


What they’re saying about Head First

“Javatechnologyiseverywhere—Ifyoudevelopsoftwareandhaven’tlearnedJava,it’sdefinitely
timetodivein—HeadFirst.”

 —ScottMcNealy,SunMicrosystemsChairman,PresidentandCEO

“Beyondtheengagingstylethatdragsyouforwardfromknow-nothingintoexaltedJavawarriorstatus,
HeadFirstJavacoversahugeamountofpracticalmattersthatothertextsleaveasthedreaded“exercise
forthereader...”It’sclever,wry,hipandpractical—therearen’talotoftextbooksthatcanmakethatclaim
andliveuptoitwhilealsoteachingyouaboutobjectserializationandnetworklaunchprotocols.”

 —Dr.DanRussell,DirectorofUserSciencesandExperienceResearch
IBMAlmadenResearchCenter(andteachesArtificialIntelligenceatStanfordUniversity)

“KathyandBert’s‘HeadFirstJava’transformstheprintedpageintotheclosestthingtoaGUIyou’ve
everseen.Inawry,hipmanner,theauthorsmakelearningJavaanengaging‘what’retheygonnado
next?’experience.”

 —WarrenKeuffel,SoftwareDevelopmentMagazine

“It’sfast,irreverent,fun,andengaging.Becareful—youmightactuallylearnsomething!”

 —KenArnold,formerSeniorEngineeratSunMicrosystems
 Co-author(withJamesGosling,creatorofJava),“TheJavaProgrammingLanguage”

AmazonnamedHeadFirstJava
aTopTenEditor’sChoicefor
ComputerBooksof2003
(firstedition)

SoftwareDevelopmentMagazinenamed
HeadFirstJavaafinalistforthe14thAnnual
JoltCola/ProductExcellenceAwards

“...theonlywaytodecidetheworthofatutorialistodecidehowwellitteaches.HeadFirstJavaexcelsat
teaching.OK,Ithoughtitwassilly...thenIrealizedthatIwasthoroughlylearningthetopicsasIwent
throughthebook.”

“ThestyleofHeadFirstJavamadelearning,well,easier.”

 —slashdot(honestpuck’sreview)

“HeadFirstJavaislikeMontyPythonmeetsthegangoffour...thetextisbrokenupsowellbypuzzles
andstories,quizzesandexamples,thatyoucovergroundlikenocomputerbookbefore.”

 —DouglasRowe,ColumbiaJavaUsersGroup



“ReadHeadFirstJavaandyouwillonceagainexperiencefuninlearning...Forpeoplewholiketolearn
newprogramminglanguages,anddonotcomefromacomputerscienceorprogrammingbackground,
thisbookisagem...Thisisonebookthatmakeslearningacomplexcomputerlanguagefun.Ihope
thattherearemoreauthorswhoarewillingtobreakoutofthesameoldmoldof‘traditional’writing
styles.Learningcomputerlanguagesshouldbefun,notonerous.”

 —JudithTaylor,SoutheastOhioMacromediaUserGroup

“AfewdaysagoIreceivedmycopyofHeadFirstJavabyKathySierraandBertBates.I’monlypartway
throughthebook,butwhat’samazedmeisthateveninmysleep-deprivedstatethatfirstevening,Ifound
myselfthinking,‘OK,justonemorepage,thenI’llgotobed.’“

 —JoeLitton

“Ifyou’rerelativelynewtoprogrammingandyouareinterestedinJava,here’syourbook...Covering
everythingfromobjectstocreatinggraphicaluserinterfaces(GUI),exception(error)handlingtonet-
working(sockets)andmultithreading,evenpackagingupyourpileofclassesintooneinstallationfile,
thisbookisquitecomplete...Ifyoulikethestyle...I’mcertainyou’lllovethebookand,likeme,hope
thattheHeadFirstserieswillexpandtomanyothersubjects!”

 —LinuxQuestions.org

“IwasADDICTEDtothebook’sshortstories,annotatedcode,mockinterviews,andbrainexercises.”

