T
|

1& [
=
2
g
g
s

Alfred V. Aho Monica S. Lam
Ravi Sethi  Jeffrey D. Ullman

=

(S - SKE)

Mot T b M ORR 4t

China Machine Press

| PEARSON

® 00006

% 1 )5t B

=

Compilers

Principles, Techniques, & Tools

Alfred V. Aho
Monica S. LLam
Ravi Sethi

Jeffrey D. Ullman



( ZE3ChR - 552hR )

Alfred V. Aho Monica S. Lam
Ravi Sethi  Jeffrey D. Uliman

orraputters

Principles, Techniques, and Tools (second Edition)

ML T b AR #

China Machine Press




English reprint edition copyright © 2011 by Pearson Education Asia Limited and

China Machine Press.

Original English language titte: Compilers: Principles, Techniques, and Tools,
Second Edition (ISBN 978-0-321-48681-3) by Alfred V. Aho, Monica S. Lam, Ravi Sethi
and Jeffrey D. Ullman, Copyright © 2007.

All rights reserved.

Published by arrangement with the original publisher, Pearson Education, Inc.,
publishing as Addison-Wesley.

For sale and distribution in'the People’s Republic of China exclusively (except
Taiwan, Hong Kong SAR and Macau SAR).

# 45 % S B2 ENRA By Pearson Education Asia Ltd. #AUHLEE T lk RIS IR, %
BHIEZBEFT, THUEAHTREHRDREBNE.

RTF AR EARKAMEEN (FREFEEE. RIHINTRERSEE B
X) #HEELT.

%45 Hillk A Pearson Education (3B HAREH) BEPithbnE, THmEE
I EHE.

HET RN ER

s, BReR

FHixEEE R TRERITESH

ZHENEICS. EF: 01-2010-7271
BEEESE (CIP) HiE
BBEE (EUR - B2UR) / (%) WE (Aho, A V.) HF. —db3l: I
WE3E, 2011.1
(ZBHFIRA5HE)
454 F3C: Compilers: Principles, Techniques, and Tools, Second Edition
ISBN 978-7-111-32674-8
Ly ILF- L &3i38k—8Figt-%x IV. TP314
op [ R A FE 45 T CIPRUR B F (2010) . §234427%
L Tolk AR (bR HERE A ERH2RE i BRg  100037)
FHiEmsE: BiRE
bR R EN & A R 2 FENRI
20114E1HEE 1 AR 1 dkENRI
150mm x 214mm - 32.375 E3k
452, ISBN 978-7-111-32674-8
Efr: 78.007T

FLEgAS, AT, #E. BRI, dBREETHRiER
ZRRLE. (010) 88378991; 88361066

W5k, (010) 68326294, 88379649, 68995259
HRahek. (010) 88379604

iEE{E5: hzjsi@hzbook.com



wm%mﬁ

mwg

LA R R A

XEEURE, B KORERMNES EREARE, £f
FEREAARPEZHNENCRRE TEMENRY, LERXHNE
g, FEEEREREARRATEZERNAREN. BONE. EL
RS, XENT LR SEFTREREEFRES, HREIERS
R 3 UL RN S AL B BE R B AV B AT 2R, LT ™ 2RO MR
FE, AUBRTHANTESE, 2B~ TEARANEE, BABEEAR
i, XARFEEME, KNEFTRRE ANEAmRE.

HE, ELRERMLXENEDT, RENHEISLRRIE,
EWAARITREREY], XA RELEETRALRFEERIE,
Rk, MELBHMOBRRERFEE LEAXERE, ARERER
HA R R FABEHIRT, XEFREERELTAEIFZERRNIL
THEEREMEBRHESRBEM AT SEREE 2L, Bk, 5E—#
E SMESE H R ALEA S H B T EALBCE Tl i & RAL B AR A 3 e
R, 5T, BIREENHR —RAZHLHZE,

LT R A RREEIRE “HREAEFTRS™ . H
1998474k, AT LI E ABE T #k. BIFEMBEM L. B
T ERARE S, Fl15Pearson, McGraw-Hill, Elsevier, MIT,
John Wiley & Sons, Cengage# it 53 & HARA RIS T REFHIATESR
Z, NMuTIBARE G ME st P % HAndrew S. Tanenbaum, Bjarne
Stroustrup, Brain W. Kernighan, Dennis Ritchie, Jim Gray, Afred V.
Aho, John E. Hopcroft, Jeffrey D. Ullman, Abraham Silberschatz,
William Stallings, Donald E. Knuth, John L. Hennessy, Larry L.
PetersonF XA R —HBHMER, Ll “HEIFHZAE" HERDH
iR, HiZFEE. MARBE. KEOQQENHEE, BERITIEN
Fory S LG A .



v

“UWEVREAS" HHRTEESETRASNEZIROED, B
REERARE TP ENEERT, EAHFEREETHIRMER
T, WEBOES LML RELERESTENEE, ARNETRA
HEMREAERF, €4, “HENLRZEAE C2HKR TLRET&
B, XEBEEEETRTREFVDOR, HF2EBRAAERS
M EHE, KPR “2RFRBE" EAMKE DRk L X
HESUE B R .

