object. This object can then be used to efficiently
execute this statement repeatedly, often changing some of the argument vaues at run-time. Y ou get a
PreparedStatement using a method of your Connection object. It's easiest to see with acode example:

Prepar edSt at ement pstmt = conn. prepar eSt at erent (

"UPDATE EMPLOYEES SET SALARY = ? WHERE ID = ?");

pstnt . set Bi gDeci mal (1, 150000. 00);
pstnt.setlnt(2, |inden4303);
pstnt . execut eUpdat e() ;

/1 other code goes here
pstnt . set Bi gDeci mal (1, 85000. 00);
pstnt.setlnt(2, jenkins2705);

pstnt . execut eUpdat e() ;

That code will set employee linden4303's sdary to $150,000, and employee jenkins2705's salary to $85,000. The
question marksin the SQL query represent data valuesthat will befilled in before the statement is executed. It works
like arguments to a procedure, with one difference: any of the question mark fieldsthat you don't change will retain
whatever vaue you have previoudy set them to, so you only need to set fields that change.

PreparedStatement hasits own versions of the methods executeQuery(), executeUpdate(), and execute(). In particular,
PreparedStatement objects do not take an SQL string as a parameter because they already contain the precompiled
SQL statement you previoudy cregted.

Stored procedures

Let'smove on to take alook at stored procedures. These are agroup of SQL statements bundled together as one unit
that can be called from vour broaram. That's wherethe "orocedure’ part of the name comes from. The"stored" part of
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Complete Example

This section shows the compl ete program to create, update, and select from a database using JDBC. A longer version
of this code comes with the Mckoi database and can be found in directory c:\mckoi\demo\smple. The code has been
split into two programs there for convenience, one to create the tables, and one to query them.

/**

* Denonstrates how to use JDBC.

*/
i mport java.sql.*;
public class Exanple {
public static void main(String[] args) {

/1 Register the Mkoi JDBC Driver
try {
C ass. for Nane("com ntkoi . JDBCDriver");
}
catch (Exception e) {
Systemout.println("Can't |oad JDBC Driver. " +
"Make sure classpath is correct");

return;

/1 This URL specifies we are creating a |ocal database. The
/1 config file for the database is found at './Exanpl eDB. conf'
/1l The 'create=true' argunment neans we want to create the database.

/1 1f the database already exists, it can not be created.



Database and Result Set M etadata

"Meta-anything" isahigher or second-order version of the anything. Metadatais data about data. The classic example
of metadataisfile and directory information on your disk drive. Y ou don't directly put it there, but you need it to keep
track of your red data, and it ismaintained by the system on your behaf. Databases have alarge amount of metadata
describing their particular capabilities and configuration.

The database metadataiis going to be different for each database, and JDBC lets you get hold of it through the
javasyl.DatabaseM etaDatainterface. Y ou get an instance of the M etadata class by invoking a method of Connection.
There you will find 100 or so fields and methods that you can use to find out specific details on the database. For
example, it can tdll you if the database supports transactions, and if so, to what level.

Y ou use the database metadata when you know your code is going to run against severa different databases. By
looking at the metadata, your code can discover theindividual features of adatabase, and perhaps take advantage of
performance-related options. Often, but not dways, thereisadower more standard way to achieve an effect, and you
may prefer to write your database application code that uses that, instead of querying the database about its advanced
features. Using database metadatais an advanced technique, beyond the scope of this book. The javadoc
documentation is extensve if you want to pursue thistopic further.

Result sets dso have metadata. An object of type javasgl.ResultSetM etaData can get information about the columnsin
aResultSet object. Here is an example. The following code fragment creates a ResultSet and gets the corresponding
ResultSetM etaData object from it. The code then uses that object to find out two pieces of information about the result
<. It callstwo methods, oneto find out how many columns the result has, and one to learn whether thefirst columnin
the result set can be used inaWHERE clause (i.e, it isa"searchable’ column).

Resul t Set result = statenent. executeQuery(

"SELECT c1, c2 FROM nyTable; "

Resul t Set Met aData rsnmd = result. get Met abDat a() ;
i nt number Col s = rsnd. get Col umCount () ;

bool ean b = rsnd. i sSearchabl e(1);



Further Reading

There are some excellent book-length treatments of relationa databases and JDBC in particular. One book | likeisthe
JDBC API Tutorid and Reference (Addison Wedey, Reading: MA, 1999), in successive editions by Graham Hamilton
and Rick Cattell, and then by Maydene Fisher, and then by Seth White and Mark Hapner, and finally by Maydene and
Seth again. If you buy this book, be sure to get the most up-to-date edition!

In addition, Sun has an online tutoria on JIDBC that contains some of the same materia inthe JDBC AP Tutoria book.

java.sun.com/docs/books/tutoria/jdbc/index.html .
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Exercises

Run the javadoc tool to create the javadoc files for the packages of the Mckoi database, and browse the API.
The database comes with the Java source code that implementsit. Thefileiscaled src.zip. Unzip it, cd to the
src directory that it creates, work out what the package names are (they mirror the directory names), and run
javadoc on them. Look at some of the source code with an editor, and browse the javadoc-generated API
documentation for the samefiles. How useful isjavadoc to you? Why? How far does the code follow the Sun
recommended code conventions at java.sun.com/docs/codeconv/html/CodeConvTOC.doc.html ?

Write aJDBC program to display the name and age of everyone in the Person table who is older than 39. This
question builds on asimilar onein Chapter 23 that asked you to write the SQL statement. Now the exercise
asksthat you put it into aJDBC program and actudly runit.

Write aJDBC program to display the name of everyone in the Person table who livesin aNATO country and
doesn't lisgten to the Beatles. Y ou can google to find out which nations belong to NATO. Be careful to exclude
people who listen to other bands aswell asthe Beatles. Y ou will need asubquery for this.This question builds
on asmilar onein the previous chapter that asked you to write the SQL statement. Now the exercise asks that
you put it into aJJDBC program and actualy run it.

Modify your program from the previous question to submit an invalid SQL query. How do the database and
your program respond?

Write the JIDBC code to create and populate atable for the CD inventory of an online store. Each CD is either
domestic or imported. These details are stored for all CDs: artigt, title, price, and quantity in stock. Imported
CDsdso havethesefidds: country of origin, genre, non-discount status, language, and lead time for reorder.
Write someinstance data describing your five favorite CDs (include a couple of imported CDs, too), and
populate your database.

Update your code from the previous exercise question to allow it to work interactively with the user. The user
should be ableto typein thetitle of aCD, and the database should return all the data it holds on that CD.
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Heavy Light ReliefF—In Which " I" Spam Myself

Itsofficid: my email isout of control. Actudly, everybody'semail isout of control. | have 50 MB in my inbox aone,
some of thisunanswered email dating back three or more years. There's another few hundred MB in other folders. This
iswhy Google Mail or something likeit will be successful. | need ahafway decent tool to search my email and other
files of concentrated knowledge and keep them secure, searchable, encrypted and archived. Find and grep just aren't
good enough.

Managing filesis worth paying for

| don't want Googl€e's (or anyone else's) scripts reading my email, so | am prepared to pay for this service, but no one
offersit yet. Inthe USA, the Stored Communications Act (part of the decades-old wiretap legidation package known
asthe Electronic Communications Privacy Act) saysthat any dectronic data stored with athird party for more than 180
days can be subpoenaed by law enforcement without notifying the owner of that data. So to discourage government
fishing expeditions, the data needs to be stored encrypted on the server and only be decryptable by the client. Some
companies, like Hushmail.com offer some of these services. [Note to venture capitaigts: | can fix thisfor $10M,
business plan on request. Just don't make your request by email.]

Spam, spam, spam, lovely spam

Spam isn't clogging up my mailbox. That's a separate problem. | get alot of spam, currently more than 2,500 spam
messages each and every day just like everyone else who posted to usenet in the 1990s and till uses the same account.
With an average spam size around 10K B, that's more than 2 MB aday flowing in, and being automaticaly filtered out
and junked. The signd-to-noiseratio is 0.004 and dropping by the month. Y et nobody seems able to fix the spam
ondaught.

| remember the very first spam email | got. | was dightly surprised to get email from someone didn't know, who
seemed to be suggesting a product for me to buy. Why would they do that, and why would they choose me, out of all
the thousands of people on the Internet? Thiswas a couple of years before April 1994 when two deadbeat lawyers
from Arizona, Canter and Siegel, spammed dl 6000 Usenet newsgroups with their unwanted adverts. They offered to
help people enter the Green Card immigration lottery for $145, suppressing the information that people could enter by
themsdvesfor free.

After my first email spam, several weeks went by, and then adifferent one arrived. | kept that too, for its novelty value.
| stopped saving them pretty quickly. Currently spam flowsin at 100,000 bytes’hour in ever-increasing torrents. So
have three email problems: answering it, searching it, and fending off spam.

The dead-leve limit camein April 2004, when | hit dl three problemsin one email. Specificaly, | got three spam emails
that were gpparently sent by me. | was spamming mysdlf! OK, | wasn't redly spamming mysdlf. Spammersareup to dl
kinds of tricksto get you to read the pitch and/or click on the viral attachment. They forge sender names at random.
Friends had complained in the past of getting spam that was forged to look likeit came from me, and findly | got three
of them mysdlf within aweek.

The email header showed dl three of these spams came from the same I SP;
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Chapter 25. Networking in Java

Everything Y ou Need To Know about TCP/IP but Failed to Learn in Kindergarten

A Client Socket in Java

Sending Emall by Java

A Server Socket in Java

HTTP and Web Browsing: Retrieving HT TP Pages

A Multithreaded HTTP Server

Further Reading

Exercises

Some Light Relief—500 Mile Limit on Emall

"If apacket hits apocket on a socket on aport, and the busisinterrupted and the interrupt's not caught, then the socket
packet pocket has an error to report.”

— Programmer'straditiond nursery rhyme

The biggest barrier to understanding Java networking featuresis getting familiar with network terms and techniques. If
you speak French, it doesn't mean that you can understand an article from a French medical journd.

Similarly, when you learn Java, you a o need to have an understanding of the network services and terminology before
you can write Internet code. So this chapter starts with the basics of TCP/IP networking, Everything Y ou Need To
Know about TCP/IP but Failed to Learn in Kindergarten, followed by a description of Java support, starting with A
Client Socket in Java.

Thereisalot of knowledgein this chapter. After the TCP/IP basics, well devel op some socket examples. Well see
how a client gets services from aremote server using sockets. Then we will look at server sockets to see how incoming
connections are accepted. Our firgt example will merdly print HTTP headers. We will add to it little by little until itisa
complete HTTP web server.



Everything You Need To Know about TCP/IP but Failed to Learn in
Kindergarten

Networking at heart is about shifting bits from point A to point B. We bundle the data bitsinto a packet, and add some
more bitsto say wherethey areto go. That, in anutshell, isthe Internet Protocol or IP. If we want to send more bits
than will fit into asingle packet, we can divide the bitsinto groups and send them in severd successive packets. The
units that we send are called user datagrams or packets. Packet isthe more common term these days.

User datagrams can be sent across the Internet using the User Datagram Protocol (UDP), which relies on the Internet
Protocol for addressing and routing. UDP islike going to the post office, sticking on astamp, and dropping off the
packet. IPiswhat the Postal Service doesto sort, route and deliver the packet. Two common applicationsthat use the
UDP are: SNMP, the Simple Network Management Protocol, and TFTP, the Trivial File Transfer Protocol. See Figure
25-1.

Figure 25-1. |P and UDP (datagram sockets)
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A Client Socket in Java

This section shows asmple example of using asocket to communicate with another computer. Y ou should type this
codeinandtry it. If you haven't done much network programming, you'l find it agleeful experience asyou network
with systems around the planet, and even in space. The space shuttle has a TCP/IP network connection to Mission
Control, but the spoilsports at NASA keep its address secret, so we'll use adifferent host.

