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“When /1 use a word,” Humpty Dumpty said,
in rather a scornful tone, “it means just what I
choose it to mean—neither more nor less.”

“The question is,” said Alice, “whether you
can make words mean so many different things.”

“The question is,” said Humpty Dumpty,
“which is to be master—that’s all.”

—Lewis Carroll, Through the Looking Glass



Preface

THE Java™ programming language was originally called Oak, and was designed
for use in embedded consumer-electronic applications by James Gosling. After
several years of experience with the language, and significant contributions by Ed
Frank, Patrick Naughton, Jonathan Payne, and Chris Warth it was retargeted to the
Internet, renamed, and substantially revised to be the language specified here. The
final form of the language was defined by James Gosling, Bill Joy, Guy Steele,
Richard Tuck, Frank Yellin, and Arthur van Hoff, with help from Graham Hamil-
ton, Tim Lindholm, and many other friends and colleagues.

The Java programming language is a general-purpose concurrent class-based
object-oriented programming language, specifically designed to have as few
implementation dependencies as possible. It allows application developers to
write a program once and then be able to run it everywhere on the Internet.

This book attempts a complete specification of the syntax and semantics of
the language. We intend that the behavior of every language construct is specified
here, so that all implementations will accept the same programs. Except for tim-
ing dependencies or other non-ceterminisms and given sufficient time and suffi-
cient memory space, a program written in the Java programming language should
compute the same result on all machines and in all implementations.

We believe that the Java programming language is a mature language, ready
for widespread use. Nevertheless, we expect some evolution of the language in the
years to come. We intend to manage this evolution in a way that is completely
compatible with existing applications. To do this, we intend to make relatively few
new versions of the language. Compilers and systems will be able to support the
several versions simultaneously, with complete compatibility.

Much research and experimentation with the Java platform is already under-
way. We encourage this work, and will continue to cooperate with external groups
to explore improvements to the language and platform. For example, we have
already received several interesting proposals for parameterized types. In techni-
cally difficult areas, near the state of the art, this kind of research collaboration is

essential.



viii PREFACE

We acknowledge and thank the many people who have contributed to this
book through their excellent feedback, assistance and encouragement:

Particularly thorough, careful, and thoughtful reviews of drafts were provided
by Tom Cargill, Peter Deutsch, Paul Hilfinger, Masayuki Ida, David Moon, Steven
Muchnick, Charles L. Perkins, Chris Van Wyk, Steve Vinoski, Philip Wadler,
Daniel Weinreb, and Kenneth Zadeck. We are very grateful for their extraordinary
volunteer efforts.

We are also grateful for reviews, questions, comments, and suggestions from
Stephen Adams, Bowen Alpern, Glenn Ammons, Leonid Arbuzov, Kim Bruce,
Edwin Chan, David Chase, Pavel Curtis, Drew Dean, William Dietz, David Dill,
Patrick Dussud, Ed Felten, John Giannandrea, John Gilmore, Charles Gust,
Warren Harris, Lee Hasiuk, Mike Hendrickson, Mark Hill, Urs Hoelzle, Roger
Hoover, Susan Flynn Hummel, Christopher Jang, Mick Jordan, Mukesh Kacker,
Peter Kessler, James Larus, Derek Lieber, Bill McKeeman, Steve Naroff,
Evi Nemeth, Robert O’Callahan, Dave Papay, Craig Partridge, Scott Pfeffer,
Eric Raymond, Jim Roskind, Jim Russell, William Scherlis, Edith Schonberg,
Anthony Scian, Matthew Self, Janice Shepherd, Kathy Stark, Barbara Steele, Rob
Strom, William Waite, Greg Weeks, and Bob Wilson. (This list was generated
semi-automatically from our E-mail records. We apologize if we have omitted
anyone.)

The feedback from all these reviewers was invaluable to us in improving the
definition of the language as well as the form of the presentation in this book. We
thank them for their diligence. Any remaining errors in this book—we hope they
are few—are our responsibility and not theirs.

