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Welcometo the Book ReviewsColumn. We hope to bring you at least two reviewsof books every
month. In this column six books are reviewed.

1. The following three books are all reviewed together by William Gasarch. Descriptiv e Com-
plexit y Theory by Neal Immerman, Finite Mo del Theory by Heinz-Dieter Ebbinhaus
and Jorg Flum, and Descriptiv e Complexit y and Finite Mo dels (Pro ceedings from
a DIMA CS workshop) edited by Neil Immerman and Phokion Kolaitis. Thesebooks deal
with how complicated it is to describe a set in terms of how many quanti�ers you needand
what symbols are neededin the language. There are many connectionsto complexity theory
in that virtually all descriptive classesare equivalent to the more standard complexity classes.

2. Theory of Computing: A Gen tle In tro duction by E�m Kinber and Carl Smith, reviewed
by Judy Goldsmith. This book is a textb ook aimed at undergraduateswho would not be
happy with the mathematical rigour of the automata books of my youth, such as Hopcroft
and Ullman's book.

3. Microsurv eys in Discrete Probabilit y (Pro ceedings from a DIMA CS workshop)
edited by David Aldous and JamesPropp is reviewed by HassanMasum. This is a collection
of articles (not all surveys) in the area of probabilit y.

4. Term Rewriting and all that by Franz Baader and Tobias Nipkow, reviewed by Paliath
Narendran. This is intended as both a text and a referencebook on term rewriting.

I am lo oking for review ers for the follo wing books
If you want a FREE copy of one of these books in exchange for a review, then email me at

gasarch@cs.umd.edu.If you want more information about any of these books, again, feel free to
email me. Reviewing a book can be a great way to learn a �eld. I have gotten research ideasthat
resulted in papers from books I have reviewed.

1. Parameterized Complexiy by Downey and Fellows.

2. A=B by Petkovsek, Wilf, and Zeilberger. Since the title is not informativ e, I'll quote from
the ad for the book: \This book shows how several recently developed computer algorithms
can master the di�cult job of simplifying complexsummationsand if there is no such simpli-
�cation they will prove this to be the case.The authors present the underlying mathematical
theory of thesemethods, the principle theorms and proofs, and include a packageof computer
programs that can do thesetasks."

3. Proof, Language, and Interaction (Essay in honor of Robin Mil lner) Edited by Gordon
Plotkin, Colin Stirling, and Mads Tofte.

4. Control Flow Semanticsby Jaco de Bakker and Erik de Vink
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5. Complexity and Real Computation by Blum, Cucker, Shub, and Smale.

6. The Clausal Theory of Typesby Wolfram.

7. Model Checking by Clarke, Grumberg, and Peled.

8. Data Re�nement: Model-Orientd Proof Methods and their Comparisons by de Roever and
Engelhardt.

9. Communication and Mobile systems: the � -calculus by Milner.

10. Automatic Algorithm Recognition and Replacement: A newapproach to program optimization
by Metzger and Wen.

The following are DIMA CS workshop books which are collectionsof articles on the topic in the
title.

1. Randomization Methods in Algorithm Design.

2. Multic hannel Optical Networks: Theory and Practice.

3. Networks in Distributed Computing.

4. Advancesin Switching Networks.

5. External Memory Algorithms.

6. Mobile Networks and Computing.

7. Robust Communication Networks: Interconnection and Survivabilit y.

Reviews2 of THREE books on Descriptive Complexity Theory
Descriptive Complexity Theory

by Neil Immerman
Published by Springer 1998,268 pages

Hardcover, $55.00
ISBN number 0-387-98600-6

AND

Finite Model Theory
by Heinz-Dieter Ebbinghaus and Jorg Flum

Published by Springer-Verlag
Perspectivesin Mathematical Logic series

Hardcover, $119.00
ISBN number 3540149X

AND

Descriptive Complexity and Finite Models
Edited by Neil Immerman and Phokion Kolaitis
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Published by AMS 1997,268 pages
DIMA CS seriesin Discrete Mathematics and Theoretical Computer Science

Hardcover, $55.00
ISBN number 0-8218-0517-7

Reviewsby

William Gasarch
University of Maryland At CollegePark

gasarch@cs.umd.edu

1 Overview

The Complexity of a Problem usually meanshow much time or spaceis neededto solve it; how-
ever, there are other measuresof complexity. The three books under review deal with Descriptive
Complexity{ how hard is it to describe the problem. For example, the set of graphs G = (V; E )
that are not connectedcan be described as NOT -CONN =

f G j (9A � V )(9x 2 V )(9y 2 V )[x 2 A ^ y =2 A ^ (8u)(8v)[u 2 A ^ E (u; v) ! v 2 A]]g:

Note that this description usesoneexistential secondorder quanti�er and several �rst order quan-
ti�ers. Is there a simpler description? This question needsre�nment. A description is �rst or-
der (henceforth FO) if all the quanti�ers range over V . A description is second order monadic
(henceforth SO(monadic)) if the quanti�ers range over V or subsetsof V . We showed above that
NOT-CONN 2 SO(monadic). The following questionsarise.