Thereisan Internet protocol known as Network Time Protocol or NTP. NTPis used to synchronize the clocks of
some computers. Without periodic syncing, computer clocks tend to drift out of aignment, causing problemsfor times
they need to agree on, like email and file timestamps. NTPis pretty fancy these days, but asmple part of the protocol
involves making a socket connection to aNTP server to get thetime.

Our example program will open asocket connection to an NTP server and print out thetime it gets back. Theway a
client asksfor the time is smply to make a socket connection to port 13 on an NTP server. Port 13 isthe Internet
standard on al computersfor thetime of day port. Y ou don't haveto identify yourself or write some dataindicating
what you want. Just making the socket connection is enough to get the server to give you an answer. Javadoes dl the
work of assembling the bytesinto packets, sending them, and giving you an input stream with the bytes coming back
from the server.

HereisaJavaprogram that connectsto an NTP server and asksthetime:

i mport java.io.*;
i mport java.net.*;

public class AskTime {

public static void main(String a[]) throws Exception {
if (a.length!=1) {
Systemout. println("usage: java AskTi ne <systemmane> ");

System exi t (0)

String machine = a[0];
final int daytinmeport = 13;

Socket so = new Socket (machi ne, dayti neport);
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Sending Email by Java

Asour next example, let's write a Java program to send some email. Email is sent by socketed communication with port
25 on acomputer system. All we are going to do is open asocket connected to port 25 on some system that is running

amail server and speak "mail protocol” to the sendmail demon at the other end. If we speak the mail protocol correctly,
it will listen to what we say, and send the emall for us.

The following requires an Internet slandard mail (SMTP) program running on the server. If your server has some
non-standard proprietary mail program on it, you're out of luck. If your ISP uses adifferent port for mail (mine uses
port 5190) use that instead. Y ou can check which program you have by telnetting to port 25 on the server, and seeing if
you get amail server to talk to you.

Here's how you use telnet to say helo to the SMTP program on port 25 (the bold lines are what you type, the other
lines are responses to you):

tel net yourisp.com 25
220 yourisp.com SMIP
HELO

250 your | SP. com

QuT

221 yourisp.com

Y ou could feed emall to the server by hand, if you memorized the protocol and had the patience. There aretwo
wrinklesto connecting to SMTP servers. Firg, it became common for spammersto sted time on other people's
mailserversto relay their spam. Asaresult, most mail servers are now sdlective about who they accept a connection
from. Y ou won't be able to get mailers around the world to talk to you, just your ISP mail server. Second, Javanow
hasamail APl with asomewhat higher-leve interface, so you don't need to understand individua mail commands. But
the point here isto show some give and take over a socket connection. Again, this example showsthe client end of the
socket connection.

The codeto send emall is.

i mport java.io.*;
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A Server Socket in Java

This section shows asmple example of creating a server socket to listen for incoming requests. We could write the
server sde of asmple NTP server, but let'stry something alittle more ambitious. It should befairly clear at this point

that HTTPisjust another of the many protocols that use socketsto run over the Internet.

A web browser isaclient program that sends requests through a socket to the HT TP port on a server and displaysthe
datathat the server sends back. A basic web browser can be written in acouple of hundred lines of codeif you have a

GUI component that renders HTML,, which Java does.

A web server isa server program that waits for incoming requests on the HT TP port and acts on those to send the

contents of local files back to the requestor. It can beimplemented in just afew dozen lines of code.

Security of network programs—a cautionary
tale!

Be very careful when you start developing networked programs on your computer. Beforeyou try it at
work, check if thereisacompany policy about network use. Y ou can get fired for doing the wrong thing!

The problemisthat any server sockets you create may be visble more widely than you intended. If you
arerunning thisat home, and you are not using afirewal, your server socket will be visible to the entire
net. That's like leaving the front door of your home wide open.

When | was developing the HTTP server in Javafor this chapter, | [€eft it running on my PC to test it.
Someone's automated port scanner script soon noticed my server, made an unauthorized connection to it,
and issued thisHT TP command:

CGET /scripts/..%@5c../w nnt/systenB2/cnd. exe?/c+dir HITP/ 1.0

Thisisan attempt to break out of the scriptsdirectory, run ashel, and do a"dir" to see what's on my
system. Thisisthe NIMDA worm that pushesitsway into the straw house that is Microsoft's11S. Once
in, crackerswill try to add their own back door on your computer where you'll never find it. Then they
can use your system whenever it's on the net (they love cable modems) for such things as distributed
denid of service attacks.
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HTTP and Web Browsing: Retrieving HTTP Pages

Hereisan example of interacting with an HT TP server to retrieve aweb page from a system on the network. This
shows how essy it isto post information to HTML forms. Forms are covered in more depth in Chapter 26, and you can
peek ahead if you want.

HTML formsdlow you to type someinformation in your browser, which is sent back to the server for processing. The
information may be encoded as part of the URL, or sent separately in name/vaue pairs.

The Y ahoo siteisawide-ranging access porta. They offer online stock quotes that you can read in your browser. |
happen to know (by looking at the URL field of my browser) that arequest for a stock quote for ABCD istrandated to
asocket connection of:

http://finance.yahoo.com/g?s=abcd

That's equivaent to opening a socket on port 80 of financeyahoo.com and sending a"get /q7s=abcd.” Y ou can make
that same request yoursdlf, in either of two ways. Y ou can open a socket connection to port 80, the HT TP port. Or you
can open aURL connection, which offersasimpler, higher-level interface. Well show both of these here.

Here's the stock finder done with sockets:

i mport java.io.*;
i mport java.net.*;

public class Stock {

public static void main(String a[]) throws Exception {
if (a.length!=1) {
Systemout. println("usage: java Stock <symbol> ");

System exi t (0)

String yahoo = "finance. yahoo. cont;

final int httpd = 80;
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A Multithreaded HTTP Server

There's oneimprovement that is customary in servers, and we will makeit here. For dl but the smalest of servers, itis
usua to spawn anew thread to handle each request. This hasthree big advantages:

1.

Foremogt, it makesthe server scalable. The server can accept new requests independent of its speed in
handling them. (Of course, you need to run a server that has the mippage to keep up with requests.)

By handling each request in anew thread, clients do not have to wait for every request ahead of them to be
served.

The program source can be better organized, asthe server processing iswritten in adifferent class.

The following code demonstrates how we would modify our HTTP web server to anew thread for each client request.
Thefirst step isto make another child in the OneConnection hierarchy to implement the Runnable interface. Giveit arun
method that will actualy do al thework: get the request, then send thefile,

i mport java.io.*;
i mport java.net.*;
cl ass OneConnection_C extends OneConnection_B

i mpl enents Runnabl e {

OneConnecti on_C( Socket sock) throws Exception {

super (sock);

public void run() {
try {
String filenane = get Request();
sendFi l e(fil enane);
} catch (Exception e) {

Systemout. println("Excpn: " + e);}



A Mapped 1/O HTTP Server

Thefina section of this chapter presents the code to use the new mapped 1/0 facility in a socket server. Asarefresher,
hereisaprogram that uses channel 1/0 to duplicate afile:

i mport java.io.*;

i mport java.nio.*;

i mport java.nio.channels. *;
i mport java.net.*;

class DupFile {

voi d copyThruChannel (String fname) throws Exception {
File f = new File(fname);
FilelnputStreamfin = new Fil el nput Strean(f);

int len = (int) f.length();

Fi | eChannel fc = fin.getChannel ();
Systemout. println("allocating buff");
Byt eBuf fer nyBB = ByteBuffer.allocate(len);

int bytesRead = fc.read(nyBB)

nyBB. flip();

Systemout. println("getting fout channel");

Fi l eQut put Stream fos = new Fi | eQut put St r ean( f name+". copy");
Fi | eChannel fco = fos. get Channel ();

int byteswWitten = fco.wite(nyBB)

fco.close();

public static void main(String all) throws Exception {



Further Reading

TCP/IP Network Administration, by Craig Hunt (O'Rellly & Associates, Sebastopol CA, 2002), ISBN 0596002971.
The modest title hides the fact that this book will be useful to awider audience than just network adminigtrators. Itisa
very good practical guideto TCP/IP written asatutoria introduction.

Internet Core Protocols: The Definitive Guide by Eric A. Hal (O'Reilly, 2000)
It's a cover-to-cover read. The book's only defect isthe reliance on anow-unavailable commercial tool. (The tool can

be recreated for free using Ethereal, instead).

Unix Network Programming, by W. Richard Stevens (Prentice Hall, NJ, 1990)
The canonica guideto network programming.



Exercises

Extend the previous example mail program so that it prompts for user input and generally provides afriendly
front end to sending mail.

Write a socket server program that smply returns the time on the current system. Write aclient that callsthe
server and sendsyou mall to report on how far gpart the time on the loca system isversusthetime on the
current system.

In the previous exercise, the server can only state what timeit is at the instant the request reachesiit, but that
answer will take a certain amount of timeto travel back to the client. Devise a strategy to minimize or correct
for errors due to transmission time. (Hard—use a heuristic to make agood guess.)

Read the AP for java.net. URL Encoder and URL Decoder and write a program that encodes a string into the
MIME format called x-www-form-urlencoded.

Update the multithreaded webserver so that it can dso serve JPG and GIF filesand correctly identify their type
to the browser. Y ou can just use the file extension as an indicator of the contents.



Some Light Relief—500 Mile Limit on Email

This chapter'slight relief isatrue story about networks and system adminigtration.

Trey Harrisisasenior systems engineer, and avice president of SAGE, the System Administrators Guild (
www.sage.org). Trust me, if you have amission-critica server, you want aguy like Trey to keep it running.

A few years ago, Trey wasresponsiblefor emalil a auniversty in the Research Triangle area of North Carolina. One
day, apeculiar problem report came in from the Dean of the Statistics Department. The dean reported that therewas a
500-milelimit on their email. Email to places closer than about 500 mileswas usudly ddivered just fine. But asthe Dean
sad, "500 miles, or alittle bit more, isour current email limit."

College deans are creatures with god-like powers on campus. Even when they report something blatantly ridiculous
they haveto be treated with care. Trey cautioudy pointed out that email didn't really work that way. The dean replied
that, no, he had dl the datathat proved it did. When they had first noticed the problem afew days ago, the dean
assigned one of the geostatisticiansto gather data. After al, thiswas a Statistics department and that's what they do.

The geodtatistician had experimented with a great many email addresses, and had drawn up amap correlating
geography and email results. The map showed that the Statistics department could send email to most Sites closer than
500 miles, but there was a hard cutoff much beyond that. There were some places within that radius that they couldn't
reach or could only reach sporadicaly, but they could never send email farther than that distance.

Trey knew that whatever this problem was, it was probably caused by someone changing the system configuration.
Sure enough, the dean acknowledged that the problem started after a consultant patched the Statistics department
server and rebooted it. However, the consultant was certain that he hadn't touched the mail system.

Trey logged into the department’'s mails server and sent afew test mails. Email to his own locd test account went fine.
The samething for email to Raleigh, Atlanta, and Washington. Then he emailed auser in Memphis (600 miles away). It
faled. Boston failed. So did Detroit. Trey was seeing exactly the ridiculous problem that the dean reported! At this
point, Trey pulled out his address book and an atlas and tried to narrow it down. New Y ork (420 miles) worked, but
Providence (580 miles) failed.

One of thefirst thingsto check on amail ddivery problem when the system has been patched and rebooted, isthe
sendmail.cf configuration file. It wasfine. Thinking about what to try next, Trey telnetted to the SMTP port toissuea
few mail commands by hand. Ah! Thefirst clue! The system responded with the old " Sendmail 5" response that was
standard with Solaris a that time, even though Trey had installed the more up-to-date Sendmail 8 throughout the
campus.