We thank Francesca Freedman and Doug Kramer for assistance with matters
of typography and layout. We thank Dan Mills of Adobe Systems Incorporated for
assistance in exploring possible choices of typefaces.

Many of our colleagues at Sun Microsystems have helped us in one way or
another. Lisa Friendly, our series editor, managed our relationship with Addison-
Wesley. Susan Stambaugh managed the distribution of many hundreds of copies
of drafts to reviewers. We received valuable assistance and technical advice from
Ben Adida, Ole Agesen, Ken Amold, Rick Cattell, Asmus Freytag, Norm Hardy,
Steve Heller, David Hough, Doug Kramer, Nancy Lee, Marianne Mueller, Akira
Tanaka, Greg Tarsy, David Ungar, Jim Waldo, Ann Wollrath, Geoff Wyant, and
Derek White. We thank Alan Baratz, David Bowen, Mike Clary, John Doerr, Jon
Kannegaard, Eric Schmidt, Bob Sproull, Bert Sutherland, and Scott McNealy for
leadership and encouragement. i

The on-line Bartleby Library of Columbia University, at URL:

< http://www.cc.columbia.edu/acis/bartleby/
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was invaluable to us during the process of researching and verifying many of the
quotations that are scattered throughout this book. Here is one example:

They lard their lean books with the fat of others’ works.
—Robert Burton (1576-1640)

We are grateful to those who have toiled on Project Bartleby, for saving us a great
deal of effort and reawakening our appreciation for the works of Walt Whitman.

We are thankful for the tools and services we had at our disposal in writing
this book: telephones, overnight delivery, desktop workstations, laser printers,
photocopiers, text formatting and page layout software, fonts, electronic mail, the
World Wide Web, and, of course, the Internet. We live in three different states,
scattered across a continent, but collaboration with each other and with our
reviewers has seemed almost effortless. Kudos to the thousands of people who
have worked over the years to make these excellent tools and services work
quickly and reliably. :

Mike Hendrickson, Katie Duffy, Simone Payment, and Rosa Aimée Gonzilez
of Addison-Wesley were very helpful, encouraging, and patient during the long
process of bringing this book to print. We also thank the copy editors.

Rosemary Simpson worked hard, on a very tight schedule, to create the index.
We got into the act at the last minute, however; blame us and not her for any jokes

you may find hidden therein.
Finally, we are grateful to our families and friends for their love and support

during this last, crazy, year.

In their book The C Programming Language, Brian Kernighan and Dennis
Ritchie said that they felt that the C language “wears well as one’s experience
with it grows.” If you like C, we think you will like the Java programming lan-
guage. We hope that it, too, wears well for you.

James Gosling
Cupertino, California

Bill Joy
Aspen, Colorado

Guy Steele
Chelmsford, Massachusetts

July, 1996



Preface to the Second Edition

... the pyramid must stand unchanged for a millennium;
the organism must evolve or perish.

— Alan Perlis, Foreword to Structure and Interpretation of Computer Programs

OVER the past few years, the Java™ programming language has enjoyed
unprecedented success. This success has brought a challenge: along with explo-
sive growth in popularity, there has been explosive growth in the demands made
on the language and its libraries. To meet this challenge, the language has grown
as well (fortunately, not explosively) and so have the libraries.

This second edition of The Java™ Language Specification reflects these devel-
opments. It integrates all the changes made to the Java programming language
since the publication of the first edition in 1996. The bulk of these changes were
made in the 1.1 release of the Java platform in 1997, and revolve around the addi-
tion of nested type declarations. Later modifications pertained to floating-point
operations. In addition, this edition incorporates important clarifications and
amendments involving method lookup and binary compatibility.

This specification defines the language as it exists today. The Java program-
ming language is likely to continue to evolve. At this writing, there are ongoing
initiatives through the Java Community Process to extend the language with
generic types and assertions, refine the memory model, etc. However, it would be
inappropriate to delay the publication of the second edition until these efforts are

concluded.
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The specifications of the libraries are now far too large to fit into this volume,
and they continue to evolve. Consequently, API specifications have been removed
from this book. The library specifications can be found on the java.sun.com
Web site (see below); this specification now concentrates solely on the Java pro-
gramming language proper.

