ELEMENTS OF THE
THEORY OF
COMPUTATION

Second Edition

Harry R. Lewis

Gordon McKay Professor of Computer Science
Harvard University

and Dean of Harvard College

Cambridge, Massachusetts

Christos H. Papadimitriou

C. Lester Hogan Professor of Electrical Engineering
and Computer Science

University of California

Berkeley, California

PRENTICE-HALL, Upper Saddle River, New Jersey 07458



Library of Congress Cataloging-in-Publication Data

Lewis, Harry R.

Elements of the theory of computation / Harry R. Lewis and

Christos H. Papadimitrion. — 2nd ed.
p. cm.

Includes bibliological references and index.

ISBN: 0-13-262478-8

1. Machine theory. 2. Formal languages. 3. Computational
complexity. 4. Logic, Symbolic and mathematical.
L Papadimitriou, Christos H.  II. Title.
QA267.1L49 1998
511.3—dc21 97-13879

CIP

Publisher: Alan Apt

Development Editor: Sondra Chavez

Editorial/Production Supervision: Barbara Kraemer

Managing Editor: Bayani Mendoza DeLeon

Editor-in-Chief: Marcia Horton

Assistant Vice President of Production and Manufacturing: David W. Riccardi
Art Director: Jayne Conte

Manufacturing Manager: Trudy Pisciotti

Manufacturing Buyer: Donna Sullivan

Editorial Assistant: Toni Holm

©1998 by Prentice-Hall, Inc.
Simon & Schuster / A Viacom Company
Upper Saddle River, New Jersey 07458

All rights reserved. No part of this book may be
reproduced, in any form or by any means,
without permission in writing from the publisher.

The author and publisher of this book have used their best efforts in preparing this book. These efforts
include the development, research, and testing of the theories and programs to determine their effectiveness.
The author and publisher make no warranty of any kind, expressed or implied, with regard to these programs
or the documentation contained in this book. The author and publisher shall not be liable in any event for
incidental or consequential damages in connection with, or arising out of, the furnishing, performance, or
use of these programs.

Printed in the United States of America

10 987 65432

ISBN 0-13-2b2u478-8

Prentice-Hall International (UK) Limited, London
Prentice-Hall of Australia Pty. Limited, Sydney
Prentice-Hall Canada Inc., Toronto

Prentice-Hall Hispanoamericana, S.A., Mexico
Prentice-Hall of India Private Limited, New Delhi
Prentice-Hall of Japan, Inc., Tokyo

Simon & Schuster Asia Pte. Ltd., Singapore

Editora Prentice-Hall do Brasil, Lida., Rio de Janeiro



Contents

Preface to the First Edition
Preface to the Second Edition

Introduction

1 Sets, Relations, and Languages

1.1 Sets 5

1.2 Relations and functions 9

1.3 Special types of binary relations 13

1.4 Finite and infinite sets 20

1.5 Three fundamental proof techniques 23
1.6 Closures and algorithms 30

1.7 Alphabets and languages 42

1.8 Finite representations of languages 47
References 52

2 Finite Automata

2.1 Deterministic finite automata 55

2.2 Nondeterministic finite automata 63

2.3 Finite automata and regular expressions 75
2.4 Languages that are and are not regular 86

2.5 State minimization 92

2.6 Algorithmic aspects of finite automata 102
References 110

3 Context-free Languages

3.1 Context-free grammars 113

3.2 Parse trees 122

3.3 Pushdown automata 130

3.4 Pushdown automata and context-free grammars 136
3.5 Languages that are and are not context-free 143

3.6 Algorithms for context-free grammars 150

vii

ix

55

113



3.7 Determinism and parsing 158
References 175

4 Turing machines 179
4.1 The definition of a Turing machine 179
4.2 Computing with Turing machines 194
4.3 Extensions of Turing machines 200
4.4 Random access Turing machines 210
4.5 Nondeterministic Turing machines 221
4.6 Grammars 227
4.7 Numerical functions 233
References 243

5 Undecidability 245

5.1 The Church-Turing thesis 245

5.2 Universal Turing machines 247

5.3 The halting problem 251

5.4 Unsolvable problems about Turing machines 254
5.5 Unsolvable problems about grammars 258

5.6 An unsolvable tiling problem 262

5.7 Properties of recursive languages 267

References 272

6 Computational Complexity 275

6.1 The class P 275

6.2 Problems, problems... 278
6.3 Boolean satisfiability 288
6.4 The class NP 292
References 299

7 NP-completeness 301

7.1 Polynomial-time reductions 301
7.2 Cook’s Theorem 309

7.3 More N'P-complete problems 317
7.4 Coping with N"P-completeness 333
References 350

Index 353



	p0001
	p0002
	p0005
	p0006

