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Automata Theory with Modern Applications
Recent applications to biomolecular science and DNA computing have created a new
audience for automata theory and formal languages. This is the only introductory book
to cover such applications. It begins with a clear and readily understood exposition of
the basic principles, that assumes only a background in discrete mathematics. The first
five chapters give a gentle but rigorous coverage of regular languages and Kleene’s
Theorem, minimal automata and syntactic monoids, Turing machines and decidability,
and explain the relationship between context-free languages and pushdown automata.
They include topics not found in other texts at this level, including codes, retracts, and
semiretracts. The many examples and exercises help to develop the reader’s insight.
Chapter 6 introduces combinatorics on words and then uses it to describe a visually
inspired approach to languages that is a fresh but accessible area of current research.
The final chapter explains recently-developed language theory coming from
developments in bioscience and DNA computing.
With over 350 exercises (for which solutions are available), plenty of examples and
illustrations, this text will be welcomed by students as a contemporary introduction to
this core subject; others, new to the field, will appreciate this account for self-learning.

© in this web service Cambridge University Press

www.cambridge.org

Cambridge University Press
978-0-521-61324-8 — Automata Theory with Modern Applications
James A. Anderson
Frontmatter
More Information

Automata Theory
with Modern Applications
With contributions by Tom Head

JAMES A. ANDERSON
University of South Carolina Upstate

© in this web service Cambridge University Press

www.cambridge.org

Cambridge University Press
978-0-521-61324-8 — Automata Theory with Modern Applications
James A. Anderson
Frontmatter
More Information

University Printing House, Cambridge CB2 8BS, United Kingdom
One Liberty Plaza, 20th Floor, New York, NY 10006, USA
477 Williamstown Road, Port Melbourne, VIC 3207, Australia
314-321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi - 110025, India
79 Anson Road, #06-04/06, Singapore 079906
Cambridge University Press is part of the University of Cambridge.
It furthers the University’s mission by disseminating knowledge in the pursuit of
education, learning and research at the highest international levels of excellence.
www.cambridge.org
Information on this title: www.cambridge.org/9780521613248
© Cambridge University Press 2006
This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.
First published 2006
A catalogue record for this publication is available from the British Library
ISBN 978-0-521-84887-9 Hardback
ISBN 978-0-521-61324-8 Paperback
Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party internet websites referred to in
this publication, and does not guarantee that any content on such websites is,
or will remain, accurate or appropriate.

© in this web service Cambridge University Press

www.cambridge.org

Cambridge University Press
978-0-521-61324-8 — Automata Theory with Modern Applications
James A. Anderson
Frontmatter
More Information

Contents

page vii

Preface
1
1.1
1.2
1.3
1.4

Introduction
Sets
Relations
Functions
Semigroups

1
1
6
12
16

2
2.1
2.2
2.3

Languages and codes
Regular languages
Retracts (Optional)
Semiretracts and lattices (Optional)

23
23
29
34

3
3.1
3.2
3.3
3.4
3.5
3.6
3.7

Automata
Deterministic and nondeterministic automata
Kleene’s Theorem
Minimal deterministic automata and syntactic monoids
Pumping Lemma for regular languages
Decidability
Pushdown automata
Mealy and Moore machines

37
37
52
72
84
86
89
99

4
4.1
4.2
4.3
4.4

Grammars
Formal grammars
Chomsky normal form and Greibach normal form
Pushdown automata and context-free languages
The Pumping Lemma and decidability

114
114
138
149
162

5
5.1

Turing machines
Deterministic Turing machines

169
169
v

© in this web service Cambridge University Press

www.cambridge.org

Cambridge University Press
978-0-521-61324-8 — Automata Theory with Modern Applications
James A. Anderson
Frontmatter
More Information

vi

5.2

Contents

5.3
5.4

Nondeterministic Turing machines and acceptance of
context-free languages
The halting problem for Turing machines
Undecidability problems for context-free languages

190
194
200

6
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10

A visual approach to formal languages
Introduction
A minimal taste of word combinatorics
The spectrum of a word with respect to a language
The spectral partition of  + and the support of L
Visualizing languages
The sketch parameters of a language
Flag languages
Additional tools from word combinatorics
Counting primitive words in a regular language
Algorithmic sketching of regular languages

210
210
212
214
216
217
221
223
224
225
227

7
7.1
7.2

From biopolymers to formal language theory
Introduction
Constructing new words by splicing together
pairs of existing words
The motivation from molecular biology
Splicing rules, schemes, systems, and languages
Every splicing language is a regular language
The syntactic monoid of a regular language L allows
an effective determination of the set of all splicing
rules that respect L
It is algorithmically decidable whether a given regular
language is a reflexive splicing language

231
231

Appendix A

Cardinality

245

Appendix B

Co-compactness Lemma

247

7.3
7.4
7.5
7.6

7.7

References
Further reading
Index

© in this web service Cambridge University Press

232
233
236
239

241
242

249
251
253

www.cambridge.org

Cambridge University Press
978-0-521-61324-8 — Automata Theory with Modern Applications
James A. Anderson
Frontmatter
More Information

Preface

This book serves two purposes, the first is as a text and the second is for
someone wishing to explore topics not found in other automata theory texts.
It was originally written as a text book for anyone seeking to learn the basic
theories of automata, languages, and Turing machines. In the first five chapters,
the book presents the necessary basic material for the study of these theories.
Examples of topics included are: regular languages and Kleene’s Theorem;
minimal automata and syntactic monoids; the relationship between context-free
languages and pushdown automata; and Turing machines and decidability. The
exposition is gentle but rigorous, with many examples and exercises (teachers
using the book with their course may obtain a copy of the solution manual by
sending an email to solutions@cambridge.org). It includes topics not found in
other texts such as codes, retracts, and semiretracts.
Thanks primarily to Tom Head, the book has been expanded so that it should
be of interest to people in mathematics, computer science, biology, and possibly
other areas. Thus, the second purpose of the book is to provide material for
someone already familiar with the basic topics mentioned above, but seeking
to explore topics not found in other automata theory books.
The two final chapters introduce two programs of research not previously
included in beginning expositions. Chapter 6 introduces a visually inspired
approach to languages allowed by the unique representation of each word as a
power of a primitive word. The required elements of the theory of combinatorics
on words are included in the exposition of this chapter. This is an entirely fresh
area of research problems that are accessible on the completion of Chapter 6.
Chapter 7 introduces recently developed language theory that has been inspired
by developments in the biomolecular sciences and DNA computing. Both of
these final chapters are kept within automata theory through their concentration
on results in regular languages. Research in progress has begun to extend these
concepts to broader classes of languages. There are now specialized books on
vii
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Preface

DNA-computing – and in fact a rapidly growing Springer-Verlag Series on
‘Natural Computing’ is in progress. This book is the first one to link (introductory) automata theory into this thriving new area.
Readers with a strong background will probably already be familiar with
the material in Chapter 1. Those seeking to learn the basic theory of automata,
languages, and Turing machines will probably want to read the chapters in order.
The sections on retracts and semiretracts, while providing interesting examples
of regular languages, are not necessary for reading the remainder of the book.
A person already familiar with the basics of automata, languages, and Turing
machines, will probably go directly to Chapters 6 and 7 and possibly the sections
on retracts and semiretracts.
I thank Tom Head for the work he has done on this book including his
contributions of Chapters 6 and 7 as well as other topics. I also thank Brett
Bernstein for his excellent proofreading of an early version of the book and
Kristin and Phil Muzik for creating the figures for the book. Finally I would
like to thank Ken Blake and David Tranah at Cambridge University Press for
their help and support.
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