Readers may send comments on this specification to: j1s@java. sun.com. To
learn the latest about the Java 2 platform, or to download the latest Java 2 SDK
release, visit http://java. sun.com. Updated information about the Java Series,
including errata for The Java™ Language Specification, Second Edition, and pre-
views of forthcoming books, may be found at http://java.sun.com/Series.

Many people contributed to this book, directly and indirectly. Tim Lindholm
brought extraordinary dedication to his role as technical editor. He also made
invaluable technical contributions, especially on floating-point issues. The book
would likely not see the light of day without him. Lisa Friendly, the Series editor,
provided encouragement and advice for which I am very thankful.

David Bowen first suggested that I get involved in the specifications of the
Java platform. I am grateful to him for introducing me to this uncommonly rich
area.

John Rose, the father of nested types in the Java programming language, has
been unfailingly gracious and supportive of my attempts to specify them accu-
rately.
Many people have provided valuable comments on this edition. Special
thanks go to Roly Perera at Ergnosis and to Leonid Arbouzov and his colleagues
on Sun’s Java platform conformance team in Novosibirsk: Konstantin Bobrovsky,
Natalia Golovleva, Vladimir Ivanov, Alexei Kaigorodov, Serguei Katkov, Dmitri
Khukhro, Eugene Latkin, Ilya Neverov, Pavel Ozhdikhin, Igor Pyankov,
Viatcheslav Rybalov, Serguei Samoilidi, Maxim Sokolnikov, and Vitaly Tchaiko.
Their thorough reading of earlier drafts has greatly improved the accuracy of this
specification.

I am indebted to Martin Odersky and to Andrew Bennett and the members of
Sun’s javac compiler team, past and present: Iris Garcia, Bill Maddox, David
Stoutamire, and Todd Turnidge. They all worked hard to make sure the reference
implementation conformed to the specification. For many enjoyable technical
exchanges, I thank them and my other colleagues at Sun: Lars Bak, Joshua Bloch,
Cliff Click, Robert Field, Mohammad Gharahgouzioo, Ben Gomes, Steffen
Grarup, Robert Griesemer, Graham Hamilton, Gordon Hirsch, Peter Kessler,
Sheng Liang, James Mcllree, Philip Milne, Srdjan Mitrovic, Anand Palaniswamy,
Mike Paleczny, Mark Reinhold, Kenneth Russell, Rene Schmidt, David Ungar,
Chris Vick, and Hong Zhang.
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Tricia Jordan, my manager, has been a model of patience, consideration and
understanding. Thanks are also due to Larry Abrahams, director of Java 2 Stan-

dard Edition, for supporting this work.
The following individuals all provided useful comments that have contributed

to this specification: Godmar Bak, Hans Boehm, Philippe Charles, David Chase,
Joe Darcy, Jim des Rivieres, Sophia Drossopoulou, Susan Eisenbach, Paul Haahr,
Urs Hoelzle, Bart Jacobs, Kent Johnson, Mark Lillibridge, Norbert Lindenberg,
Phillipe Mulet, Kelly O’Hair, Bill Pugh, Cameron Purdy, Anthony Scian, Janice
Shepherd, David Shields, John Spicer, Lee Worall, and David Wragg.

Suzette Pelouch provided invaluable assistance with the index and, together
with Doug Kramer and Atul Dambalkar, assisted with FrameMaker expertise;
Mike Hendrickson and Julie Dinicola at Addison-Wesley were gracious, helpful
and ultimately made this book a reality.

On a personal note, I thank my wife Weihong for her love and support.

Finally, I'd like to thank my coauthors, James Gosling, Bill Joy, and Guy Steele
for inviting me to participate in this work. It has been a pleasure and a privilege.

