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To the Reader

In late 1995, the Java programming language burst onto the Internet scene and gained
instant celebrity status. The promise of Java technology was that it would become the
universal glue that connects users with information, whether that information comes
from web servers, databases, information providers, or any other imaginable source.
Indeed, Java is in a unique position to fulfill this promise. It is an extremely solidly engi-
neered language that has gained acceptance by all major vendors, except for Microsoft.
Its built-in security and safety features are reassuring both to programmers and to the
users of Java programs. Java even has built-in support that makes advanced program-
ming tasks, such as network programming, database connectivity, and multithreading,
straightforward.

Java T VAR SUFn T SLE A B R T8 AR .

L tylavat Helavait 3, CHCHF —HE THAZBETO—F, KBGO
#lavaiEE .

7~ X & Javalll & 4§ MJavai® E #|Java EE (J2EE ) $Fi M e — AN FF R Ak & .
ABFrhbi ey BT L RBEERA P, HAAXEZEZEAWebIES B . HIE
B, BERME, EREMAMER,” A Lihlava, Javadt RAE— A F
FIIRF MR %%, CORBA, EAI, SOASH L ENEX—REGEMFE, #
HJavat.3fCORBA. EAIl. SOA¥RMF LT 13, 22 Javadt RAR— 1 #
CORBA. EAI, SOAiX 3% #184 Mk 5%,

B K, Lt JavaiEE B2 7 Uavadk b4k & 69 2 sk

%4>, Java© i 2| MicrosoftZ SN FT A - FE9IAT, Rit, A & b, @b



Java #Z 0K GEERRD

@ ¥ HFritJava, FIEFTIERA T, B OU T 488 69302 Ak & Java e AL,
4o

ERAREZ T Javagd ISR EHM . MB Rz, HIEEERE, 842,

Since 1995, Sun Microsystems has released seven major revisions of the Java Develop-
tion, security, and XML processing.

% —F 5 3] Javafe 5>

ment Kit. Over the course of the last eleven years, the Application Programming Inter-
B Tlavaty Fral iAo € 6 thid 2, Javat) EAr4E 0 IERCLZ L RE| T2k

face (API) has grown from about 200 to over 3,000 classes. The API now spans such

diverse areas as user interface construction, database management, internationaliza-
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The book you have in your hands is the first volume of the eighth edition of Core Java™.
With the publishing of each edition, the book followed the release of the Java Development
Kit as quickly as possible, and each time, we rewrote the book to take advantage of the

newest Java features. This edition has been updated to reflect the features of Java Standard

As with the previous editions of this book, we still target serious programmers who want to put
Java to work on real projects. We think of you, our reader, as a programmer with a solid back-

ground in a programming language other than Java, and we assume that you don’t like books
filled with toy examples (such as toasters, zoo animals, or “nervous text”). You won't find any
library, not to give you an illusion of understanding.

of these in this book. Our goal is to enable you to fully understand the Java language and

In this book you will find lots of sample code that demonstrates almost every language
Reflection and proxies

and library feature that we discuss. We keep the sample programs purposefully simple
corners. They should make good starting points for your own code.
The event listener model

to focus on the major points, but, for the most part, they aren’t fake and they don’t cut
Object-oriented programming

Java puts at your disposal. For example, we give you a detailed treatment of:
Interfaces and inner classes
Exception handling

We assume you are willing, even eager, to learn about all the advanced features that

Generic programming

Graphical user interface design with the Swing UI toolkit
The collections framework
Concurrency

WP 04T FIJava2 FiE T FRELEMY—LRNE: BEONERFER
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With the explosive growth of the Java class library, a one-volume treatment of all the
features of Java that serious programmers need to know is no longer possible. Hence,
we decided to break up the book into two volumes. The first volume, which you hold in
your hands, concentrates on the fundamental concepts of the Java language, along with
the basics of user-interface programming. The second volume, Core Java™, Volume 11—
Advanced Features (forthcoming, ISBN: 978-0-13-235479-0), goes further into the enterprise
features and advanced user-interface programming. It includes detailed discussions of:
¢ Files and streams

¢ Distributed objects

* Databases

¢ Advanced GUI components

* Native methods

® XML processing

e Network programming

* Advanced graphics

¢ Internationalization

* JavaBeans

¢ Annotations

LELFTEGAZRFE A FPEFTESHLFAG, TE L, LE2ES LG w
N BNEFEFITE—BENEBRE—FFT. HIBE XMLAE, MLspz.

JavaBeans,

In this edition, we reshuffled the contents of the two volumes. In particular, multi-
threading is now covered in Volume I because it has become so important, with Moore’s
law coming to an end.

When writing a book, errors and inaccuracies are inevitable. We’d very much like to
know about them. But, of course, we’d prefer to learn about each of them only once.
We have put up a list of frequently asked questions, bugs fixes, and workarounds in a
web page at http://horstmann. com/corejava. Strategically placed at the end of the errata page

(to encourage you to read through it first) is a form you can use to report bugs and sug-
gest improvements. Please don’t be disappointed if we don’t answer every query or if
we don’t get back to you immediately. We do read all e-mail and appreciate your input
to make future editions of this book clearer and more informative.