 —MichaelYuan,author,EnterpriseJ2ME

Praise for Head First Java

“‘HeadFirstJava’...givesnewmeaningtotheirmarketingphrase`There’sanOReillyforthat.`I
pickedthisupbecauseseveralothersIrespecthaddescribeditintermslike‘revolutionary’anda
describedaradicallydifferentapproachtothetextbook.Theywere(are)right...IntypicalO’Reilly
fashion,they’vetakenascientificandwellconsideredapproach.Theresultisfunny,irreverent,topical,
interactive,andbrilliant...Readingthisbookislikesittinginthespeakersloungeataviewconference,
learningfrom–andlaughingwith–peers...IfyouwanttoUNDERSTANDJava,gobuythisbook.”

 —AndrewPollack,www.thenorth.com

“IfyouwanttolearnJava,looknofurther:welcometothefirstGUI-basedtechnicalbook!This
perfectly-executed,ground-breakingformatdeliversbenefitsotherJavatextssimplycan’t...
PrepareyourselfforatrulyremarkableridethroughJavaland.”

 —NeilR.Bauman,Captain&CEO,GeekCruises(www.GeekCruises.com)

“Ifanyoneintheworldisfamiliarwiththeconceptof‘HeadFirst,’itwouldbeme.This
bookissogood,I’dmarryitonTV!”

 —RickRockwell,Comedian
 TheoriginalFOXTelevision“WhoWantstoMarryaMillionaire”groom

“ThisstuffissofrickinggooditmakesmewannaWEEP!I’mstunned.”

 —FloydJones,SeniorTechnicalWriter/Poolboy,BEA



“FINALLY-aJavabookwrittenthewayIwould’awroteitifIwereme.
Seriouslythough-thisbookabsolutelyblowsawayeveryothersoftwarebookI’veeverread...
Agoodbookisverydifficulttowrite...youhavetotakealotoftimetomakethingsunfoldina
natural,“readeroriented”sequence.It’salotofwork.Mostauthorsclearlyaren’tuptothechallenge.
CongratulationstotheHeadFirstEJBteamforafirstclassjob!

 —WallyFlint

“IcouldnothaveimaginedapersonsmilingwhilestudyinganITbook!UsingHeadFirstEJB
materials,Igotagreatscore(91%)andsetaworldrecordastheyoungestSCBCD,14years.”

 —AfsahShafquat(world’syoungestSCBCD)

Praise for other Head First books co-authored by Kathy and Bert

“Ifeellikeathousandpoundsofbookshavejustbeenliftedoffofmyhead.”

 —WardCunningham,inventoroftheWiki
andfounderoftheHillsideGroup

“Ilaughed,Icried,itmovedme.”

 —DanSteinberg,Editor-in-Chief,java.net

“Myfirstreactionwastorollonthefloorlaughing.AfterIpickedmyselfup,Irealizedthatnotonlyisthe
booktechnicallyaccurate,itistheeasiesttounderstandintroductiontodesignpatternsthatIhaveseen.”

 —Dr.TimothyA.Budd,AssociateProfessorofComputerScienceatOregonStateUniversity
authorofmorethanadozenbooksincludingC++forJavaProgrammers

“Justtherighttoneforthegeeked-out,casual-coolgurucoderinallofus.Therightreferenceforprac-
ticaldevelopmentstrategies—getsmybraingoingwithouthavingtoslogthroughabunchoftired
staleprofessor-speak.”

 —TravisKalanick,FounderofScourandRedSwoosh
MemberoftheMITTR100

“ThisHeadFirstServletsbookisasgoodastheHeadFirstEJBbook,whichmademelaugh
ANDgaveme97%ontheexam!”

 —JefCumps,J2EEconsultant,Cronos

AmazonnamedHeadFirstServlets
aTopTenEditor’sChoicefor
ComputerBooksof2004
(firstedition)

SoftwareDevelopmentMagazinenamed
HeadFirstServletsandHeadFirstDesign
Patternsfinalistsforthe15thAnnual
ProductExcellenceAwards



Make it Stick

Other Java books from O’Reilly

Head First Design Patterns
Head First Servlets
Head First EJB™

 Ant: The Defi nitive Guide™  
Better, Faster, Lighter Java™
Enterprise JavaBeans™
Hibernate: A Developer’s Notebook
Java™ 1.5 Tiger: A Developer’s Notebook
Java™ Cookbook
Java™ in a Nutshell
Java™ Network Programming
Java™ Servlet & JSP Cookbook
Java™ Swing
JavaServer Faces™
JavaServer Pages™
Programming Jakarta Struts
Tomcat: the Defi nitive Guide

Be watching for more books in the Head First series



Head First Java™

Second Edition

Beijing  •  Cambridge  •  Köln  •  Paris  •  Sebastopol  •  Taipei  •  Tokyo

Wouldn’t it be dreamy 
if there was a Java book 

that was more stimulating 
than waiting in line at the 
DMV to renew your driver’s 
license? It’s probably just a 

fantasy...