The pieces quickly came together after that. The consultant had upgraded the version of Solaris, which had wiped out
themail upgrade. The version of Sendmail 5 that Sun shipped as stlandard could ded with most of the Sendmail 8
sendmail.cf. But the new configuration optionsthat Trey had written with more meaningful nameswere al ignored and
therefore defaulted to zero. One of the settings that became zero was the timeout value to alow while connecting to a
remote SMTP server. Some experimentation established that on the Stats department mail server, azero timeout would
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Overview of Servletsand JSP

Thefirst of these technologies, servlets, provides away for abrowser to cause aprogram to run on the server. The
server caculates something, possibly accesses adatabase, and sendsHTML output back to the browser on the client.
Inanutshell, that isthe architecture of al web-based B2C (business-to-consumer) e-commerce systems, from
Amazon.com to the Zdnet.com online store. These are applications where the end-user interfaceis provided by aweb
browser, and the back-end logic runs on aserver.

Servletsfor creating web pageswith the latest data

An ordinary page of HTML is static. Each time the server sendsit out, it sends the exact same bytes. The only way it
changesisif someone updatesthe HTML file with an editor. But many kinds of information change dynamically: stock
prices, the wegther, seats available on aflight, amount of inventory on hand, account balance, contents of an online
shopping cart, and so on. Servlets and JSP are agreat way to get this dynamic information into aweb page. The pages
that the user sees are calculated by general-purpose programs that can reference and update databases as part of
serving the request.

Servlets are the most popular way for abrowser to get a dynamic web page from a program on the server. Theold
way used an interface called CGl, and your scripts would be written in Perl or Visual Basic or some other language.
With serviets, your codeiswrittenin Java. Thereisasze/complexity tradeoff here: smal scripts (Iess than a couple of
pages) can be written at the drop of ahat and are well suited to Perl or PHP.

What web servers and web browsersdo

A web browser isjust a program that sends requeststo the HTTP port (port 80 by default) on a
sarver, and displays the data that the server sends back. A basic web browser can bewrittenina
couple of hundred lines of code (if you have aGUI component that renders HTML, which Java
does). It's only when people start adding support for newsreaders, mail, instant messaging,
HTML editing, SETI andlys's, and so on, that abrowser baloonsup in size.

A web server isjust aprogram that waits for incoming requests on the HTTP port, and responds
by sending the contents of local HTML and image files back to the requestor.

A servlet container (such as Apache's Tomcat) is an add-on to aweb server. It will run aserviet
program in response to arequest on port 8080 by default. The output (usualy HTML) of the
servlet program will be sent back to the requestor.

Thelarger and more complicated your code, the more you will benefit from using aJava serviet. If you need to accessa
database, you can use Javas JDBC library. If you need threading or network libraries, Java has them. If your code
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Why Use Servlets?

Server-sde web programming iswell established on the web. It lets you build sysemswith aclient part that canrunina
browser on any computer, with any operating system, a any time, from anywhere in the world.

Clientsand servers

The HTTP protocol provides aframework for communicating with aserver, where al the real work isdone. The
server-side code may do |oad-ba ancing to move incoming requests to the system best equipped to handle them. The
server code can access/update your database and process any data using the most up-to-date information. It doesthis
inassfeway.

The client cannot call server routines directly. It can only send over HTTP requests saying what it wants. Opportunities
to subvert the server are more restricted than when everything runs on one physical system. Y ou still need to code
defensively because people may try to access your page in away that could make the server spend dl itstimetrying to
sarvice their request.

Client/server programming was popular even before the web went mainstream, and bringing the two together wasa
natura marriage. CGl—the "Common Gateway | nterface’—was the firgt attempt to get dynamic content into web
pages. CGI got the job done, but it had big problemswith security and performance. CGI implementations often start
up an entire new process to run a script. It doesn't have to be done that way, but in practiceit usually was. Serviets are
loaded into memory once, and stay around ready to handle al future requests. So there can be abig performance
advantage to using servlets. It aso means that servlets can choose to hold system resources (such as a database
connection) between requests. Since opening and closing a database connection is alengthy operation, thisis another
winfor serviets.

Servlets make it easier to separate the business logic used to generate results from the HTML that displays those

results. JSP takes that one step further. Separation of logic from presentation has benefits. It's an enabler for the use of
component software such as Java Beans. Component software |ets a system designer deploy the same code to handlea
transaction whatever the origin is. web-based, online transaction, or batch processing. We're getting into enterprise-level
software issues here, but servlets deliver consistency and code reuse.

What servletsreplace

Servlet technology replaces the family of server plugins such asthe Netscape API, CGl, or the Microsoft ISAPI, none
of which are standardized or multiplatform like the serviet API. Servietstoday are the most popular choicefor building
portable interactive web gpplications. Add-on software to run servietsis available for Apache Web Server, iPlanet
Web Server, Microsoft 11S, and others. Servlet containers can aso be integrated with web-enabled application servers
such as BEA WebL ogic Application Server, IBM WebSphere, iPlanet Application Server, and others.

Servlets as web services

Savletsare highly effectivein implementing web services. Chapter 28 reviews two public implementations of web
services. For now, think web services = "away for aprogram here to run a program on aremote server and get the



Releases and Versions

By agreement with Sun Microsystems, the reference implementation for serviets and JSPis maintained by the Apache
Software Foundation. The Apache web server isan open source project, and by far the most widely used web server
in the world. Y ou can look up more information about the Apache Software Foundation a www.apache.org. Apache
usesthe project name "Jakarta for their Java-specific work.

The servlet library is part of the Enterprise Edition of Java, so must be downloaded separately if you are using the
Standard Edition. The servlet design underwent some rapid evolution at first with anumber of versions and releases, but
it has settled down now. Table 26-1 and Table 26-2 spell out the detalls, so you can relate everything to other versions
you may have heard about. At the time of thiswriting (2004), the most up-to-date version of the servlet APl isverson
2.4, and that is used in this chapter. Check the Apache website listed in Table 26-2 for any later version and download
and use that in preference. Thistechnology is mature enough that there shouldn't be any drastic changesin future
revisons.

Table 26-1. Server/servlet versons

Date shipped Servlet container verson  Compatible with serviet Compatiblewith Java
verson Server Pagesversion
2003 Tomcat 5 Servlet 24 JSP2.0

Table 26-2. Glossary

Tem Definition

Apache The Apache Software Foundation is avolunteer
organization which has produced the most popular web
server intheworld, and made it available for free
download. Their websiteis www.apache.org

Ant A utility that accompanies Tomcat, used when Tomcat
has to compile some serviet code automaticaly. Antisa
Javarbased build utility that works out the correct
dependency order in which to compile each file. It works
cross-platform, unlike non-Java based tools. Antisa
replacement for "make"’ when used with Java

Cadina The servlet container (engine) part of Tomcat version 5.

CGl The Common Gateway Interface wasthe first server-side
scripting technology. It specifies how the server should
execute a script when a particular web pageis
referenced. CGI scripts can be written in different
languages, and Perl isapopular choice.
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| nstalling the Tomcat Software

This section describes how to download and install the Tomcat servlet web server software. Note that thereisaFAQ
a http://jakarta.gpache.org/tomcat/fag. To get started on your first serviet, follow these steps.

1.

Go to http://jakarta.apache.org, follow the links to the download page, and download the binary of the most
recent version of Tomcat 5. Get the right version for your system. For Windowsthisisan exefile. It'sa10MB
download.

Unpack the file you downloaded (if azip or gz file). Run thefileif it isan exefile. Y oull need to provide the
admin password on Windows. Accepting al the defaults worksfine, dthoughitisaVery Good Ideato ingall
into adirectory caled "\tc5" instead of the default. The default pathname isway too long and contains
embedded spaces, s0 you haveto quote it every place you useit.

Thelast gep in theingtdlation asksyou if you want to start Tomcat. Y ou do. Y ou can aso stop and start
Tomcat manudly on WinXP through Control Pandl/Performance and Maintenance/Adminigtretive
Tools/Services/Apache Tomcat.

After you have started Tomcat, browse http://localhost:8080 If everything went smoothly, you will see apage
served back to you by Tomcat that lookslikethis:


http://jakarta.apache.org/tomcat/faq
http://jakarta.apache.org

Running the Example Servlets

Tomcat will run as a stand-aone web server, which is very convenient for development. It can also be configured to run
as an adjunct to most other web serversto handle only the servlet/JSP requests. That's useful for deploymentinred IT
environments, and wewon't get into it here.

The next step isto try running Tomcat on one of the example servlets that accompany it. First, shut down any other web
serversthat you have running on your system, so they don't interfere with this example. Then start Tomcat by following
the stepsin the following box.

Starting and stopping Tomcat

Tomcat isingalled as a system service on WinXP. Start Tomcat on WinXP using the Control Pandl ->
(category view) -> Performance and Maintenance -> Administrative Tools -> Services -> Apache
Tomcet.

On Unix, you can use the startup and shutdown scriptsin the bin directory.

% cd $TOMCAT_HOVE

% bi n\startup

For security reasons, you should not leave aweb server running on your system where outsiders may see
it. Thereisacorresponding shutdown script in *bin/shutdown.”

Tomcat serves web pages to requests that come through port 8080, so start abrowser and give it the URL
http://localhost:8080. Y ou can use the name "localhost” or the specia |P address127.0.0.1" that means "this system.”
Or if your computer hasa DNS name, you can aso use that in the URL. Y ou should seethe pagein Figure 26-1 again.

Figure 26-1. Home page of Tomcat on your system


http://127.0.0.1:8080/tomcat-docs/servletapi/index.html

Ports and Protocols

Aswesaw in Chapter 25, you use input and output stresms on socketsjust as though you were reading/writing afile.
The classjava.net.ServerSocket lets your server program accept incoming data by spawning off athread with a socket
that you can read client requests from. The class java.net.Socket |ets you send data to a server socket on another
computer, or read response data that is coming back into the local host.

Savletsare ahigher-level dternative to reading/writing sockets. Servlets can be used to service any request that is
made viaasocket (such as FTP), not just web page requestsviaHTTP. A servlet that talks something other than
HTTPiscdled a"generic serviet" and it will extend the class javax.serviet. GenericServiet. The vast mgority of serviets
are used to serve HT TP requests. These are known as"HT TP sarvlets,” and they extend the class
javax.serviet.http.HttpServiet.

The computer science term "protocol” means "an agreement on how to talk to each other." Browsers and serverstalk to
each other usng HTTP, HyperText Transfer Protocol. The browser starts the conversation, and then each end takesiits
turn to say something. It goes back and forth over the net like agame of tennis. Each HTTP request from abrowser is
replied to with aresponse from the server.

A commercid web server is multithreaded and typicaly dedswith many clients (browsers) a any moment, but is either
reading arequest or sending the response to each. The key concept of servietsis that when you browse a page on the
client, it causesthe servlet to run on the server.

The servlet does whatever processing was coded, and then (usualy) writes some HTML to represent the answer The
web server sendsthat newly generated HTML back to the browser for display. Just aswith aregular HTML page, a
servlet can beinvoked many times. A servlet can cope with severa concurrent requests, and it may call another serviet
or forward the origina request to it for processing.



TheHTML tolnvoke a Servlet

This section describesthe HTML that will be displayed on the client and cause a servlet to run on the server. The most
common way for abrowser to invoke aservlet isviaan HTML button that causes the entire form, with dl the datathe
user typed in, to be sent over to the server.

There are about ten different GUI input types, but the most often used are text, radio, checkbox, and submit. For a
completelist of al theinput types and other attributes, do aweb search on "HTML, form, guide.” To makeit dl lineup
nicely on the screen, everything insde aformisoften putinan HTML table.