1. Is NOT- CONN 2 FO? (No.)

2. What is the weakest descriptive classfor NOT-CONN . (The above shows that NOT- CONN
can be described with one existential secondorder monadic quanti�er, the rest �rst order
quanti�ers, and no additional numeric relations. This is essentially best possible.)

3. How can we prove results about non-expressability? (Seebelow.)

4. Why do we care? (Seebelow.)

1.1 Non-expressibilit y

Non-expressibility results are provenusingEhrenfeucht-Fra•�ss�egames(henceforth E-F games).The
E-F gamewith m moveson graphs G and H is played as follows.

1. SPOILER puts a pebble a1 (b1) on a vertex of G (H ).

2. DUPLICA TOR put a pebble b1 (a1) on a vertex of H (G).

3. Repeat the above two stepsm � 1 times.

4. If the subgraph of G induced by f a1; : : : ; amg is isomorphic to the subgraph of H induced
by f b1; : : : ; bmg via an isomorphismthat maps ai to bi then DUPLICA TOR wins. Otherwise
SPOILER wins.
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One can prove that if DUPLICA TOR can win the m-move E-F game on G and H then no
m-quanti�er �rst order formula can distinguish G from H . Henceif, for all m, there exists G and
H such that G is connected,H is not connected,and DUPLICA TOR wins then neither CONN nor
NOT-CONN is in FO. This is indeed the case.

Variants of E-F gamesexist to prove properties about secondorder languages,languageswith
limits on the number of variables, and languageswith other operations.

1.2 Wh y do we care?

There are two main reasonsto careabout descriptivecomplexity. Firstly , and somewhatunderated,
there is curiosity. It seemslikeNOT -CONN =2 FO but oneis curious to �nd out. Secondly, the more
cited reason, is the connection between descriptive complexity and well known classes.Fagin [2]
showed that NP is equivalent to a descriptive class,and sincethen virtually every complexity class
has an exact characterization as a descriptive class. For example, (1) NP is equal to (9)SO which
is the set of languagesthat can be described with one secondorder existential quanti�er, and (2)
P is FO[LF P] which meansFO appendedwith a secondorder function that can be obtained as a
least �xed point of an operator.

A plausible attack on P vs. NP is to �nd someset in NP and show by E-F gamesthat it is
not in FO[LF P], and hence not in P. This plan of attack is plausible for any classesthat have
exact descriptive complexities, which is most classes.As of now no separationshave beenobtained
this way; however, there do not seemto be any mathematical obstaclessuch as relativization.
Ironically, there has been a collapse of classesproven by thinking about descriptive complexity:
NSPACE(S(n)) is closedunder complementation. This wasprovenindependently by Immerman [3]
and Szelepcs�enyi [8]. Immerman proved it while trying to determine if two descriptive classeswere
the same. Szelepcs�enyi proved it while looking at inductiv e counting arguments. The proofs are
essentially the sameand can be understood without knowing descriptive complexity theory.

2 Review of Immerman's book Descriptiv e Complexit y

Neil Immerman has beenone of the leadersin descriptive complexity theory since1979;hence,he
is ideally suited to write a text in the area. His book starts from the beginning and assumesthe
reader to be mathematically mature but ignorant.

Chapters 1 and 2 are elementary. They cover the basicsand clarify some of the implicit as-
sumptions about the languagesusedthroughout the book.

Chapters 3,4,5,7,and 10 prove that many of the usual complexity classesare exactly descriptive
classes. The following classes,and others, are equivalent to descriptive classes: CRCW[O(1)]
(concurrent read, concurrent write, poly number of processors,constant time), P, NP, PSPACE.
The descriptive classesthese are equivalent to are, for the most part, natural. These seemto be
the kind of theoremsthat are hard to comeup with in the �rst place,but onceyou think they are
true the proofs are not hard. For example, the proof that a set is in NP i� it can be de�ned with
a secondorder existential quanti�er is proven by a coding of Turing machines into formulas in the
obvious way.

Chapters 6,8, and 13 useE-F gamesto obtain lower bounds on expressibility. Here are some:

1. PATH k is the set of graphs with distinguished vertices s and t such that there is a path of
length � 2k from s to t. PATH k can be expressedwith k quanti�ers and 3 variables. PATH k

cannot be expressedwith k � 1 quanti�ers (any number of variables) or 2 variables (any
number of quanti�ers). (Chapter 6.)
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2. Hanf's theorem is proven which states a very generalcondition under which DUPLICA TOR
hasa winning strategy. From this weeasilyobtain 2-COL and CONN arenot in FO. (Chapter
6.)