A Tour of This Book

Chapter 1 gives an overview of the capabilities of Java that set it apart from other
programming languages. We explain what the designers of the language set out to
do and to what extent they succeeded. Then, we give a short history of how Java
came into being and how it has evolved.
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In Chapter 2, we tell you how to download and install the JDK and the program exam-
ples for this book. Then we guide you through compiling and running three typical Java
programs, a console application, a graphical application, and an applet, using the plain
JDK, a Java-enabled text editor, and a Java IDE.

Chapter 3 starts the discussion of the Java language. In this chapter, we cover the basics:
variables, loops, and simple functions. If you are a C or C++ programmer, this is smooth
sailing because the syntax for these language features is essentially the same as in C. If
you come from a non-C background such as Visual Basic, you will want to read this
chapter carefully.

Object-oriented programming (OOP) is now in the mainstream of programming prac-
tice, and Java is completely object oriented. Chapter 4 introduces encapsulation, the first
of two fundamental building blocks of object orientation, and the Java language mecha-
nism to implement it, that is, classes and methods. In addition to the rules of the Java
language, we also give advice on sound OOP design. Finally, we cover the marvelous
javadoc tool that formats your code comments as a set of hyperlinked web pages. If you
are familiar with C++, then you can browse through this chapter quickly. Programmers
coming from a non-object-oriented background should expect to spend some time mas-
tering OOP concepts before going further with Java.

Classes and encapsulation are only one part of the OOP story, and Chapter 5 introduces
the other, namely, inheritance. Inheritance lets you take an existing class and modify it
according to your needs. This is a fundamental technique for programming in Java. The
inheritance mechanism in Java is quite similar to that in C++. Once again, C++ pro-
grammers can focus on the differences between the languages.

Chapter 6 shows you how to use Java’s notion of an interface. Interfaces let you go
beyond the simple inheritance model of Chapter 5. Mastering interfaces allows you to
have full access to the power of Java’s completely object-oriented approach to program-
ming. We also cover a useful technical feature of Java called inner classes. Inner classes
help make your code cleaner and more concise.

ERFONERR, 2MEA A Interface () R 2K —FHILEX,
& Rinterface m 2 B T EI % 4K A 044 Bim I A, 122 30 EFRe94E A &
., Interfacels % AR £ LR RMHIER ., #xtTCHF %4252 KL, Interfacedy
FINTAH A Javaid T R ELM —/M147, ERInterface®d 51N, Hlavalk higidd
Bl LI E ML RARRM T Xa ey ek, 2KER @G R CBA,
Interface V] LA BN T @M HE, b, ABLEFOFLRBE,
Chapter 7 discusses exception handling, Java’s robust mechanism to deal with the fact
that bad things can happen to good programs. Exceptions give you an efficient way of
separating the normal processing code from the error handling. Of course, even after
hardening your program by handling all exceptional conditions, it still might fail to

work as expected. In the second half of this chapter, we give you a large number of use-
ful debugging tips. Finally, we guide you through a sample debugging session.
Chapter 8 gives an overview of generic programming, a major advance of Java SE 5.0.

Generic programming makes your programs easier to read and safer. We show you how
you can use strong typing and remove unsightly and unsafe casts, and how you can
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deal with the complexities that arise from the need to stay compatible with older ver-
sions of Java.

The topic of Chapter 9 is the collections framework of the Java platform. Whenever you
want to collect multiple objects and retrieve them later, you will want to use a collection
that is best suited for your circumstances, instead of just tossing the elements into an
array. This chapter shows you how to take advantage of the standard collections that are
prebuilt for your use.

Chapter 10 finishes the book, with a discussion on multithreading, which enables you to
program tasks to be done in parallel. (A thread is a flow of control within a program.)
We show you how to set up threads and how to deal with thread synchronization. Mul-
tithreading has changed a great deal in Java SE 5.0, and we tell you all about the new
mechanisms.

Java#y Windows B 7 - @ 4 221k Kk — B ab B A T3 L F R, L LR AT
IR E B T X TR, JavatySwing, AWTH BHR GE/THEK, &ARXR
%, B S MR A T B, AP EclipsetISWTHE A5, Javatd BH R &%
AT HRAF AR E, H—F @, &Klavad i€ 4 2R TEHR G Applet, 12
AJavaR R T RIS BG4, MARX T BHBREG,

3 Flavad 5 F kL, wRAERZE AR A EZ3 A FSwing, AWTH BHR &
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BRETFEER, TrA% I Eclipse®ISWT, %K, —A T EMJavad Jids ¥,
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JavaBl B o AKX AR, FREFT~10%, HNFEHFTRHITTHALGAE,
Mt A H LT Tlavatz B E . E&% JJavaBHF 0 HA2 6k 4 TOE £ AL
¥ Pk Javati O 5 5 0 AR EAE

Conventions
As is common in many computer books, we use monospace type to represent computer code.

@ NOTE: Notes are tagged with “note” icons that look like this.