Figure 26-2 shows an example of an HTML form, some INPUT tags, and the web page they generate. Y ou should
create aweb page with the HTML shown here, and confirm that you can browseiit, enter data, and click the submit
button.

Figure26-2. HTML exampleform

[View full Szeimage]

How form data is sent to a URL

Now we come to the question of how and where the browser sends the data from the form. The form tag will ways
have two attributes (omitted in Figure 26-2, for smplicity) that specify how and where the form data goes. These
atributes are cdled "action” and "method.” There are also additiona possible attributes, to give the whole form aname,
and to say how the data should be encoded beforeit is sent to the server. The default values are fine for these. An
example of acomplete form tag would be


http://www.yahoo.com/stocks.htm?somename=somevalue
http://www.rfc-editor.org

A Servlet and Its Request/Response

In this section we will present the skeleton of a servlet, and aso ook at the objectsthat it usesto learn about arequest
and send aresponse. A sarvlet isjust like any other Java program, but one that runsinside aweb server engine, termed
the " container.”

There are some configurations or conventionsthat tell the servlet container where your servlet isand what URL should
invokeit. The serviet container will cal your overriding methods when that URL isrequested, and passin parameters
that convey dl theinformation in the form sent from the client browser.

Y ou create your serviet by extending one of the javax.servlet classes, and overriding one or more of the methodsin it
with your own code. The skeleton of an HT TP sarvlet looks like this:

public class MyServl et extends javax.servlet.http. HtpServlet {

public void init() { /* code */ }
public void doGet() { /* code */ }
public void doPost() { /* code */ }

public void destroy() { /* code */ }

Thiscodeissmplified dightly by leaving off the method parameters and the exceptions they can throw. They are shown
acouple of paragraphs later. Theinit() method is called only once when the classisfirst loaded. Y ou would use thisfor
one-timeinitiaization, such as opening a connection to adatabase. The destroy() method isaso called only once when

the servlet is unloaded. This method is used to free any remaining resources or do fina housekeeping on shutting down.

If you don't have any specid startup or shutdown code, you don't need to override these methods.

The doGet() or doPost() methods are the onesthat do the work of the servlet. Obvioudy, doGet() is called when the
HTML form used a get method, while doPost() isinvoked by aform with a post method.

There are other lessimportant doSomething() methods, too, corresponding to the other thingsthat an HTML form may
do. For example, thereis adoDe ete() method that can be overridden for the less-common HTTP request DELETE.
Thisrequest israrely implemented because you generdly don't want to empower users with the ability to delete fileson
the server. Y ou might allow it on aserver on your intranet. Y ou can review other methodsin the APl docsthat are part
of the serviet kit.



Servlet Request

Thefirst part of arequest will bethe HTTP headers, followed by the parameters. Headers are the bookkeeping
information supplied automaticaly by the browser or server, gating things like the locale, and theversion of HTTPin
use. Parameters are provided by the user and passed in the query string or in the form data. A parameter nameis
whatever namethe HTML form designer gave the parameter in an attribute. It islegal for parameter or headersto have
acomma-separated list of vaues, so you need to be dert to this possibility in your code.

Let'stake alook at the classes that implement request and response objects to see what information comes and goes.
Well gart with the Java class that representsan HT TP request. Tomcat will create an object that implementsthis
interface to hold dl the datain the incoming request. Tomcat will then invoke your servlet, and pass the request object
toit asan argument.

These methods are just the highlights of an HTTP servlet request object. There are about 20 getSomething() methodsin
HttpServletRequest, and another 20 in its parent, ServletRequest, dlowing al information in the request to be retrieved.
Y ou will invoke these methods (shown in Table 26-5) on the javax.servlet.http.HttpServlietRequest parameter, as
shown in the example coming up.

Table 26-5. Key Methods of javax.servlet.http.HttpServletResponse

M ethod Purpose

getWriter() Returns a PrintWriter that will get written with the data
part of the servlet response.

setHeader(String n, String v) Adds aresponse header with the given name and value.

setDateHeader(String s, long d) Adds aresponse header with the given name and time
vaue

setintHeader(String s, int v) Adds aresponse header with the given name and int value.

addCookie(Cookie c) Adds the specified cookie to the response.

setStatug(int sc) Set the status code for this response.

setContentType (String S) Setsthe response's MIME content type.

setContentLength (int Size) Sets the Content-L ength header of the response.

Notice that some of these methods, such as getHeaders(), return Enumeration objects, rather than the newer Iterator
object that was intended to replace Enumeration and was part of JDK 1.2. Thisisfor backwards compatibility with
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Responseto a Servlet Request

Tomcat will aso pass your servlet one of these response objects as an argument. The object has lots of methods that let
you givevauestoitsfields. Y ou send back the actud data by writing to aprint writer that you get from the response
object.

Table 26-5 showsthe most frequently called methods of your response object, the HT TP servlet response.

Y ou will invoke these methods on the javax.servlet.http.HitpServletResponse parameter, as shown in the example
coming up. There are about 20 methods in HttpServletResponse and its parent class, ServletResponse, alowing just
about any field to be set and returned to the browser. There are about 20 static find variables giving names to each of
the status codes. Y ou should review the javadoc descriptions of these classes.

There are about adozen HTTP headers, but you can ignore them unless you need the specid effects that they cause.
The content type isthe only one you need to set. Y ou can also look afew pages further on in this chapter, in Java
Server Pages on page 710, where we write a JSP program to echo the headers received from the browser. That shows
you sometypica headers.



Writing Your Own Servlet

Hereisthe codefor aserviet that can processthe HTML form that we created in the section How form dataiis sent to
aURL on page 694. We're going to send areply that suggests a suitable pet based on the weight and leg count the user
submitted.

Compiling your servlet

Make sure that your CLASSPATH hasthe serviet jar filesin it, as shown in the following command, applicableto
Windows.

javac -Djava.ext.dirs="\program fil es\apache software foundation\Tontat 5.0\comon\Iib"

= PetServlet.java

Note: The example command isjust one line, but istoo wideto print that way in abook. The "-Dproperty=vaue"
option defines a property with that value to the compiler system. The"java.ext.dirs' property isthe pathnameto a
directory of jar files (in this case the Tomcat jar files) that you want to be available to the compiler or run-time. The
servlet library isnot part of the JDK standard edition. It is part of the Enterprise Edition. It isaso bundled with Tomcat.

i nport javax.servlet.*;

i nport javax.servlet.http.*;
i mport java.io.*;

i nport java.text.*;

i mport java.util.*;

public class PetServlet extends HttpServlet {

private String reconmendedPet (i nt weight, int legs) {

if (legs ==0) return "a gol dfish";

if (legs ==4) {


http://127.0.0.1:8080/servlets-examples/petform.html

Servlet Operating Cycleand Threading

Savletstypicaly have the operating cycle, asshownin Figure 26-5.

Figure 26-5. Operating cycle of a servlet

Servlet life cycle

The sequence of eventsin asarviet'slifetimeis:

1.

The servlet container starts up, and at some point constructs an instance of the servlet and callsitsinit() method.
Theinit() method isonly caled once. Not once per request, not once per session, but once at the beginning of
the serviet'slifetime. Theinit() method isagood place to put code to open a database connection.

Unlike, say, aGUI, thereis no background thread aways running codein the servlet. The serviet instance
object just stays ready in memory, waiting for arequest. This makes serviets very efficient. Eventudly, arequest
comes to the web server, and the web server passes the request to the servlet container.

The servlet container instantiates a new thread to process the request. Note that the container does not
ingtantiate anew servlet object. The newly created thread representing the request calls the doPost() method
(or whatever is appropriate for this request) of the existing instance of your servlet. The servlet can accessa
database, the filesystem, other servlets, etc. It createsthe HT TP response, which the container returnsto the
client. Thread-per-request makes servlets scalable and high performance.


http://java.sun.com/products/servlet/index.html

Java Server Pages

We will conclude thistour of server-side Javawith adescription of Java Server Pages (JSP), and an example JSP
program. One way of understanding JSPisto say that JSP is ASP, without the restriction to Windows only. Another
way of undergtanding it isto say that JSP programs are avariant on ordinary servlets, where some of the smple tasks
are automated for you. In fact, the container implements JSPs by automatically trandating them into the equivalent
servlet which isthen runinthe usud way.

A JSP isasdlick way of writing a servlet

An ordinary unchanging web page contains HTML (plus Javascript perhaps). A servlet isacompiled Javaprogram. A
JSP program isahybrid of these two. It letsyou mix individua Java statementsin with your HTML code. The Java
code will be executed on the server when the pageis browsed, and it will provide some dynamic content to the page.
Y ou might do some cal culations, or put something in aloop.

Y our JSP Java code fragments automatically have the missing boilerplate code added, to make acomplete servlet. This
sarvlet isautomaticaly compiled for you by the JSP container when the page is browsed. Aswith servlets, JSP codeis
compiled once and loaded into memory on first use. A developer will typically browse dl the JSP pageswhen
deploying asystem, so that users don't seethe "firgt time through™ compilation time penalty.

JSP syntax

A large part of asarvlet is"boilerplate” meaning text that isthe samein al servlets. The class declaration, the method
signatures, and so on, are needed to make sure your code compiles, but they are the samein every serviet. JSP
eiminatesdl that sandard context. It is provided for you automaticdly. This can dramatically shorten the amount of
code you need to write, and also makesit smple enough for non-programmers to produce JSP.

JSP uses specid tags to separate the Javafrom the HTML. The JSP opening tag is”<%" and the closing tag is"%6>".
The opening tag "<%" might be followed by another character suchas™!" or "@" or "="to further specidize its meaning.
A very brief example here will show you best. Theselinesin aJSPfile:

<b> current tinme is:
<% new java.util.Date() %

</ b>

will produce aline of output like thiswhen you browse the JSP:
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Java Beansin Servletsand JSP

This chapter wouldn't be complete without pointing out the role of Java beans on the server sde. Javabeansare
software components, namely well-specified "modules’ that do a specific job and can easily be reused in many
gpplications. Microsoft makes extengve use of software components under the product name ActiveX, often for some
visud or GUI feature.

For example, aprogrammer might write a piece of code that can display a set of numbersasapie chart. That routineis
very suitable for turning into a software component, making it available to any program on the system.

The point of JSPisto uselots of Javabeansthat cover your business processes. Y ou might have one bean that
encompasses everything you can do with a customer record, another for an order, and a third that represents a payment
transaction. JSP lets you easily integrate these beans in aweb-based display framework. JSP has aspecia tag that lets
web pages on the server eadly interact with beanswith hardly any "glue" code needed. People call thisa "tag library."

Here's an example of the tags that connect a JSP page to a Java bean that manages database access.

<% page | anguage="java" inport="java.sql.*" %

<j sp: useBean scope="request"

cl ass="com af u. dat abase. DbBean" />

Y ou use the same beans (the same logic) for your non-web-based processing so you have the advantages of
congstency, familiarity, and software reuse. The combination of Java beans and JSPisamgor use of JSP.



Last Wordson JSP, Beans, and Tag Libraries

The main reason for using JSPisthat it alows web devel opersto quickly build web pagesthat interface to enterprise
systems. The JSPtagslet HTML designerstie web information into corporate businesslogic contained in Java objects
without having to learn al about Java object-oriented programming.

A separate, smadler programming team can create libraries of software components. Then web designers can use those
libraries by writing markup tags that they are familiar with. Use of tag librariesis one of the cornerstones of JSP. JSP
thus provides arapid prototyping framework for building two tiers (the client and the front-end server) of an N-tier
digtributed system.

Sarvlets can act asamiddleware gateway to existing legacy systems, providing an easy way to web-enable your current
systems. Furthermore, since al the code is on the server (not the client), when you want to update your application you
just roll the code out to afew servers and your entire user base gets the newest code at once.