Gilad Bracha
Los Altos, California

April, 2000

This is the FEMALE EDITION of the Dictionary.

The MALE edition is almost identical. But NOT quite.
Be warned that ONE PARAGRAPH is crucially different.

The choice is yours.

— Milorad Pavic, Dictionary of the Khazars, Female Edition



Preface to the Third Edition

This edition of the Java™ Programming Language Specification represents the
largest set of changes in the language’s history. Generics, annotations, asserts,
autoboxing and unboxing, enum types, foreach loops, variable arity methods and
static imports have all been added to the language recently. All but asserts are new
to the 5.0 release of autumn 2004. .

This third edition of The Java™ Language Specification reflects these develop-
ments. It integrates all the changes made to the Java programming language since
the publication of the second edition in 2000.

The language has grown a great deal in these past four years. Unfortunately, it
is unrealistic to shrink a commercially successful programming language - only to
grow it more and more. The challenge of managing this growth under the con-
straints of compatibility and the conflicting demands of a wide variety of uses and
users is non-trivial. I can only hope that we have met this challenge successfully
with this specification; time will tell.

Readers may send comments on this specification to: j1s@java.sun.com. To
learn the latest about the Java platform, or to download the latest J2SE release,
visit http://java.sun.com. Updated information about the Java Series, includ-
ing errata for The Java™ Language Specification, Third Edition, and previews of
forthcoming books, may be found at http://java.sun.com/Series.

This specification builds on the efforts of many people, both at Sun Microsys-
tems and outside it.

The most crucial contribution is that of the people who actually turn the spec-
ification into real software. Chief among these are the maintainers of javac, the
reference compiler for the Java programming language.

Neal Gafter was “Mr. javac” during the crucial period in which the large
changes described here were integrated and productized. Neal’s dedication and
productivity can honestly be described as heroic. We literally could not have com-
pleted the task without him. In addition, his insight and skill made a huge contri-
bution to the design of the new language features across the board. No one
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deserves more credit for this version of the language than he - but any blame for
its deficiencies should be directed at myself and the members of the many JSR
expert groups!

Neal has gone on in search of new challenges, and has been succeeded by
Peter von der Ahé, who continues to improve and stengthen the implementation.
Before Neal’s involvement, Bill Maddox was in charge of javac when the previous
edition was completed, and he nursed features such as generics and asserts
through their early days.

Another individual who deserves to be singled out is Joshua Bloch. Josh par-
ticipated in endless language design discussions, chaired several expert groups
and was a key contributor to the Java platform. It is fair to say that Josh and Neal
care more about this book than I do myself!

Many parts of the specification were developed by various expert groups in
the framework of the Java community process.

The most pervasive set of language changes is the result of JSR-014: Adding
Generics to the Java Programming Language. The members of the JSR-014
expert group were: Norman Cohen, Christian Kemper, Martin Odersky, Kresten
Krab Thorup, Philip Wadler and myself. In the early stages, Sven-Eric Panitz and
Steve Marx were members as well. All deserve thanks for their participation.

JSR-014 represents an unprecedented effort to fundamentally extend the type
system of a widely used programming language under very stringent compatibil-
ity requirements. A prolonged and arduous process of design and implementation
led us to the current language extension. Long before the JSR for generics was
initiated, Martin Odersky and Philip Wadler had created an experimental language
called Pizza to explore the ideas involved. In the spring of 1998, David Stoutamire
and myself began a collaboration with Martin and Phil based on those ideas, that
resulted in GJ. When the JSR-014 expert group was convened, GJ was chosen as
the basis for extending the Java programming language. Martin Odersky imple-
mented the GJ compiler, and his implementation became the basis for javac (start-
ing with JDK 1.3, even though generics were disabled until 1.5).