TIP: Tips are tagged with the “tip” icon that look like this.

|

@ CAUTION: When there is danger ahead, we warn you with a “caution” icon.
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7 C++ NOTE: There are many C++ notes that explain the difference between Java and C++.
| You can skip over them if you don’t have a background in C++ or if you consider your experi-
ence with that language a bad dream of which you'd rather not be reminded.

Eﬂ Application Programming Interface

Java comes with a large programming library or Application Programming Interface
(API). When using an API call for the first time, we add a short summary description
tagged with an APl icon at the end of the section. These descriptions are a bit more
informal but, we hope, also a little more informative than those in the official on-line
API documentation. We now tag each API note with the version number in which the
feature was introduced, to help the readers who don’t use the “bleeding edge” version
of Java.

Programs whose source code is on the Web are listed as examples, for instance

Listing 1-1 QTN EE

Sample Code

The web site for this book at http://horstmann.com/corejava contains all sample code from
the book, in compressed form. You can expand the file either with one of the familiar
unzipping programs or simply with the jar utility that is part of the Java Development
Kit. See Chapter 2 for more information about installing the Java Development Kit
and the sample code.



Writing a book is always a monumental effort, and rewriting doesn’t seem to be much
easier, especially with continuous change in Java technology. Making a book a reality
takes many dedicated people, and it is my great pleasure to acknowledge the contri-
butions of the entire Core Java team. ’

A large number of individuals at Prentice Hall and Sun Microsystems Press provided valu-
able assistance, but they managed to stay behind the scenes. Id like them all to know how
much I appreciate their efforts. As always, my warm thanks go to my editor, Greg Doench
of Prentice Hall, for steering the book through the writing and production process, and for
allowing me to be blissfully unaware of the existence of all those folks behind the scenes. I
am grateful to Vanessa Moore for the excellent production support. My thanks also to my
coauthor of earlier editions, Gary Cornell, who has since moved on to other ventures.

Thanks to the many readers of earlier editions who reported embarrassing errors and
made lots of thoughtful suggestions for improvement. I am particularly grateful to the
excellent reviewing team that went over the manuscript with an amazing eye for detail
and saved me from many more embarrassing errors.

Reviewers of this and earlier editions include Chuck Allison (Contributing Editor, C/C++
Users Journal), Alec Beaton (PointBase, Inc.), Cliff Berg (iSavvix Corporation), Joshua Bloch
(Sun Microsystems), David Brown, Corky Cartwright, Frank Cohen (PushToTest), Chris
Crane (devXsolution), Dr. Nicholas J. De Lillo (Manhattan College), Rakesh Dhoopar (Ora-
cle), David Geary (Sabreware), Brian Goetz (Principal Consultant, Quiotix Corp.), Angela
Gordon (Sun Microsystems), Dan Gordon (Sun Microsystems), Rob Gordon, John Gray
(University of Hartford), Cameron Gregory (olabs.com), Marty Hall (The Johns Hopkins
University Applied Physics Lab), Vincent Hardy (Sun Microsystems), Dan Harkey (San Jose
State University), William Higgins (IBM), Vladimir Ivanovic (PointBase), Jerry Jackson
(ChannelPoint Software), Tim Kimmet (Preview Systems), Chris Laffra, Charlie Lai (Sun
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Microsystems), Angelika Langer, Doug Langston, Hang Lau (McGill University), Mark
Lawrence, Doug Lea (SUNY Oswego), Gregory Longshore, Bob Lynch (Lynch Associates),
Philip Milne (consultant), Mark Morrissey (The Oregon Graduate Institute), Mahesh
Neelakanta (Florida Atlantic University), Hao Pham, Paul Philion, Blake Ragsdell, Stuart
Reges (University of Arizona), Rich Rosen (Interactive Data Corporation), Peter Sanders
(ESSI University, Nice, France), Dr. Paul Sanghera (San Jose State University and Brooks
College), Paul Sevinc (Teamup AG), Devang Shah (Sun Microsystems), Bradley A. Smith,
Steven Stelting (Sun Microsystems), Christopher Taylor, Luke Taylor (Valtech), George
Thiruvathukal, Kim Topley (author of Core JFC), Janet Traub, Paul Tyma (consultant), Peter
van der Linden (Sun Microsystems), and Burt Walsh.

Cay Horstmann
San Francisco, 2007



Chapter 1

................................................................................................................... XIX

Acknowledgements ............................................................................................ XXV

An Introduction to Java CEitHEIEFE254) oo 1

Java As a Programming Platform 2
The Java “White Paper” Buzzwords

Slmple ................................................................................................... 3

Object Oriented ..................................................................................... 4

Network-Savvy ..................................................................................... 5

Robust ................................................................................................... 5

Secure .................................................................................................... 6

Architecture Neutral ............................................................................. ‘7

Portable ................................................................................................. 8

Interpreted ............................................................................................. 9

ngh Perforrnance ................................................................................. 9

Multithreaded ...................................................................................... T O

Dynamic .............................................................................................. 1 0

Java Applets and the Intemet ...................................................................... 11