Further Reading

If you areinterested in amore detailed study of servlets, download and read the Java Servlet 2.4 Specification from the
Java.sun.com website. Although itstitleis" Specification,” it actually contains some good explanations of the details of
svies.

After you master the basics here, you can go on to get deeper knowledge from either Hall and Brown's Core Servlets
and JavaServer Pages, 2d ed, 2003, Prentice Hall PTR, (make sure you get the latest edition) or Serviets and JSP: The
J2EE Web Tier by Jayson Falkner, Kevin R. Jones, Addison-Wed ey, 2003.

If you want to know what kind of web server asteisrunning, or you want to see the market share of different web
servers, look at www.netcraft.com. Findly, the website www.servlets.com isagreat resource for programmerswriting
servlets and JSP code.
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Exercises

Modify the petform servlet so that it includes the content length in its response.

Write aservlet that sends back to the client (for display) all the parameters and HT TP request headersthat it
received. Have the servlet get enumerations of al the headers and dl the parameters, and echo them back to the
client.

Write a JSP that handles our pet selection form.

Earlier in this chapter, we showed an HTML form that invoked a serviet. It's actualy possible to write a serviet
or JSPthat deliversthat form aswell as responding to it. When the servlet isinvoked by aURL, it should
respond with the HTML representing the form for pet selection. When the servlet isinvoked by submitting the
form, it should make the pet selection. That keeps everything relating to pet selection in onefile, possibly easing
maintenance. Y ou can tell if aform was submitted by doing arequestParameter() on any of the argument
names, likethis: String formSent = request.getParameter("legs’). If the string comes back null, there wasn't a
form submitted (or at least that argument was not filled in), S0 the servliet must have been invoked with aURL
reference. The service routine should then generate the form. Otherwise, the servlet should send back the
HTML with the pet selection. Write aJSP file so that it deliversthe pet selection form in thisway, and responds
toit too.



Some Light Relief—Using Java to Stuff an Online Pall

The email to mewasbrief. It just read:

From bill g@entral Mon May 4 11:57:41 PDT
Subj ect: Hank the Angry Dwarf

To: jokes@un. COM

Hey everyone. |f you've got five seconds to spare, go to the followi ng url:

http://ww. pat hfi nder. com peopl e/ 50nost / 1998/ vot e/ i ndex. ht nl

and vote for:

Hank the Angry, Drunken Dwarf

This is a huge joke. W want to try to get Hank way up there on the People Magazi ne 50

= npst beautiful people of the year list. As of 2:00AM he's already up to nunber 5!

Well, | can recognize ahigh priority when | seeone. | put down the critica bug fix | wasworking on, went right to the
website, and checked what thiswas all about.

What this was all about

Every year the celebrity gossp magazine People printsalist of "the 50 most beautiful peoplein theworld,” and thisyear
they were soliciting votes on their website. People had started the ball rolling with nominationsfor actorslike Kate
Windet and Leonardo DiCaprio, who were in the public eye because of their rolesin the Titanic movie.

People magazine gave web surfers the opportunity to writein names of people for whom they wanted to vote. A fan of
the Howard Stern radio show nominated "Hank the angry, drunken dwarf” for Peopleslist. When Stern heard about
Hank's nomination as one of the most beautiful people in the world, he started plugging the candidacy on theradio. A
smilar phenomenon took place on the Internet, and many people received emall likel did. Another write-in stedlth
candidate widely favored by netizens was flamboyant, blond-haired, veteran pro-wrestler Ric Hair.

Hank isan occasional guest on Stern's syndicated radio program. Hank isavery short 36-year old dude who livesin
Bogon with his mother and enioved his 15 minutes of fame as abdlicerent if diminutive devotee of beer teqatiila and
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XML VersusHTML

Youll probably be relieved to hear that the basics of XML can belearned in afew minutes, though it takesawhile
longer to master the accompanying tools and standards. XML isaset of rules, guiddines, and conventionsfor
describing structured datain aplain text editable file. The @bbreviation XML standsfor "eXtensible Mark-up Language.”

XML isrelated to the HTML used to write web pages, and has asimilar appearance of text with mark-up tags
sorinkled throughiit.

HTML mark-up tags are things like <br> (bregk to anew line), <table> (dtart atable), and <li> (make an entry
inalist). INnHTML the set of mark-up tags are fixed in advance, and the only purpose for most of themisto
guide the way something looks on the screen.

With XML, you define your own tags and attributes (and thusit is"extensibl€") and you give them meaning, and
that meaning goes way beyond minor pointslike the font Sze to use when printing something out.

XML advantagesover HTML

Don't make the mistake of thinking that XML ismerely "HTML on steroids.” Although we approach it from HTML to
makeit easy to explain, XML does much more than HTML does. XML offersthe following advantages:

It isan archiva representation of data. Becauseitsformat isin plain text and carried around with the data, it can
never belost. That contrasts with binary representations of afile which al too easily become outdated. If this
wasadl it did, it would be enough to judtify its existence.

It provides away to web-publish filesthat can be directly processed by computer, rather than merely
human-readabl e text and pictures.

Itisplaintext, soit can be read by people without specid tools.

It can easily betransformed into HTML, or PDF, or data structures interna to aprogram, or any other format
yet to be dreamed up, so it is"future-proof.”

It's portable, open, and a standard, which makesit a grest fit with Java.

Wewill seethese benefits as we go through this chapter. XML holds the promise of taking web-based systemsto the
next level by supporting datainterchange everywhere. The web made everyone into a publisher of human-readable
HTML files. XML lets everyone become a publisher or consumer of computer-readable data files.


http://Amazon.com

Some Rulesof XML

XML followsthe samekind of hierarchicd data structuring rules that apply throughout most programming languages,
and therefore XML can represent the same kind of data that we are used to dealing with in our programs. Aswell see
later in the chapter, you can dways build atree data structure out of awell-formed XML file and you can always write
out atreeinto an XML file. When you want to send XML datato someone, the XML fileform is handy. When you
want to process the data, the in-memory tree-form is handy. The purpose of the Java XML AP isto provide classes
that make it easy to go from one form to the other, and to grab data on the way.

The XML eement

Noticethat al XML tags comein matched pairs of abegin tag and an end tag that surround the datathey are
describing, likethis:

<sonmeTagNane> some data appears here </ soneTagNanme>

The whole thing—start tag, data, and end tag—is called an element.

Y ou can nest e ementsinsde e ements, and the end tag for anested éement must come before the end tag of the thing
that containsit. Hereis an example of some XML that isnot valid:

<cd> <title>Wite Christnmas </cd> </title>

It'snot valid because thetitlefield (or "element” to use the proper term) is nested inside the cd ement, but thereisno
end tag for it before we reach the cd end tag. This proper nesting requirement makesiit redlly easy to check if afile has
properly nested XML. You can just push start tags onto a stack as they come in. When you reach an end tag, it should
match the tag on the top of the stack. If it does, pop the opening tag from the stack. If the tag doesn't match, thefile has
badly nested XML.

XML attributes
Just as some HTML tags can have severa extraarguments or "attributes,” so can XML tags. TheHTML <img> tagis

an example of an HTML tag with severd attributes. The <img> tag has attributes that specify the name of animagefile,
the kind of dignment on the page, and even the width and height in pixels of theimage. It might look likethis:


http://www.ucc.ie/xml/

The Document Type Definition (DTD)

Thereisanother leve of datavaidation in addition to adocument being "well-formed.” Y ou dso want to be ableto
check that the document contains only eementsthat you expect, al the dements that you expect, and that they only
appear where expected. For example, we know thisisnot avalid CD inventory entry:

<cd> <price>22</price> <qty>3</qty> </cd>

It'snot valid because it doesn't have atitle or artist field. Although we have three in stock, we can't say what it isthree
of.

What a DTD does

XML filestherefore usudly have a Document Type Definition or "DTD" that specifies how the eements can appear.
The DTD expresses which tags can appear, in what order, and how they can be nested. The DTD can be part of the
samefile, or stored separately in another place. A well-formed document that also hasa DTD and that conformsto its
DTD iscdled vdid.

DTD syntax

The DTD isitsdf written using something closeto XML tags, and thereisaproposa underway to dignthe DTD
language more closaly to XML. Y ou don't need to be able to read or write aDTD to understand this chapter, but well
go over the basicsanyway. Thereisaway to specify that somefields are optiona and thus might not be present. In
other words, it's the usud type of "afoo isany number of barsfollowed by at least one frotz" grammar that we see
throughout programming, with its own set of rulesfor how you expressit. HeresaDTD that specifies our CD inventory
XML file

<I ELEMENT inventory (cd)* >
<IELEMENT cd (title, artist, price, qty)>
< ELEMENT title (#PCDATA)>
< ELEMENT artist (#PCDATA)>
<! ELEMENT price (#PCDATA) >

<! ELEMENT qty (#PCDATA)>


http://www.example.com/inventory
http://slashdot.com

What IsXML Used For?

There secemsto be agreement from al sdesthat XML has abright future. Microsoft chief executive Steve Ballmer said
that hethinks use of XML will be acritically important trend in the industry. Why isthis? What motivated XML's
design?

Theorigins of XML

XML was developed in the mid 1990s under the leadership of Sun Microsystems employee Jon Bosak. Jon was
looking for waysto use the Internet for more than just information delivery and presentation. He wanted to create a
framework that would allow information to be salf-describing. That way applications could guarantee that they could
accessjust about any data. That in turn would clear the path to intelligent data-sharing between different organizations.
And that in turn would alow more and much better gpplications to be written and increase the demand for serversto
run them on. Well, that last part isn't agod, but it's certainly agreat Sde effect for anyone in the computer hardware
indudtry.

XML solves data incompatibility

Information access might not sound like a problem in these days of web publishing, but it used to be asgnificant barrier.
Theweb is till not agood medium for arbitrary binary data or datathat is not text, pictures, or audio. A few years ago,
every hardware manufacturer had a different implementation of floating-point hardware, and the formats were
incompatible between different computers. If you had atape of floating-point datafrom an gpplication run on aDEC
minicomputer, you had to go through unreasonabl e effort to process it on another manufacturer's mainframe. IBM
promoted its EBCDIC (Extended Binary Coded Decimal Interchange Code) convention over the ASCII (American
Standard Code for Information Interchange) codeset standardized in the rest of the Western world. People who wanted
to see their printouts in Japanese resorted to a variety of non-standard approaches.

By storing everything in character strings, XML avoids problems of incompatible byte order (big-endiarvlittle-endian)
that continue to plague people sharing datain binary formats. By stipulating Unicode or UTF encoding for the strings,
XML opens up accessto dl thelocaesin the world, just as Java does.

XML makes your dataindependent of any vendor or implementation or application software. In the 1960s, IBM
launched a transaction processing environment called CICS. CICS was an acronym for " Customer Information Control
System.” When asite used CICS, after awhileit usualy became completely dependent on it, and had to buy large and
continuing amounts of hardware and support from IBM in order to keep functioning. People used to joke that it wasthe
customer that was being controlled, not the information. But it was no joke if you werein that position. Modern
software applications cause the same kind of single-vendor lock-in today. XML goes along way to freeing your data
from this hidden burden. But note this key point: just because something is published in XML does not make it openly
available. The DTD and semantic meaning of the tags must aso be published before anyone can make sense of
non-trivial documents.

XML meanswe can all just get along

So XML makesit possiblefor otherwise incompatible computer systemsto share datain away that al can read and
write. XML markup can aso be read by people becauseit isjust ordinary text. So what new things can be done with



XML Versionsand Glossary

Table 27-1 contains the latest verson numbersrelating to XML. This chapter describes the most up-to-date version of

everything available at the time of thiswriting (Summer 2004).

