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Preface

Goals of this book
This is a textbook for a second course on formal languages and automata theory.

Many undergraduates in computer science take a course entitled “Introduc-
tion to Theory of Computing,” in which they learn the basics of finite automata,
pushdown automata, context-free grammars, and Turing machines. However,
few students pursue advanced topics in these areas, in part because there is no
really satisfactory textbook.

For almost 20 years I have been teaching such a second course for fourth-
year undergraduate majors and graduate students in computer science at the
University of Waterloo: CS 462/662, entitled “Formal Languages and Parsing.”
For many years we used Hopcroft and Ullman’s Introduction to Automata
Theory, Languages, and Computation as the course text, a book that has proved
very influential. (The reader will not have to look far to see its influence on the
present book.)

In 2001, however, Hopcroft and Ullman released a second edition of their
text that, in the words of one professor, “removed all the good parts.” In other
words, their second edition is geared toward second- and third-year students,
and omits nearly all the advanced topics suitable for fourth-year students and
beginning graduate students.

Because the first edition of Hopcroft and Ullman’s book is no longer easily
available, and because I have been regularly supplementing their book with my
own handwritten course notes, it occurred to me that it was a good time to write
a textbook on advanced topics in formal languages. The result is this book.

The book contains many topics that are not available in other textbooks. To
name just a few, it addresses the Lyndon–Schützenberger theorem, Thue’s re-
sults on avoiding squares, state complexity of finite automata, Parikh’s theorem,
the interchange lemma, Earley’s parsing method, Kolmogorov complexity, and
Cook’s theorem on the simulation of 2DPDAs. Furthermore, some well-known

ix
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x Preface

theorems have new (and hopefully simpler) proofs. Finally, there are almost
200 exercises to test students’ knowledge. I hope this book will prove useful to
advanced undergraduates and beginning graduate students who want to dig a
little deeper in the theory of formal languages.

Prerequisites
I assume the reader is familiar with the material contained in a typical first course
in the theory of computing and algorithm design. Because not all textbooks
use the same terminology and notation, some basic concepts are reviewed in
Chapter 1.

Algorithm descriptions
Algorithms in this book are described in a “pseudocode” notation similar to
Pascal or C, which should be familiar to most readers. I do not provide a formal
definition of this notation. The readers should note that the scope of loops is
denoted by indentation.

Proof ideas
Although much of this book follows the traditional theorem/proof style, it does
have one nonstandard feature. Many proofs are accompanied by “proof ideas,”
which attempt to capture the intuition behind the proofs. In some cases, proof
ideas are all that is provided.

Common errors
I have tried to point out some common errors that students typically make when
encountering this material for the first time.

Exercises
There are a wide variety of exercises, from easy to hard, in no particular order.
Most readers will find the exercises with one star challenging and exercises
with two stars very challenging.

Projects
Each chapter has a small number of suggested projects that are suitable for term
papers. Students should regard the provided citations to the literature only as
starting points; by tracing forward and backward in the citation history, many
more papers can usually be found.

Research problems
Each chapter has a small number of research problems. Currently, no one knows
how to solve these problems, so if you make any progress, please contact me.
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