Kathy Sierra
Bert Bates



Head First Java™

Second Edition

byKathySierraandBertBates

Copyright©2003,2005byO’ReillyMedia,Inc.Allrightsreserved.

PrintedintheUnitedStatesofAmerica.

PublishedbyO’ReillyMedia,Inc.,1005GravensteinHighwayNorth,Sebastopol,CA95472.

O’ReillyMediabooksmaybepurchasedforeducational,business,orsalespromotionaluse.
Onlineeditionsarealsoavailableformosttitles(safari.oreilly.com).Formoreinformation,
contactourcorporate/institutionalsalesdepartment:(800)998-9938orcorporate@oreilly.com.

Editor:  MikeLoukides

Cover Designer: EdieFreedman

Interior Designers:KathySierraandBertBates

Printing History:

May2003: FirstEdition.

February2005: SecondEdition.

(Youmightwanttopickupacopyofbotheditions...foryourkids.ThinkeBay™)

TheO’ReillylogoisaregisteredtrademarkofO’ReillyMedia,Inc.JavaandallJava-based
trademarksandlogosaretrademarksorregisteredtrademarksofSunMicrosystems,Inc.,inthe
UnitedStatesandothercountries.O’ReillyMedia,Inc.isindependentofSunMicrosystems.

Manyofthedesignationsusedbymanufacturersandsellerstodistinguishtheirproductsare
claimedastrademarks.

Wherethosedesignationsappearinthisbook,andO’ReillyMedia,Inc.wasawareofatrademark
claim,thedesignationshavebeenprintedincapsorinitialcaps.

Whileeveryprecautionhasbeentakeninthepreparationofthisbook,thepublisherandthe
authorsassumenoresponsibilityforerrorsoromissions,orfordamagesresultingfromtheuseof
theinformationcontainedherein.

Inotherwords,ifyouuseanythinginHeadFirstJava™to,say,runanuclearpowerplantorair
trafficcontrolsystem,you’reonyourown.

ISBN:0596009208

[M]



Toourbrains,foralwaysbeingthere

(despiteshakyevidence)



Creators of the Head First series

Kathy Sierra

Kathyhasbeeninterestedinlearningtheory
sinceherdaysasagamedesigner(shewrote
gamesforVirgin,MGM,andAmblin’).She
developedmuchoftheHeadFirstformatwhile
teachingNewMediaAuthoringforUCLA
Extension’sEntertainmentStudiesprogram.
Morerecently,she’sbeenamastertrainerforSun
Microsystems,teachingSun’sJavainstructorshow
toteachthelatestJavatechnologies,andalead
developerofseveralofSun’sJavaprogrammer
anddevelopercertificationexams.Together
withBertBates,shehasbeenactivelyusingthe
conceptsinHeadFirstJavatoteachhundredsof
trainers,developersandevennon-programmers.
SheisalsothefounderofoneofthelargestJava
communitywebsitesintheworld,javaranch.com,
andtheCreatingPassionateUsersblog.

Alongwiththisbook,Kathyco-authoredHead
FirstServlets,HeadFirstEJB,andHeadFirst
DesignPatterns.

InhersparetimesheenjoyshernewIcelandic
horse,skiing,running,andthespeedoflight.

kathy@wickedlysmart.com

Bertisasoftwaredeveloperandarchitect,buta
decade-longstintinartificialintelligencedrove
hisinterestinlearningtheoryandtechnology-
basedtraining.He’sbeenteachingprogramming
toclientseversince.Recently,he’sbeena
memberofthedevelopmentteamforseveralof
Sun’sJavaCertificationexams.

Hespentthefirstdecadeofhissoftwarecareer
travellingtheworldtohelpbroadcastclientslike
RadioNewZealand,theWeatherChannel,and
theArts&EntertainmentNetwork(A&E).One
ofhisall-timefavoriteprojectswasbuildingafull
railsystemsimulationforUnionPacificRailroad.