Table27-1. XML-rdated verson numbers

API

JAXP

XST

SAXP

DOM

JAXM

JAXB

Verson number

Ver. 1.2

Ver. 1

Ver. 2.0

Levd 2

Ver.1.1.2

Ver. 1.0

Description

JavaAPI for XML processing.
Includesan XSLT framework based
on TrAX (Transformation API for
XML) plus updatesto the parsing
API to support DOM Level 2 and
SAX verson 2.0. Theremainder of
this chapter has more information on
JAXP.

XSLT isaconverson language
standardized by W3C that can be
used to put XML datain some other
form suchasHTML, PDF, or a
different XML format. For example,
you can use XSLT to convert an
XML document in aformat used by
one company to the format used by
another company. See www.zvon.org
for atutorid on "eXtensble Stylesheet
Language Transformations’ (XSLT).

Smple APl for XML Parsing. Thisis
covered later in this chapter.

Document Object Modd, whichis
another API for XML parsing. Thisis
covered later in this chapter.

Java Architecture for XML
Messaging. A new specification that
describesa Javalibrary for

XML -based messaging protocols.
Objects and arguments (messages)
will be turned into XML and sent to
other processes and processors as
streams of characters.

Java Architecture for XML Binding.
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JAXP Library Contents

Thisisagood point to review the packages that make up the Java XML library, their purpose, and their classes. The
different package names reflect the different origins of the code. The Javainterfaces came from Sun Microsystems, the
DOM implementation came from the W3C, and the SAX parser implementation came from yet athird organization.

Package: javax.xml.parsers

Purpose: Isthe Javainterface to the XML standard for parsing.

Contains these classes/interfaces: DocumentBuilderFactory, DocumentBuilder, SAX ParserFactory,
SAXParser. These get ingtances of a Parser and undertake a parse on an XML file.

Package: javax.xml.transform

Purpose: isthe Javainterface to the XML standard for tree transformation

Contains; classesto convert an XML treeinto an HTML fileor XML with adifferent DTD. Tree transformation
IS beyond the scope of thistext, but you can read more about it by searching for "transform” at javasun.com.

Package: org.w3c.dom

Purpose: hasthe classesthat make up aDOM treein memory

Contains these classes/interfaces. Node plus its subtypes. Document, DocumentType, Element, Entity, Attr,
Text, ec.

Package: org.xml.sax

Purpose: has the classes that can be used to navigate the datareturned in aSAX parse

Contains. two packages org.xml.sax.ext (extensons) and org.xml.sax.hel pers plus these classes/interfaces:
Attributes, ContentHandler, EntityResolver, DTDHandler, XML Reader. The helpers package containsthe
DefaultHandler classwhich istypically extended by one of your classesto handlea SAX parse, as explained
below.
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Reading XML With DOM Parsers

XML documents arejust text files, so you could read and write them using ordinary file 1/0O. But you'd miss the benefits
of XML if you did that. Vaid XML documents have alot of structure to them, and we want to read them in away that
lets us check their validity, and aso preserve the information about whet fields they have and how they arelaid out.

What we need is aprogram that reads aflat XML file and generates atree data structure in memory containing al the
information from thefile. Idedly, this program should be genera enough to build that structurefor dl possblevaid

XML files. Processng an XML fileiscaled "parsng” it. Parsing isthe computer science term (borrowed from compiler
terminology) for reading something that has afixed grammar, and checking that it correspondsto its grammar. The
program isknown asan"XML parser." The parser provides a service to gpplication programs. Application programs
hand the parser a stream of XML from adocument file or URL, the parser doesits work and then hands back atree of
Java objectsthat represents or "models’ the document.

An XML parser that worksthisway issaid to be a"Document Object Modd" or "DOM" parser. The key aspect is
that once the DOM parser starts, it carries on until the end and then hands back a complete tree representing the XML
file. The DOM parser isvery general and doesn't know anything about your customized XML tags. So how doesit give
you atree that represents your XML?Well, the DOM API has some interfaces that allow any kind of datato be held in
atree. The parser has some classes that implement those interfaces, and it instantiates objects of those classes.

Itsal kept pretty flexible, and alows different parsersto be plugged in and out without affecting your application code.
Smilarly, you get information out of the tree by calling routines specified in the DOM API. The Node interfaceisthe
primary datatype for the Document Object Moddl. It represents asingle node in the document tree, and provides
methods for navigating to child Node. Most of the other interfaces, like Document, Element, Entity, and Attr, extend
Node. In the next section we will review the code for asmple program that usesaDOM parser. DOM parsers can be
and are written in any language, but we are only concerned with Javaimplementations here.



A Program That Usesa DOM Par ser

This section walks through a code exampl e that instantiates and usesa DOM parser. The DOM parser isjust autility
that takesincoming XML data and creates a data structure for your application program (servlet, or whatever) to do
the real work. See Figure 27-3 for the diagram form of thisStugtion.

Figure 27-3. Theflow of datafrom XML to your code

[View full Szeimage]

The code we show in this section isthe code that is"your gpplication” in Figure 27-3. The JAXP library has code for
the other two boxes. The interfaceisalittle more involved than smply having our class cal the parser methods. This
unexpected dight complication happens because the Javalibrary implementors wanted to make absolutdly sure thet the
ingtalations never got locked into one particular XML parser. It's ways possible to swap the parser that comes with
thelibrary for another. To retain that flexibility, we ingtantiate the parser object in afunny way (the Factory design
pettern), which wewill explain later.

The program isgoing to read an XML file, get it parsed, and get back the output which isatree of Java objects that
mirror and represent the XML text file. Then the program will walk the tree, printing out what it finds. We hope it will
be identical with what wasread. In ared gpplication, the code would do alot more than merely echo the data; it would
processit in some fashion, extracting, comparing, summarizing. However, adding a heavyweight gpplication would
complicate the example without any benefit. So our gpplication smply echoeswhat it gets. The program we are
presenting hereisasmplified verson of an example program called DOMEcho.javathat comeswith the JAXP library.
The genera skeleton of the codeis asfollows.

/1 inport statenents

public class DOVEcho {

mai n(String[] args) {

/1l get a Parser fromthe Factory

/1l Parse the file, and get back a Docunent



Reading an XML File—SAX Parsers

DOM leve 1 was recommended as a standard by the World Wide Web consortium, W3C, in October 1998. In the
years since then, aweaknessin the DOM approach has become evident. It worksfine for small and medium-sized
amounts of data, up to, say, hundreds of megabytes. But DOM parsing doesn't work well for very large amounts of
data, in the range of gigabytes, which cannot necessarily fit in memory at once. In addition, it can wastealot of timeto
process an entire document when you know that al you need isone smdl dement alittleway into thefile.

To resolve these problems, a second agorithm for XML parsing wasinvented. It became known asthe"Simple API
for XML" or "SAX," and itsdistinguishing characterigtic isthat it passes back XML eementsto the calling program asit
findsthem. In other words, a SAX parser sartsreading an XML stream, and whenever it notices atag that startsan
element, it tellsthe caling program. It does the same thing for closing tagstoo. Theway a SAX parser communicates
with theinvoking program is viacalbacks, just like event handlersfor GUI programs.

The gpplication program regigtersitsaf with the SAX parser, saying in effect "when you see one of thesetags start, cdll
thisroutine of mine." It isup to the application program what it does with the information. It may need to build adata
structure, or add up values, or process dl e ementswith one particular value, or whatever. For example, to search for
al CDsby The Jam, you would look for dl the artist el ementswhere the PCDATA is"The Jam.”

SAX pardng isvery efficient with machine resources, but it aso has a couple of drawbacks. The programmer hasto
write more code to interface to a SAX parser than to aDOM parser. Also, the programmer has to manudly keep track
of where heisin the parsein case the application needs thisinformation (and that's a pretty big disadvantage). Finaly,
you can't "back up" to an earlier part of the document, or rearrange it, anymore than you can back up aserid data
stream. Y ou get the data asit flies by, and that'sit.

The error handling for JAXP SAX and DOM applications are identical in that they share the same exceptions. The
specifications require that validation errors are ignored by default. If you want to throw an exception in the event of a
vaidation error, then you need to write a brief class that implements the org.xml.sax.ErrorHandler interface, and register
it with your parser by caling the setErrorHandler() method of ether javax.xml.parsers. DocumentBuilder or

org.xml.sax. XML Reader. Error handling is the reason why DOM programsimport classes from the org.xml.sax and
org.xml.sax.hel pers packages.

JAXP includes both SAX and DOM parsers. So which should you usein agiven program? Y ou will want to choose
the parser with an eye on the following characterigtics:

SAX parsers are generdly faster and use fewer resources, so they are agood choice for serviets and other
transaction oriented requirements.

SAX parsersrequire more programming effort to set them up and interact with them.

SAX parsersare well suited to XML that contains structured data (e.g., seriaized objects).



A Program That Usesa SAX Parser

This section walks through a code example of a SAX parser. Because we have dready covered much of the
background, it will seem shorter than the DOM example. Don't be fooled. The generd skeleton of the codeisas
follows

/1 inport statenents: see bel ow
public class MySAXEcho ext ends Defaul t SAXHandl er {

main(String[] args) {
/1 get a Parser

/1 register my callbacks, and parse the file

/1 ny routines that get called back

public void startDocunent() { /*code...*/}
public void startEl enment( /*code...*/
public void characters ( /*code...*/
public void endEl enent (

/*code. ..*/

Thefirgt part of the program, the import statements, lookslikethis:

i mport java.io.*;
i mport org.xnl.sax.*;

i mport org.xm . sax. hel pers. Def aul t Handl er



The Factory Design Pattern

Y ou can safely skip this section on first reading, asit Smply describes how and why you use adesign pattern with the
JAXPlibrary.

If you implement an XML parser in the most straightforward way, code that uses the parser will need
implementation-specific knowledge of the parser (such asits classname). That's very undesirable. Thewhole XML
initiative isintended to free your data from single platform lock-ins, so having your codetied to a particular parser
underminesthe objective. The Java API for XML Processing (JAXP) takes specid stepsto insulate the APl from the
specificsof any individua parser.

This makesthe parser "pluggable,” meaning you can replace the parsers that come with the library with any other
compliant SAX or DOM parser. Thisis achieved by making sure that you never get areference to the implementation
classdirectly; you only ever work usng an object of the interface type in the JAXP library. It'sknown asthe " Factory™
design pattern.

Factories have asimple function: churn out objects. Obvioudy, aFactory is not needed to make an object. A smple
cal to acongructor will do it for you. However, the use of Factory alowsthe library-writer to define an interface for
creating an object, but let the Factory decide which exact classto instantiate. The Factory method allows your
gpplication classes use agenerd interface or abstract class, rather than a specific implementation. The interface or
abgtract class defines the methods that do the work. The implementation fulfills that interface, and is used by the
application, but never directly seen by the gpplication.

Figure 27-6 shows an abstract class called "Worker." Worker has exactly two methods: &) and b(). An interface can
equally be used, but let's stick with an abstract classfor the example. Y ou aso have some concrete classes that extend
the abstract class (WorkByJane, WorkByPete, etc.). These are the different implementations that are available to you.
They might differ in anything: oneisfast but usesalot of memory, another isdow but uses encryption to securethe
data, athird might be able to reach remote resources.

Figure 27-6. Worker abstract class, and subclasseswith different methods
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Design Pattern Summary

In summary, aclassc Factory design pattern lookslikethis:
1

Y ou have an interface or abstract class, Worker.
Y ou have some implementations of that, WorkerBill, WorkerJane, WorkerFred.

Y ou have aFactory that has amethod, often Static, often called getSomething or newSomething.” It returns
something of type Worker. That method chooses which of the implementorsto use. It does anew WorkerBill
(let'ssay) and returnsit as the supertype.