3. CONN =2 (9)SO(monadic) (without any numeric predicatesor ordering). This requiresde�n-
ing a new kind of E-F gamefor secondorder existential. (Chapter 8.)

4. REACH is the problem of, given a graph with two distinguished vertices s and t, can you
reach s from the t. For undirected graphs REACH is in (9)(SO)(monadic). They show that
for directed graphs REACH is not in that class. This required a general theorem and then
the graphs usedwereshown to exist via the probabilististic method. (Chapter 8)

5. For strings, the PARITY predicate is not in FO. This is provenby Hastad's Switching lemma.
A full proof is given.

6. A colored graph is onewhoseverticesare colored. There is no constraint on the coloring. Two
colored graphs are isomorphic if there is an isomorphism that preserves color. Let CCk be
the set of colored graphs where at most k vertices share a color. Let L m be the set of �rst
order sentencesabout colored graphs that have only m variables.

(a) If G; H 2 CC1 and agreeon all L 1 sentencesthen G ' H .

(b) If G; H 2 CC3 and agreeon all L 3 sentencesthen G ' H .

(c) There exists c > 0 such that for all n there exists G; H 2 CC4 such that G; H agreeon
all L cn sentencesbut G 6' H .

Chapters 9, 11, and 12 are about tradeo�s of parameters. Chapter 9 hasthe famousresult that
NSPACE(S(n)) is closedunder complementation. Chapter 14 contains applications to databases,
dynamic complexity, and model checking. Chapter 15 points to future directions. Due to space
limitations the book can't spend too much time on any of these topics, but a 
a vor for them is
given.

Neil Immerman has done the communit y a great favor by compiling all the information into
onebook that can actually be read. He claims that it can be usedas text for advancedundergrads
and grad students. This seemsreasonableif the students have enoughmathematical maturit y.

My only objection to the book is in the material it doesnot cover:

1. Arora and Fagin [1] havea clearer(though longer) proof that REACH is in not in (9)(SO)(monadic)
for directed graphs.

2. Turan [9] has shown that AUT (the set of graphs that have a nontrivial automorphism)
is not in (SO)(monadic). Since this is one of the few results about non-expressibility on
(SO)(monadic), and it's simple, it should have beenincluded.

3. Kolatis and Vaananen [4] have used sophisticated combinatorics (e.g., Van der Waerden's
Theorem) to obtain results about counting classesand in�nitary languages.

4. Papadimitriou and Yannakakis have [5] madeconnectionsbetweendescriptivecomplexity and
approximation of optimization problems.

Sinceit is not possibleto include everything, Immerman's choice of topics makessense.

5



3 Review of Ebbinghaus-Flum book on Finite Mo del Theory

Finite model theory (henceforth FMT) is a superset of Descriptive Complexity Theory (henceforth
DCT) Logicians were working on FMT before the connectionsto complexity theory were estab-
lished. The following kind of theorem is part of FMT but not DCT: \Ev ery sentence of a certain
type that has a model has a �nite one."

The book under review is on FMT and is for mathematicians. As such its choiceof topics di�ers
from Immerman's book. There is someoverlap in content but no overlap in mentalit y. I'll �rst
describe the contents then comparethe two books.

Chapter 1 is on E-F gamesfor �rst order. They proof CON N =2 F O and Hanf's theorem.
Chapter 2 extends E-F gamesto secondorder logic, in�nitary logics, and counting quanti�ers.
A sample application: PARITY cannot be expressedwith an in�nite formula using only a �nite
number of variables.

Chapter 3 is on 0-1 laws. The number of structures (e.g., graphs) on n elements is �nite. If P is
someproperty then someof the structures have property P and somedo not. Hencethe question
of \ho w many" or \what fraction" have property P can be asked. For many properties P

lim
n!1

Number of graphs on n vertices that have property P
Number of graphs on n vertices

2 f 0; 1g:

This phenomenonis called a 0-1 law. In this chapter they prove that all FO properties satisfy
the 0-1 law, there are monadic secondorder sentencesthat do not, and other theoremsabout this
phenomena.

Chapter 4 is on �nite model properties. Here is a sampletheorem and why it is important. If �
is a �rst order sentence with at most 2 variables in a relational vocabulary (no function symbols)
then the following, called the �nite model property, is true: If there exists M such that M j= �
then there is a �nite such M . Normally the validit y question \Giv en � is it true in all model M
(including in�nite ones)?" is undecidable. However, if � is in somerestricted classof sentences
that satis�es the �nite model property then the question is decidable. Let V ALI D be the set of
valid sentences. By the completenesstheorem VALI D is the set of provable ones,henceV ALI D
is a c.e. set. 3 However, VALI D is c.e. since � 2 V ALI D i� (9M )[M �nite ^ M j= : � ]. Since
V ALI D and VALI D are both c.e., both are computable.