BertisahopelesslyaddictedGoplayer,andhas
beenworkingonaGoprogramforwaytoolong.
He’safairguitarplayer,nowtryinghishandat
banjo,andlikestospendtimeskiing,running,
andtryingtotrain(orlearnfrom)hisIcelandic
horseAndi.

Bertco-authoredthesamebooksasKathy,andis
hardatworkonthenextbatchofbooks(check
theblogforupdates).

YoucansometimescatchhimontheIGSGo
server(undertheloginjackStraw).

terrapin@wickedlysmart.com

Bert Bates

Although Kathy and Bert try to answer as much email as they can, the volume of mail and their travel schedule makes that 
difficult. The best (quickest) way to get technical help with the book is at the very active Java beginners forum at javaranch.com.



ix

i Intro
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snowboardingisabadidea.”Sohowdoyoutrickyourbrainintothinkingthatyourlife

dependsonknowingJava?
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You Bet

Shoot Me

2 A Trip to Objectville
I was told there would be objects.  InChapter1,weputallofourcode

inthemain()method.That’snotexactlyobject-oriented.Sonowwe’vegottoleavethat

proceduralworldbehindandstartmakingsomeobjectsofourown.We’lllookatwhat

makesobject-oriented(OO)developmentinJavasomuchfun.We’lllookatthedifference

betweenaclassandanobject.We’lllookathowobjectscanimproveyourlife.

1 Breaking the Surface
Java takes you to new places. Fromitshumblereleasetothepublicasthe

(wimpy)version1.02,Javaseducedprogrammerswithitsfriendlysyntax,object-oriented

features,memorymanagement,andbestofall—thepromiseofportability.We’lltakeaquick

dipandwritesomecode,compileit,andrunit.We’retalkingsyntax,loops,branching,andwhat

makesJavasocool.Divein.

The way Java works  2

Code structure in Java 7

Anatomy of  a class  8

The main() method 9

Looping 11

Conditional branching (if tests) 13

Coding the “99 bottles of  beer” app  14

Phrase-o-matic  16

Fireside chat: compiler vs. JVM 18

Exercises and puzzles 20

Method Party()

   0 aload_0

   1 invokespe-
cial #1 <Method 
java.lang.Object()>

   4 return

Compiled 
bytecode

       Virtual
Machines

Chair Wars (Brad the OO guy vs. Larry the procedural guy)  28

Inheritance (an introduction) 31

Overriding methods (an introduction)  32

What’s in a class? (methods, instance variables) 34

Making your fi rst object  36

Using main() 38

Guessing Game code  39

Exercises and puzzles 42
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pass-by-value means 
pass-by-copy

3 Know Your Variables
Variables come in two flavors: primitive and reference.      
There’sgottabemoretolifethanintegers,Strings,andarrays.WhatifyouhaveaPetOwner

objectwithaDoginstancevariable?OraCarwithanEngine?Inthischapterwe’llunwrap

themysteriesofJavatypesandlookatwhatyoucandeclareasavariable,whatyoucanput

inavariable,andwhatyoucandowithavariable.Andwe’llfinallyseewhatlifeistrulylike

onthegarbage-collectibleheap.

Dog reference

Dog objec
t 

size
24

int

fido

4 How Objects Behave
State affects behavior,  behavior affects state.  Weknowthatobjects

havestateandbehavior,representedbyinstancevariablesandmethods.Nowwe’lllook

athowstateandbehaviorarerelated.Anobject’sbehaviorusesanobject’suniquestate.

Inotherwords,methodsuseinstancevariablevalues.Like,“ifdogweightislessthan14

pounds,makeyippysound,else...”Let’sgochangesomestate!

00000111

int

X
00000111

int

Z

copy of x

foo.go(x); void go(int z){ }

Declaring a variable (Java cares about type) 50

Primitive types (“I’d like a double with extra foam, please”) 51

Java keywords 53

Reference variables (remote control to an object) 54

Object declaration and assignment 55

Objects on the garbage-collectible heap 57

Arrays (a fi rst look) 59

Exercises and puzzles 63

Methods use object state (bark different) 73

Method arguments and return types 74

Pass-by-value (the variable is always copied) 77

Getters and Setters 79

Encapsulation (do it or risk humiliation) 80

Using references in an array 83

Exercises and puzzles 88
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5 Extra-Strength Methods
Let’s put some muscle in our methods.  Youdabbledwithvariables,

playedwithafewobjects,andwrotealittlecode.Butyouneedmoretools.Like

operators.Andloops.Mightbeusefultogeneraterandomnumbers.Andturn

aStringintoanint,yeah,thatwouldbecool.Andwhydon’twelearnitallbybuilding

somethingreal,toseewhatit’sliketowrite(andtest)aprogramfromscratch.Maybea

game,likeSinkaDotCom(similartoBattleship).