The application code now has a concrete class, but typed as the abstract superclass or interface. It cannot use more
methodsthan arein theinterface. Voila



Other Java XML Notes

The Document building codeis not guaranteed to be well behaved in threads. Y ou may very well have many XML files
to parse, and you may want to use athread for each. An implementation of the DocumentBuilderFactory classis not
guaranteed to be thread safe. To avoid problems, the gpplication can get anew instance of the
DocumentBuilderFactory per thread, and they can be configured differently in terms of how much vaidetion they do,
whether they ignore comments and so on.

Here's how we use the Factory instance to get back a Parser that has the type of the abstract class
javax.xml.parsers. DocumentBuilder:

. myDb = myDbf. newDocunent Bui | der () ;

Now that we have a DocumentBuilder (which is actudly a Peté'sPrettyGoodParser, or equivalent), we can useitina
type-safe, future-proof way to parse an XML file and build the corresponding document, like this:

org. w3c. dom Docunent doc = nyDb. parse( new File("nyData.xm"));

Wedid not smply move the dependency from your code into the run-time library. The JAXP run-timelibrary has put
the hooksin place to make it possble to switch parser implementations. The full details are the in the Specification
document which you will download. However, to summarize, the run-time looks for a property file that containsthe
classname of any different parser you want to use. If the property isnot found, it usesthe default. Soit al worksas
desired. Everything is hands-off. Y ou're manipulating the tree by remote control, which admittedly makesthis harder to
follow.

Factory pattern confusion in Java XML

Thefolks at Javasoft designed thiswith a double example of the factory pattern. First, you get a Factory,
from that you get a ParserFactory, then you get a parser, then you parse. Even worse, they made the
code more confusing by using the same class (DocumentBuilderFactory) for both Factories! The code
lookslikethis




Further Reading

Thereisacentrdized porta for people developing with XML languages at www.xml.org. The website wasformed in
1999 by OASIS, the non-profit Organization for the Advancement of Structured Information Systems, to provide
public accessto XML information and XML Schemas. Y ou can find everything there from tutorials to case studies.

The website www.w3schools.com/did/default.asp hasagood DTD Tutoria under thetitle"Welcometo DTD School.”
It dso haslinksto many other tutorials of interest to XML devel opers.

If you'reinterested in getting more information on XML and the Java XML API, be avare there are afew itemswe
haven't covered. Fird, thereisan additionad XML mark-up tag, known asa"processing indruction.” Thisis a piece of
XML inherited from SGML, but not redly agood fit. (SGML isthe mother of all mark-up languages, too large and too
complicated to ever get much usein therea world. XML and HTML are smplifications of SGML.) A processing
ingtruction isused to link style sheets (regular HTML CSS style sheets) into documents. Second, the topics of both
elements and attributes are deeper than we have room for here. We have not covered the third library in JAXP: the
transformation library in javax.xml.transform.

Thereis an independently developed open source library called JDOM. Thisisa Java APl that doesthe samejob as
W3C'sDOM. It was created as amore object-oriented and easier to use alternative to DOM, and there isagood
possibility it will be adopted into JAXP (or even replaceit). It has been adopted as Java Specification Request number
102, if you want to check on its progress. Please see the JDOM website at www.jdom.org for the most up-to-date
informetion.

IBM offersaseries of freetutorias on their website. There are tutorials covering parsers, DOM, SAX, and the
transformation library. Go to www.ibm.com/devel operworks and click or search on XML. Y ou haveto register at the
dte, but it isfree and quick.



http://www.xml.org
http://www.w3schools.com/dtd/default.asp
http://www.jdom.org
http://www.ibm.com/developerworks

Exercises

Describe the Factory design pattern and stateits use.

WriteaDTD that describesa CD inventory file. Each CD is either domestic or imported. These details are
sored for dl CDs. artid, title, price, quantity in stock. Imported CDs dso have thesefidlds: country of origin,
genre, non-discount status, language, and lead time for reorder. Write some XML instance data describing your
fivefavorite CDs (include a couple of imported CDs, t0o).

Vadidate your XML filefrom the previous question by running it against the DOM Echo program that comes
with the Java XML library. In the output you get, explain what the text nodeswith avadue of "[WS]" are. Hint:
Try varying the number of spaces and blank linesin your instance data, and seeing how that changes the outpuit.

Rewritethe DTD describing Shakespearean plays making better use of names, comments, and indenting.

It ispossibleto implement aDOM parser using aSAX parser, and vice versa, although not particularly
efficiently. Write acouple of paragraphs of explanation suggesting how both of these cases might be done.

Write aserviet that reads an XML file of aCD inventory and sendsHTML to the browser, putting the datainto
atable.

Improve the output of the SAXEcho program to make it more presentable and understandable.

Write an gpplication that usesaDOM parser to get CD information and outputs the total number of all kinds of
CDsthat you have in stock, and the total number by each artist. Remember that some artists may have severd
titlesin print at once.



Some Light Relief—View Source on Kevin'sLife

The 5K Contest first ran in the year 2000. It's anew annual challenge for web devel opersand HTML gurusto cregte
the mogt interesting web pagein lessthan 5120 bytes. That'sright, all HTML, scripts, image, style sheets, and any other
asociated filesmust collectively tota lessthan 5 kilobytesin size and be entirely salf-contained (no server-side
processing).

The 5k competition was originaly conceived in thefall of 1999 after an argument about the acceptablefilesze of a
template for aproject at work. The creator says, "It took along timeto actualy get it organized because, back in those
days, we al worked hard at our soul-destroying dot.com jobs and didn't have time for fun persond projects.”

The 5K sizelimit is pretty much the only rule, and some of the entries are a bit too Zen for a megt-and-potatoes guy like
me, but everyone seemsto be having agood time. Thereisthe usud crop of gameswritten in Javascript. Y ou've got
your Space Invaders, your Maze solvers, your Game of Life. It'sthe International Obfuscated C Code Competition
(see my text Expert C Programming), updated for the new medium and the new millennium. 3D Tetris, post modernism,
poetry, art, angst—it's al there, with clever use of Javascript, style sheets, and DHTML. Y ou can even enter an applet
If you warnt.

One nice entry in 2001 isthe Timepiece (shown in Figure 27-9). Thisisan animated clock showing seconds, minutes,
hours, date, day-of-week, month, phase of moon, and year. Y ou can choose the time zone.

Figure 27-9. The Timepiecein under 5K bytes.


http://dot.com
http://www.the5k.org/

Chapter 28. Web Services at Google and Amazon

Web Services Introduction

Google Web Services

Amazon Web Sarvices

Concdlusons

Some Light Relief—Googlewhacking

Web sarvices have had alot of publicity proclaiming them the new "new thing", but they haven't yet achieved the
universa usethat would justify that publicity. There are severa reasons behind that. One factor wasthe end of the Y 2K
upgrade spending, followed afew monthslater by the collgpse of dot-communism. Together these led to amulti-year
world-wide recession in the computer industry. Companies have been deferring new I T investments where they can.

In other words, the fact that web services aren't yet ubiquitous may have more to do with the economic climate than
with the technology. But another factor isthat web services often aren't secure. Thereisno trivial universaly accepted
security solution. Y ou can prevent people snooping on the bits by encrypting them using SSL (Secure Sockets Layer,
as used in https: protocols everywhere). But we also need away to ensure that only authorized clients call the server.
There are severa dternatives for this (such as authentication tokens), but industry has yet to converge on one.

Regardless, organizations are now increasing their use of web services. Two of the premier websites on the internet,
Google and Amazon, have launched web services Beta programs. These two initiatives are not related to each other,
and they have taken dightly different technical approaches.

The gods of the two Beta programs are the same though. Amazon and Google are both predicting that web services
aregoing to grow greetly in sgnificance.

Amazon and Google are planting aflag in the ground, saying that they intend to be part of that growth, and help shape
the future of web services. For you as a programmer, the benefit is getting early exposure to atechnology that's got a
grest future.

In this chapter well give you aclear picture of what web services are, and the problems they can solvefor an
organization. We will show how client programs send XML requests to web services. Thework that aweb service
server doesto fulfill arequest isbeyond our scope here. We will look at some XML that is sent back in response, but
not how it is generated or transformed. In the second section, we'll 1ook at the Google web services beta, and walk
through an example that usesit. The Google package is quite reasonable, and most programmers could figure it out for


http://afu.com/jj6

Web Services Introduction

Chapter 27 described XML. That mark-up language lets you label pieces of datawith adescription of what they are. If
you give an XML fileto another program (including a program outside your organization) it can easly find within thefile
the piecesin which it isinterested. Web services consist of XML files, plusaway of sending them to aserver that will
execute a program (probably a servlet) based on the request in the XML, and send back the results.

What are web services?

Therearealot of different pergpectives on web services, but in principle, thetechnology is
sraightforward. Here isthe programmer’'s perspective.

A web sarvice says "Heresmy URL you can post XML filesto (exactly like posting an HTML form). I'll
read the XML to find out what you are asking meto do, then I'll do it, and send the answer back asa
web page of more XML". Instead of abrowser at one end, there's a program at both ends.

Web services provide a service-oriented architecture that lets 1 T groups develop and deploy centrally,
while supporting any platform anywhere that is connected to the 'net. Web services are likely to supplant
past systemsthat have tried to do this (CORBA, DCOM, [10P, RPC and, yes, Javas RMI), but which
have al had interoperability limitationsin talking to each other. For example, RMI only workswhen there
isaJavasystem at both ends.

The problem that web services solve

If you've never worked in IT you may doubt this, but if you have worked inI T, you'll immediately recognizeit astrue. A
significant IT expensefor large organizationsis the cost of moving datafrom one system to another. Y ou store datafor
system A in adatabase, then requirements change and some of the data needs to be shared with System B in redl time.
But systems A and B are hosted on different computers, and use databases from different vendors. Just getting them to
agree on theformat of acaendar dateisa problem. Actualy moving the bulk datareliably and repeatedly isan
expendve and fragile undertaking.

Some companiestry to avoid the costs of datamigration by moving everything into a gigantic data repository known as
adatawarehouse. That has some advantages and some drawbacks of its own. Other companies, like Vitrialnc., have
built a substantial business out of providing software channelsthat reliably feed data from one system to another.

Today's browser-based web architecture has two potentia improvements for business data use:



Google Web Services

Thefirst sep isto download the beta kit (or the actual web services packageif this hasturned into a product by the
time you'e reading this). Go to http:/Mmww.google.com/apis/ read the license and click to download the zip file.

The license makes clear thisisfor persona use; you're not alowed to build thisinto commercid products. Y ou're aso
restricted to fewer than 1000 queries aday, and not more frequently than one a second. Google may well offer a
different licensein future. Y ou've got to respect their trademarks and agree thisis beta software which might not work.
The download is less than one MB, so only takes afew seconds.

Before you can go any further, you need to create a Google account. Thisisredly just afree regigtration of your email
address and a password. Google will send you an email, and when you click on thelink init, you're able to proceed.
Y our Google account can a so be used to post to Usenet through the Google servers, to access Google mail, and a
couple of other things.

Googlewill then send you alicense key, dso called aclient key, by emall. Thisisa 32-character (not -bit) string of
mixed case dphabetics and punctuation. Thisisn't avaid key, but akey will look something likethis:
hNpM%kKY 6+k;j 1hxkO3K nwQmso+/UH2g

Y ou haveto include your individua client key in dl program interactions with the Google web service. That lets Google
keep track of who isdoing what, and selectively disable the service if necessary.

Contents of the Google Beta Kit

After you have downloaded the betakit, unzip it. It'swell behaved, and will unpack into adirectory called "googlegpi”
that contains

A brief program written in Javathat demonstrates how to call the web service.

AnHTML document that explainsin detail the semantics of the function cals you can make using the Google
Web APIsservice. If you didn't already know how to filter a Google search by date-published, or only get
detailsfrom one site, thiswill give you theingde information.