RS . ANEH. —KNFEE, FHOHER. KAN%
#, SEREFERMVESAETRENRIE, BEHRIFESERE
WP IR MR R 2 EMEMBCENEERL, BFFXEI LA
MEE R REES AR B, RITWARERERSE, MR
BOE R ERRITEEX &M BARMEZERY ., LR RWDENN
EE BN TR USRS TIHE, RMNOBKRAGEMT:

LEFE R . www.hzbook.com

B F B4 : hzjsi@hzbook.com
BEHREIE. (010) 88379604

BEMBU. AFTEREGTEAEHHLS
BRI REG . 100037 HERFKBB BB S




Preface

In the time since the 1986 edition of this book, the world of compiler design
has changed significantly. Programming languages have evolved to present new
compilation problems. Computer architectures offer a variety of resources of
which the compiler designer must take advantage. Perhaps most interestingly,
the venerable technology of code optimization has found use outside compilers.
It is now used in tools that find bugs in software, and most importantly, find
security holes in existing code. And much of the “front-end” technology —
grammars, regular expressions, parsers, and syntax-directed translators — are
still in wide use.

Thus, our philosophy from previous versions of the book has not changed.
We recognize that few readers will build, or even maintain, a compiler for a
major programming language. Yet the models, theory, and algorithms associ-
ated with a compiler can be applied to a wide range of problems in software
design and software development. We therefore emphasize problems that are
most commonly encountered in designing a language processor, regardless of
the source language or target machine.

Use of the Book

It takes at least two quarters or even two semesters to cover all or most of the
material in this book. It is common to cover the first half in an undergraduate
course and the second half of the book — stressing code optimization — in
a second course at the graduate or mezzanine level. Here is an outline of the
chapters:

Chapter 1 contains motivational material and also presents some background
issues in computer architecture and programming-language principles.
Chapter 2 develops a miniature compiler and introduces many of the impor-
tant concepts, which are then developed in later chapters. The compiler itself
appears in the appendix.

Chapter 3 covers lexical analysis, regular expressions, finite-state machines, and
scanner-generator tools. This material is fundamental to text-processing of all
sorts.
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Chapter 4 covers the major parsing methods, top-down (recursive-descent, LL)
and bottom-up (LR and its variants).

Chapter 5 introduces the principal ideas in syntax-directed definitions and
syntax-directed translations.

Chapter 6 takes the theory of Chapter 5 and shows how to use it to generate
intermediate code for a typical programming language.

Chapter 7 covers run-time environments, especially management of the run-time
stack and garbage collection.

Chapter 8 is on object-code generation. It covers construction of basic blocks,
generation of code from expressions and basic blocks, and register-allocation
techniques.

Chapter 9 introduces the technology of code optimization, including flow graphs,
data-flow frameworks, and iterative algorithms for solving these frameworks.

Chapter 10 covers instruction-level optimization. The emphasis is on the ex-
traction of parallelism from small sequences of instructions and scheduling them
on single processors that can do more than one thing at once.

Chapter 11 talks about larger-scale parallelism detection and exploitation. Here,
the emphasis is on numeric codes that have many tight loops that range over
multidimensional arrays.

Chapter 12 is on interprocedural analysis. It covers pointer analysis, aliasing,
and data-flow analysis that takes into account the sequence of procedure calls
that reach a given point in the code.

Courses from material in this book have been taught at Columbia, Harvard,
and Stanford. At Columbia, a senior/first-year graduate course on program-
ming languages and translators has been regularly offered using material from
the first eight chapters. A highlight of this course is a semester-long project
in which students work in small teams to create and implement a little lan-
guage of their own design. The student-created languages have covered diverse
application domains including quantum computation, music synthesis, com-
puter graphics, gaming, matrix operations and many other areas. Students use
compiler-component generators such as ANTLR, Lex, and Yacc and the syniax-
directed translation techniques discussed in chapters two and five to build their
compilers. A follow-on graduate course has focused on material in Chapters 9
through 12, emphasizing code generation and optimization for contemporary
machines including network processors and multiprocessor architectures.

At Stanford, a one-quarter introductory course covers roughly the mate-
rial in Chapters 1 through 8, although there is an introduction to global code
optimization from Chapter 9. The second compiler course covers Chapters 9
through 12, plus the more advanced material on garbage collection from Chap-
ter 7. Students use a locally developed, Java-based system called Joeq for
implementing data-flow analysis algorithms.
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Prerequisites

The reader should possess some “computer-science sophistication,” including
at least a second course on programming, and courses in data structures and
discrete mathematics. Knowledge of several different programming languages
is useful.

Exercises

The book contains extensive exercises, with some for almost every section. We
indicate harder exercises or parts of exercises with an exclamation point. The
hardest exercises have a double exclamation point.

Gradiance On-Line Homeworks

A feature of the new edition is that there is an accompanying set of on-line
homeworks using a technology developed by Gradiance Corp. Instructors may
assign these homeworks to their class, or students not enrolled in a class may
enroll in an “omnibus class” that allows them to do the homeworks as a tutorial
(without an instructor-created class). Gradiance questions look like ordinary
questions, but your solutions are sampled. If you make an incorrect choice you
are given specific advice or feedback to help you correct your solution. If your
instructor permits, you are allowed to try again, until you get a perfect score.

A subscription to the Gradiance service is offered with all new copies of this
text sold in North America. For more information, visit the Addison-Wesley
web site www.aw.com/gradiance or send email to computing@aw.com.

Support on the World Wide Web

The book’s home page is
dragonbook.stanford.edu

Here, you will find errata as we learn of them, and backup materials. We hope
to make available the notes for each offering of compiler-related courses as we
teach them, including homeworks, solutions, and exams. We also plan to post
descriptions of important compilers written by their implementers.
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