6 Using the Java Library
Java ships with hundreds of  pre-built classes.  Youdon’thaveto

reinventthewheelifyouknowhowtofindwhatyouneedfromtheJavalibrary,commonly

knownastheJavaAPI.You’vegotbetterthingstodo.Ifyou’regoingtowritecode,you

mightaswellwriteonlythepartsthatarecustomforyourapplication.ThecoreJavalibrary

isagiantpileofclassesjustwaitingforyoutouselikebuildingblocks.
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We’re gonna bu
ild the 

Sink a Dot Com game

“Goodtoknowthere’sanArrayListin
thejava.utilpackage.Butbymyself,how
wouldIhavefiguredthatout?”

- Julia, 31, hand model

Building the Sink a Dot Com game 96

Starting with the Simple Dot Com game (a simpler version) 98

Writing prepcode (pseudocode for the game) 100

Test code for Simple Dot Com 102

Coding the Simple Dot Com game 103

Final code for Simple Dot Com 106

Generating random numbers with Math.random() 111

Ready-bake code for getting user input from the command-line 112

Looping with for loops 114

Casting primitives from a large size to a smaller size 117

Converting a String to an int with Integer.parseInt() 117

Exercises and puzzles 118

Analying the bug in the Simple Dot Com Game 126

ArrayList (taking advantage of  the Java API) 132

Fixing the DotCom class code 138

Building the real game (Sink a Dot Com) 140

Prepcode for the real game 144

Code for the real game  146

boolean expressions 151

Using the library (Java API) 154

Using packages (import statements, fully-qualifi ed names) 155

Using the HTML API docs and reference books 158

Exercises and puzzles 161
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Some classes just should not be instantiated 200

Abstract classes (can’t be instantiated) 201

Abstract methods (must be implemented) 203

Polymorphism in action 206

Class Object (the ultimate superclass of  everything) 208

Taking objects out of  an ArrayList (they come out as type Object) 211

Compiler checks the reference type (before letting you call a method) 213

Get in touch with your inner object 214

Polymorphic references 215

Casting an object reference (moving lower on the inheritance tree) 216

Deadly Diamond of  Death (multiple inheritance problem) 223

Using interfaces (the best solution!) 224

Exercises and puzzles 230

7 Better Living in Objectville
Plan your programs with the future in mind. Whatifyoucouldwrite

codethatsomeoneelsecouldextend,easily?Whatifyoucouldwritecodethatwasflexible,

forthosepeskylast-minutespecchanges?WhenyougetonthePolymorphismPlan,you’ll

learnthe5stepstobetterclassdesign,the3trickstopolymorphism,the8waystomake

flexiblecode,andifyouactnow—abonuslessononthe4tipsforexploitinginheritance.

8 Serious Polymorphism
Inheritance is just the beginning.  Toexploitpolymorphism,weneed

interfaces.Weneedtogobeyondsimpleinheritancetoflexibilityyoucangetonlyby

designingandcodingtointerfaces.What’saninterface?A100%abstractclass.What’san

abstractclass?Aclassthatcan’tbeinstantiated.What’sthatgoodfor?Readthechapter...

Make it Stick
Rosesarered,violetsareblue.SquareIS-AShape,thereverseisn’ttrue.Rosesarered,violetsaredear.BeerIS-ADrink,butnotalldrinksarebeer.OK,yourturn.Makeonethatshowstheone-

way-nessoftheIS-Arelationship.Andremem-
ber,ifXextendsY,XIS-AYmustmakesense.

Object o = al.get(id);
Dog d = (Dog) o;

d.bark();

Object

    o
   Dog object

Dog

d

cast the Object back to a Dog we know is there.