A jar filethat you link againgt. Thisjar file doesdl the heavy lifting of XML formulation, SOAP communication,
and result parsing of the return value. Serioudly, thisis o easy to use, that you might get the wrong impression
that all web services arethat easy.

The WSDL file that describes the Google web servicesin XML.

Javadoc for the Gooalelibrary contained inthejar file.


http://www.google.com/apis/
http://api.google.com/search/beta2
http://api.google.com/GoogleSearch.wsdl

Amazon Web Services

Many of the stepsin using the Amazon web services mirror those of the Google web services. Thereis abetakit that
you download, you haveto register in order to get akey, aJavalibrary is provided along with a sample application, and
soon.

The Amazon people have not gone to quite so much trouble to hide the underlying complexities, so the process of
getting code running isabit more involved than with Google. On the other hand, you get amore redistic experience of
engaging with web services. There were some bugs which prevented compilation in the betaversion of the Amazon kit
at thetime | downloaded it. However it is possible to resolve all these and get code running.

Start by vigting http://mwww.amazon.com/gp/browse. html/?node=3434641 which is the download page. If this404's,
then search Googlefor "Amazon Web Services'. When you get to the right Amazon page, notice the links on the left of
that pagefor aFAQ), the license details, and obtaining the client key, which Amazon calls atoken. Obtain your token by
clicking on thelink and filling in your email address and apassword. Y our browser will load anew page, which shows
your 14-character token. Thiswill aso be emailed to the address you gave.

Web services and security

Amazon and Google are both using a featherweight security mechanism for their beta services. Sending a
client key in clear text over HTTPisbad enough, but if the transport usesan HTTP GET, thekey is
appended to the URL . Since URL s are tracked and cached, thisis like broadcasting your secret
informetion.

When these services go fully commercia, Google and Amazon will certainly choose amore secure
aternative, like SSL, Kerberostickets, or X.509 certificates.

Although itistill in Beta, the license agreement for Amazon web servicesisabit longer than Google's, because
Amazon is encouraging people to deploy applications around this. Indeed, they even sdll one such application, written
by an early adopter in the Beta program. That devel oper could have been you, if you'd tackled this afew months ago!
Contents of the Amazon Beta Kit

After downloading thefilekit.zip, unzip it to create adirectory called "kit" that contains adirectory
AmazonWebServices with these contents:

A readmefirg file describing the following information, giving advice, and telling you how to run the demo.


http://www.amazon.com/gp/browse.html/?node=3434641
http://Amazon.com
http://ws.apache.org/axis/
http://soap.amazon.com/schemas3/AmazonWebServices.wsdl

Conclusions

The computer industry has been doing electronic datainterchange for years. Web servicesisaway of standardizing and
turning it into Remote Procedure Cdls, using ubiquitous web serversand XML. REST isaway of smplifying that,
re-using existing HT TP protocolsingtead of inventing new ones.

The two giants of the Web, Amazon and Google, both concluded that UDDI and SOAP were not suitable for exposure
intheir Betaweb servicesinitiatives. Google layered acompletely new, and much smpler custom library on top.
Amazon provided thousands of lines of sample code in 35 Javafiles. But they aso supported the REST approach
which the overwhelming mgjority of their Beta users prefer.

Web services have dways been led from in front by the evolving technology, not driven from behind by a pressing need.
One result has been the profusion of industry groups rolling the frontiers forward, anticipating problemsin advance of
users encountering them. There are grand visions of automatically locating global services and connecting to themin
real-time to consume hillable services. But down on the ground, there are I T managers who just want the data from the
customer repair system to flow to authorized service dedlers so the dedlers can order parts, and get reimbursement for
warranty repairs. For these people UDDI, SOAP, and maybe WSDL is an unnecessary expense.

Web services support in MacOS X

There's only one desktop operating system in 2004 with built-in support for web services. MacOS X
(pronounced "MacOS ten") from Apple.

MacOS X isBSD Unix with afirgt-class window system on top, and it isfull of hidden treasures. It
comes with DVD authoring software. It has speech recognition and speech synthesis as a standard
feature (turn it on with apple/system preferences/speech). MacOS ships with Java preingtalled, and native
support for Javais part of the OS. MacOS comes with the world's best http server, Apache, built right
into the OS and easy to run.

Y ou can run Applée's Sherlock program to see web servicesin use. It accesses commercial web services,
and can do thingsliketdl you movie showtimesin your local area. Sherlock offers acustom view into
many web serviceslike airlineflights, stock prices, online auctions, language trandation and more. Y ou
can easly write your own code to work with web services on MacOS X. See the apple page at
www.apple.com/webobjectsiweb services.html

It would betrivia to reimplement the Google web service so that it used a REST approach, and there would no longer
be any complexity that would need to be hidden. The Google developers are generdly regarded as clueful, so one
wondersif the web services team deliberately chose SOAP for areason like "exploring anew technology".

That i iecti on wae nnead nn the Condll e Adaval oner nan/aaror in and an official ananvaer came baclke: "\A /e chnee tn ddal ivier


http://www.apple.com/webobjects/web_services.html

Some Light Reliefl—Googlewhacking

Thisisagreat place to mention "googlewhacking”, the game invented by Gary Stock (or someone dse, there are
several who claim to have coined the term). Googlewhacking isfor people who have not just too much time on their
hands, but entire clocksful of too much time on their hands. Theideaisto discover aset of two wordsin a Google
search that out of the bazillions of pages on the web, return exactly one match. Recent googlewhacks:

ambidextrous scalywags
squirreling dervishes
panfish interrogation
disenthralled nimrod
insolvent pachyderms
hellkiteflamingo

Thereareonly threerules:
1.
Do not put your words in quotes. Quoting astring tells Google to find the words in that order next to each

other, and that's just too easy.

Both words must be listed in the online dictionary & dictionary.reference.com

Onlinelists of words (dictionaries, glossaries, etc.) don't count as web page results.

Few of these terms stay googlewhacks for long. People put them in blogs, then the Google webcrawlersindex those
pages, and poof!

Y ou can tell the world of your tremendous accomplishments by posting true googlewhacks to the website at
www.googlewhack.com. TherésaFAQ there, written in adeightfully sarcastic and insouciant tone, offering this
judtification for why three-letter abbreviations are not accepted as googlewhack terms:

The web and the 'net are not gat zek, nor pij sdo... and not all men can say pyx unp, but, yes... you may. But not now,
and not for our use.


http://dictionary.reference.com
http://www.googlewhack.com

Appendix A. Downloading Java

Here are the steps to download and ingtall the latest free Java compiler.

1.

Go to thewebsite javasun.com
Click onthelink to "downloads'.

Y ou want the most up-to-date version of the Java development kit. From time to time, Sun Marketing
re-badges the JDK, using ever more silly and awvkward names. Mot recently, it has been called Java 2
Platform, Standard Edition (J2SE) Software Development Kit (SDK). In summer 2004, the most up-to-date
versonwas 1.5 (yes, "Java2" isa verson 1.5).

Y ou want the SDK (the compiler, tools, and run-timelibrary). The JRE isjust the part of the SDK needed to
run Java programs, but not the development tools (the JRE isa smdler download intended for users). Click
through the license (it says you can use the tools for free, but you're not to use them to build any nuclear
reactors).

Y ou reach a page where you choose which platform on which you will be running the compiler. Wherever you
choose to compile, your executable programswill run on al platforms.

Sun distributes compilersfor Solaris, Linux, and Windows. Solaris has been a 64-bit operating system since we
re-architected the kernd for Solaris 7 in 1998. Almost everyone dseis still running 32-bit versons of Linux and
Windows so choose one of those, unless you ingtalled 64-bit Linux or Windows.

If you are running something other than Solaris, Linux, or Windows, go to the home page of the manufacturer
and search for their Java download. MacOS X comeswith the JDK preingtalled, but new rel eases of Javamay
come out after you buy your Apple, so check the Apple webste for the latest.

For Windows, Sun offersan "offling’ ingdlation and an "onling" one. The"offling’ inddlation givesyou the
entire 50MB release in one download. (It's so big becauseit dso ingtdls the NetBeans IDE, the Java browser
plug-in, and Javawebgtart). Use the offline download if you have ardiable broadband service. Theresultisa
file that you execute to do the ingtalation.

The"online" download isasmdl (under IMB) download of a program. When you runit, it doesthered
download and ingtalation. It's restartable, if the connectionislost. TheresaFAQ of common issues/answers at
the download web page.

When the ingtd lation wizard runs, accept al defaults and optiona features (demos, source code, etc.). If you
choose adifferent installation directory, write down where! Y ou need that pathname (plus "\bin" added to the
end) in step 7. For Windows, the default ingdl isin:


http://java.sun.com

Now it'sHelo World

Java programs are made up of code organized into classes. If you are not using an IDE, the classes go into java source
files. Important classes should go in afile of the same name asthe class. For example, aclasscdled "hello” should goin
afilecaled "hello,java'. Hereisthe source you can put in such afile;

public class hello {
public static void main(String[] args) {

Systemout.println("hello sailor");

Y ou compile that with the command:

javac hello.java

That compilation will create afile caled hdlo.class. It contains the executable program binary. Y ou can run it with the
commeand:

java hello

Note you use the name of the class, not the name of thefile. Try it now. Then, on to the big picture of Java



Appendix B. Powersof Two Table

Refer to Table B-1 for powers of two.

Table B-1. Powers-of-Two from 21 to 264

21 2 217 131,072 | 233 8,580,934,5 | 249 562,949,953
<) 421,312

22 4 218 262,144 | 234 17,179,869, | 250 1,125,899,9
184 06,842,624
23 8 219 524,288 | 235 34,359,738, | 251 2,251,799,8
368 13,685,248
24 16 220 1,048,576 | 236 68,719,476, | 252 4,503,599,6
megabyte 736 27,370,496
25 €7) 221 2,097,152 | 237 137,438,953 | 253 9,007,199,2
AT2 54,740,992
26 64 222 4194304 | 238 274,877,906 | 254 18,014,398,
944 509,481,984
27 128 223 8,388,608 | 239 549,755,813 | 255 36,028,797,
888 018,963,968
28 256 224, 16,777,216 | 240 terabyte | 1,099,511,6 | 256 72,057,594,
27,776 037,927,936
29 512 225 33,554,432 | 241 2,199,023,2 | 257 144,115,188
55,552 ,075,855,87

2
210 kilobyte | 1,024 226 67,108,864 | 242 4,398,046,5 | 258 288,230,376
11,104 151,711,74

4
211 2,048 227 134,217,728 | 243 8,796,093,0 | 259 576,460,752
22,208 ,303,423,48

8
212 4,096 228 268,435,456 | 244 17,592,186, | 260 1,152,921,5




Appendix C. Codesets

Table C-1 shows 256 decimal and hexadecimal codes that represent characters and control charactersin different
codesets. The codesets shown are:

SO 8859 Latin-1 codeset. SO 8859-1 isidentical to the first 256 Unicode characters.

ANSI X3.4-1968 ASCII. The ASCII characters are a subset of the 8859-1 code, and codes within the
ASCII range areindicated by shading in the leftmost column in the table below.

IBM's nearly obsolete EBCDIC codeset.

Table C-1. 1SO 8859-1, ASCII and EBCDIC codes

| SO 8859-1 and ASCI | Dec Hex EBCDIC

NUL Null 0 00 Null NUL

SOH Sart of Heading | 1 01 Start of Heading | SOH
(CC)

STX Start of Text 2 02 Start of Text STX
(CO)

ETX End of Text (CC) | 3 03 End of Text ETX

EOT End of 4 04 Punch Off PF
Trangmisson
(CC)

ENQ Enquiry (CC) 5 05 Horizontd Tab HT

ACK Acknowledge 6 06 Lower Case LC
(CO)

BEL Bdl 7 07 Delete DEL

BS Backspace (FE) | 8 08
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