The theoretical basis for the core of the generic type system owes a great debt
to the expertise of Martin Odersky and Phil Wadler. Later, the system was
extended with wildcards. These were based on the work of Atsushi Igarashi and
Mirko Viroli, which itself built on earlier work by Kresten Thorup and Mads Torg-
ersen. Wildcards were initially designed and implemented as part of a collabora-
tion between Sun and Aarhus University. Neal Gafter and myself participated on
Sun’s behalf, and Erik Emst and Mads Torgersen, together with Peter von der Ahé
and Christian Plesner-Hansen, represented Aarhus. Thanks to Ole Lehrmann-
Madsen for enabling and supporting that work.
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Joe Darcy and Ken Russell implemented much of the specific support for
reflection of generics. Neal Gafter, Josh Bloch and Mark Reinhold did a huge
amount of work generifying the JDK libraries.

Honorable mention must go to individuals whose comments on the generics
design made a significant difference. Alan Jeffrey made crucial contributions to
JSR-14 by pointing out subtle flaws in the original type system. Bob Deen sug-
gested the “? super T syntax for lower bounded wildcards

JSR-201 included a series of changes: autoboxing, enums, foreach loops,
variable arity methods and static import. The members of the JSR-201 expert
group were: Cédric Beust, David Biesack, Joshua Bloch (co-chair), Corky Cart-
wright, Jim des Rivieres, David Flanagan, Christian Kemper, Doug Lea, Chang-
shin Lee, Tim Peierls, Michel Trudeau and.myself (co-chair). Enums and the
foreach loop were primarily designed by Josh Bloch and Neal Gafter. Variable
arity methods would never have made it into the language without Neal’s special
efforts designing them (not to mention the small matter of implementing them).

Josh Bloch bravely took upon himself the responsibility for JSR-175, which
added annotations to the language. The members of JSR-175 expert group were
Cédric Beust, Joshua Bloch (chair), Ted Farrell, Mike French, Gregor Kiczales,
Doug Lea, Deeptendu Majunder, Simon Nash, Ted Neward, Roly Perera, Manfred
Schneider, Blake Stone and Josh Street. Neal Gafter, as usual, was a major con-
tributer on this front as well.

Another change in this edition is a complete revision of the Java memory
model, undertaken by JSR-133. The members of the JSR-133 expert group were
Hans Boehm, Doug Lea, Tim Lindholm (co-chair), Bill Pugh (co-chair), Martin
Trotter and Jerry Schwarz. The primary technical authors of the memory model
are Sarita Adve, Jeremy Manson and Bill Pugh. The Java memory model chapter
in this book is in fact almost entirely their work, with only editorial revisions.
Joseph Bowbeer, David Holmes, Victor Luchangco and Jan-Willem Maessen
made significant contributions as well. Key sections dealing with finalization in
chapter 12 owe much to this work as well, and especially to Doug Lea.

Many people have provided valuable comments on this edition.

Id like to express my gratitude to Archibald Putt, who provided insight and
encouragement. His writings are always an inspiration. Thanks once again to Joe
Darcy for introducing us, as well as for many useful comments, and his specific
contributions on numerical issues and the design of hexadecimal literals.

Many colleagues at Sun (past or present) have provided useful feedback and
discussion, and helped produce this work in myriad ways: Andrew Bennett, Mar-
tin Buchholz, Jerry Driscoll, Robert Field, Jonathan Gibbons, Graham Hamilton,
Mimi Hills, Jim Holmlund, Janet Koenig, Jeff Norton, Scott Seligman, Wei Tao

and David Ungar.
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Special thanks to Laurie Tolson, my manager, for her support throughout the
long process of deriving these specifications.

The following individuals all provided many valuable comments that have
contributed to this specification: Scott Annanian, Martin Bravenboer, Bruce Chap-
man, Laurence Gonsalves, Tim Hanson, David Holmes, Angelika Langer, Pat
Lavarre, Phillipe Mulet and Cal Varnson.

Ann Sellers, Greg Doench and John Fuller at Addison-Wesley were exceed-
ingly patient and ensured that the book materialized, despite the many missed

deadlines for this text.
As always, I thank my wife Weihong and my son Teva for their support and

cooperation.

Gilad Bracha
Los Altos, California

January, 2005