Object

Understanding inheritance (superclass and subclass relationships) 168

Designing an inheritance tree (the Animal simulation) 170

Avoiding duplicate code (using inheritance) 171

Overriding methods 172

IS-A and HAS-A (bathtub girl) 177

What do you inherit from your superclass? 180

What does inheritance really buy you? 182

Polymorphism (using a supertype reference to a subclass object) 183

Rules for overriding (don’t touch those arguments and return types!) 190

Method overloading (nothing more than method name re-use) 191

Exercises and puzzles 192
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9 Life and Death of an Object
Objects are born and objects die. You’reincharge.Youdecidewhenand

howtoconstructthem.Youdecidewhentoabandonthem.TheGarbageCollector(gc)

reclaimsthememory.We’lllookathowobjectsarecreated,wheretheylive,andhowto

keeporabandonthemefficiently.Thatmeanswe’lltalkabouttheheap,thestack,scope,

constructors,superconstructors,nullreferences,andgceligibility.

10 Numbers Matter
Do the Math.TheJavaAPIhasmethodsforabsolutevalue,rounding,min/max,etc.

Butwhataboutformatting?Youmightwantnumberstoprintexactlytwodecimalpoints,

orwithcommasinalltherightplaces.Andyoumightwanttoprintandmanipulatedates,

too.AndwhataboutparsingaStringintoanumber?OrturninganumberintoaString?

We’llstartbylearningwhatitmeansforavariableormethodtobestatic.

‘d’ is assigned a new Duck object, leaving the 
original (first) Duck object abandoned. That 
first Duck is toast..

Duck  object
 

Heap
d

Duck  object
 

When someone calls 

the go() method, this 

Duck is abandoned. H
is 

only reference has
 been 

reprogrammed for a 

different Duck.

kid instance one
kid instance two

static variable: 
iceCream

Static variables 
are shared by 
all instances of 
a class.

instance variables:  
one per instance

static variables:  
one per class

The stack and the heap, where objects and variables live 236

Methods on the stack 237

Where local variables live 238

Where instance variables live 239

The miracle of  object creation 240

Constructors (the code that runs when you say new) 241

Initializing the state of  a new Duck 243

Overloaded constructors 247

Superclass constructors (constructor chaining) 250

Invoking overloaded constructors using this() 256

Life of  an object 258

Garbage Collection (and making objects eligible) 260

Exercises and puzzles 266

Math class (do you really need an instance of  it?) 274

static methods 275

static variables 277

Constants (static fi nal variables) 282

Math methods (random(), round(), abs(), etc.) 286

Wrapper classes (Integer, Boolean, Character, etc.) 287

Autoboxing 289

Number formatting 294

Date formatting and manipulation 301

Static imports 307

Exercises and puzzles 310
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11 Risky Behavior
Stuff  happens. Thefileisn’tthere.Theserverisdown.Nomatterhowgooda

programmeryouare,youcan’tcontroleverything.Whenyouwriteariskymethod,youneed

codetohandlethebadthingsthatmighthappen.Buthowdoyouknowwhenamethodis

risky?Wheredoyouputthecodetohandletheexceptionalsituation?Inthischapter,we’re

goingtobuildaMIDIMusicPlayer,thatusestheriskyJavaSoundAPI,sowebetterfindout.

12 A Very Graphic Story
Face it, you need to make GUIs. Evenifyoubelievethatfortherestofyour

lifeyou’llwriteonlyserver-sidecode,soonerorlateryou’llneedtowritetools,andyou’ll

wantagraphicalinterface.We’llspendtwochaptersonGUIs,andlearnmorelanguage

featuresincludingEventHandlingandInnerClasses.We’llputabuttononthescreen,

we’llpaintonthescreen,we’lldisplayajpegimage,andwe’llevendosomeanimation.

class with a 
risky method

throws an exception back

class Cow {
  void moo() {
    if (serverDown){
      explode();
     }
   }
}

your code

class Bar {
  void go() {
     moo();
  } 
  int stuff() {
     x.beep();
  }
}

calls risky method
1

2

class MyOuter  {
   
   class MyInner {
      void go() {
       }
    } 

} 

The outer and inner objects 
are now intimately linked.

These two objects on the 

heap have a special
 bond. The 

inner can use the o
uter’s 

variables (and vice
-versa). 

inner

outer

Your fi rst GUI 355

Getting a user event 357

Implement a listener interface 358

Getting a button’s ActionEvent 360

Putting graphics on a GUI 363

Fun with paintComponent() 365

The Graphics2D object 366

Putting more than one button on a screen 370

Inner classes to the rescue (make your listener an inner class) 376

Animation (move it, paint it, move it,  paint it, move it, paint it...) 382

Code Kitchen (painting graphics with the beat of  the music) 386

Exercises and puzzles 394

Making a music machine (the BeatBox) 316

What if  you need to call risky code? 319

Exceptions say “something bad may have happened...” 320

The compiler guarantees (it checks) that you’re aware of  the risks 321

Catching exceptions using a try/catch (skateboarder) 322

Flow control in try/catch blocks 326

The fi nally block (no matter what happens, turn off  the oven!) 327

Catching multiple exceptions (the order matters) 329

Declaring an exception (just duck it) 335

Handle or declare law 337

Code Kitchen (making sounds) 339

Exercises and puzzles 348
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13 Work on your Swing
Swing is easy. Unlessyouactuallycarewhereeverythinggoes.Swingcodelooks

easy,butthencompileit,runit,lookatitandthink,“hey,that’snotsupposedtogothere.”

Thethingthatmakesiteasytocodeisthethingthatmakesithardtocontrol—theLayout

Manager.Butwithalittlework,youcangetlayoutmanagerstosubmittoyourwill.In

thischapter,we’llworkonourSwingandlearnmoreaboutwidgets.

14 Saving Objects
Objects can be flattened and inflated. Objectshavestateandbehavior.

Behaviorlivesintheclass,butstateliveswithineachindividualobject.Ifyourprogram

needstosavestate,youcandoitthehardway,interrogatingeachobject,painstakingly

writingthevalueofeachinstancevariable.Or,youcandoittheeasyOOway—yousimply

freeze-drytheobject(serializeit)andreconstitute(deserialize)ittogetitback.

Components in 
the east and 
west get their 
preferred width.

Things in the 
north and 
south get their 
preferred height.

The center gets whatever’s left.

Swing Components 400

Layout Managers (they control size and placement) 401

Three Layout Managers (border, flow, box) 403

BorderLayout (cares about five regions) 404

FlowLayout (cares about the order and preferred size) 408

BoxLayout (like flow, but can stack components vertically) 411

JTextField (for single-line user input) 413

JTextArea (for multi-line, scrolling text) 414

JCheckBox (is it selected?) 416

JList (a scrollable, selectable list) 417

Code Kitchen (The Big One - building the BeatBox chat client) 418

Exercises and puzzles 424

Saving object state 431

Writing a serialized object to a file 432

Java input and output streams (connections and chains) 433

Object serialization 434

Implementing the Serializable interface 437

Using transient variables 439

Deserializing an object 441

Writing to a text file 447

java.io.File 452

Reading from a text file 454

Splitting a String into tokens with split() 458

CodeKitchen 462

Exercises and puzzles 466

serialized

deserialized
Any questio

ns?
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15 Make a Connection
Connect with the outside world. It’seasy.Allthelow-levelnetworking

detailsaretakencareofbyclassesinthejava.netlibrary.OneofJava’sbestfeaturesis

thatsendingandreceivingdataoveranetworkisreallyjustI/Owithaslightlydifferent

connectionstreamattheendofthechain.Inthischapterwe’llmakeclientsockets.We’ll

makeserversockets.We’llmakeclientsandservers.Beforethechapter’sdone,you’llhavea

fully-functional,multithreadedchatclient.Didwejustsaymultithreaded?Socket connection to port 5000 on the server at 196.164.1.103

Socket conne
ction 

back to the 
client 

at 196.164.1.100, 

port 4242

ServerClient

Chat program overview 473

Connecting, sending, and receiving 474

Network sockets 475

TCP ports 476

Reading data from a socket (using BufferedReader) 478

Writing data to a socket (using PrintWriter) 479

Writing the Daily Advice Client program 480

Writing a simple server 483

Daily Advice Server code 484

Writing a chat client 486

Multiple call stacks 490

Launching a new thread (make it, start it) 492

The Runnable interface (the thread’s job) 494

Three states of  a new Thread object (new, runnable, running) 495

The runnable-running loop 496

Thread scheduler (it’s his decision, not yours) 497

Putting a thread to sleep 501

Making and starting two threads 503

Concurrency issues: can this couple be saved? 505

The Ryan and Monica concurrency problem, in code 506

Locking to make things atomic 510

Every object has a lock 511

The dreaded “Lost Update” problem 512

Synchronized methods (using a lock) 514

Deadlock! 516

Multithreaded ChatClient code 518

Ready-bake SimpleChatServer 520

Exercises and puzzles 524
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17 Release Your Code
It’s time to let go. Youwroteyourcode.Youtestedyourcode.Yourefinedyourcode.

Youtoldeveryoneyouknowthatifyouneversawalineofcodeagain,that’dbefine.Butin

theend,you’vecreatedaworkofart.Thethingactuallyruns!Butnowwhat?Inthesefinal

twochapters,we’llexplorehowtoorganize,package,anddeployyourJavacode.We’lllook

atlocal,semi-local,andremotedeploymentoptionsincludingexecutablejars,JavaWeb

Start,RMI,andServlets.Relax.SomeofthecoolestthingsinJavaareeasierthanyouthink.

MyApp.jar

classes

com

foo
101101 
10 110 1 
0 11 0 
001 10 
001 01 

MyApp.class

JWS
Web Server
Lorper 
iure 
eugue 
tat vero 
conse 
euguero-

MyApp.jnlp MyApp.jar
MyApp.jar

Deployment options 582

Keep your source code and class fi les separate 584

Making an executable JAR (Java ARchives) 585

Running an executable JAR 586

Put your classes in a package! 587

Packages must have a matching directory structure 589

Compiling and running with packages 590

Compiling with -d 591

Making an executable JAR (with packages) 592

Java Web Start (JWS) for deployment from the web 597

How to make and deploy a JWS application 600

Exercises and puzzles 601

16 Data Structures
Sorting is a snap in Java. Youhaveallthetoolsforcollectingandmanipulating

yourdatawithouthavingtowriteyourownsortalgorithmsTheJavaCollections

Frameworkhasadatastructurethatshouldworkforvirtuallyanythingyou’lleverneed

todo.Wanttokeepalistthatyoucaneasilykeepaddingto?Wanttofindsomethingby

name?Wanttocreatealistthatautomaticallytakesoutalltheduplicates?Sortyourco-

workersbythenumberoftimesthey’vestabbedyouintheback?

Collections 533

Sorting an ArrayList with Collections.sort() 534

Generics and type-safety 540

Sorting things that implement the Comparable interface 547

Sorting things with a custom Comparator 552

The collection API—lists, sets, and maps 557

Avoiding duplicates with HashSet 559

Overriding hashCode() and equals() 560

HashMap 567

Using wildcards for polymorphism 574

Exercises and puzzles 576

0       1         2      3List

Set

Map “Ball”     “Fish”     “Car”“Ball1”   “Ball2”   “Fish”   “Car”
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18 Distributed Computing
Being remote doesn’t have to be a bad thing. Sure,thingsareeasier

whenallthepartsofyourapplicationareinoneplace,inoneheap,withoneJVMtorule

themall.Butthat’snotalwayspossible.Ordesirable.Whatifyourapplicationhandles

powerfulcomputations?Whatifyourappneedsdatafromasecuredatabase?Inthis

chapter,we’lllearntouseJava’samazinglysimpleRemoteMethodInvocation(RMI).We’ll

alsotakeaquickpeekatServlets,EnterpriseJavaBeans(EJB),andJini.

Java Remote Method Invocation (RMI), hands-on, very detailed 614

Servlets (a quick look) 625

Enterprise JavaBeans (EJB), a very quick look 631

Jini, the best trick of  all 632

Building the really cool universal service browser 636

The End 648

ServerClient

Service object 
Client object 

Client helper Service helper

RMI STUB RMI SKELETON

B Appendix B

The Top Ten Things that didn’t make it into the book. Wecan’tsend

yououtintotheworldjustyet. Wehaveafewmorethingsforyou,butthisistheendofthe

book.Andthistimewereallymeanit.

Top Ten List 660

A Appendix A
The final Code Kitchen project. Allthecodeforthefullclient-serverchat

beatbox.Yourchancetobearockstar.

Andy:groove#2

Chris:groove2revised

Nigel:dancebeat

dancebeat

BeatBoxFinal (client code) 650

MusicServer (server code) 657

i Index  677