Chapter 5 is on �nite automata and logic. The following are proven: (1) a languageL is regular
i� L 2 MSO[S;< ] (Monadic secondorder with symbols for successorand < ), (2) a languageL is
star-free i� L 2 FO[S;< ]. Much more is known about this topic, but not proven here (seethe next
review, the chapter by Straubing).

Chapter 6 links Descriptive classesto Complexity classes. As such it rephrasesquestions in
complexity theory as questions in logic. Chapter 7 discusses�xed point operators and proves
FO(posTC) = FO(TC), more commonly known as \W OW!, NSPACE(S(n)) is closedunder com-
plementation!"

Chapter 8 is on logic programming. A sample theorem: a classis expressiblewith a strati�ed
Datalog program i� it is is in FO(BFP) (BFP is Bounded Fixed Point). Chapter 9 is a short
chapter on connectionsbetweenDCT and approximating optimization problems. Chapter 10 is on
di�eren t typesof quanti�ers such as \( 9) exactly n"

Comparisonsto Immerman's book:

3Logicians have recently switched from r.e. (recursively enumerable) to c.e. (computably enumerable). See[6] for
the essay that inspired the change.

6



1. Both books cover E-F gamesand the equivalenceof complexity classesto descriptive classes.
Immerman doesmore equivalences.

2. Topics in Ebbinghaus-Flum that are not in Immerman: in�nitary logic, �nite model prop-
erties, �nite automata, and optimization problems. The last two topics get a very brief
treatment in Ebbinghaus-Flum

3. Topics in Immerman that are not in Ebbinghaus-Flum: number of variables as a measure
of descriptive complexity, lower bounds on expressibility of reachabilit y, tradeo� 's between
variables and quanti�er depth, circuits, lip serviceto applications like database.

4. Ebbinghaus-Flum requires a higher level of mathematical maturit y. There is little intro duc-
tory material and it is in theorem-proof style. There are not that many examples.(Through
there are some,unlike most math books at this level.)

5. Ebbinghaus-Flum is written for mathematicians while Immerman is written for computer
sciencetheorists. A startling example: I looked in the table of contents of both books for
the results NSPACE(S(n)) is closed under complementation. In Immerman there was a
sectionnamed\NSPACE(S(n)) = coNSPACE(S(n))". The proof is in terms of FO(posTC) =
FO(TC) (as it should be for this book) but the connectionto spaceis both in the intro duction
to that chapter and at the end of the chapter and spelled out explicitly . In Ebbinghaus-Flum
there is a section called \F O(posTC) and normal forms." In this section is a proof that
FO(posTC) = FO(TC ). There is no mention of spaceclasses.

4 Review of DIMA CS Workshop Pro ceedings

From January 14{17 in 1996there wasa DIMA CSWorkshopat Princeton University on Descriptive
Complexity and Finite Models. The book under review is one of the results of that workshop. It
consistsof seven articles by di�eren t authors.

4.1 Ronald Fagin's article Easier Ways to Win Logical Games

There are three very general theoremsthat can be usedto show that DUP has a winning strategy
in an E-F game. The three theorems are stated, compared, and used. They are not proven, and
the applications are sketched (not proven). This article inspired me to read [1].

4.2 Bruno Courcelle's article On the Expressionof Graph Properties

This article contains a chart of several graph properties and which fragment of Monadic Second-
Order Logic (henceforth MS) can be usedto expressit. For example3-colorabilit y is expressibleby
a formula of the form (9X 1; : : : ; X n)[� (X 1; : : : ; X n)] where X i rangesover setsof vertices and � is
�rst order. MS is important sinceif a property A is in MS then, when restricted to \tree-structured
graphs", there exists a tree automata for A. Hence,the set of tree-structured graphswith property
A is in DTI M E (n). This article contains proofs and many pointers to the literature.

4.3 Howard Straubing's article Finite Models,Automata, and Circuit Complexity

This article is about using descriptive complexity on setsof strings. A sampletheorem: a language
L is regular i� L 2 MSO[S;< ] (Monadic secondorder with symbols for successorand < ). What
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about �rst order? A languageL is star-free i� L 2 FO[S;< ]. What about subsetsof FO[S;< ]? If
L 2 FO[S;< ] then L is certainly regular. Let A = (Q; � ; � ; F ) be the minimal DFA for L . � can
be extended to act on strings. For all w 2 � � let f w : Q ! Q via f w (q) = � (q; w). M (L) is the
monoid f f w : w 2 � � g under composition. The algebraicproperties of this monoid can be usedto
classifydescriptions. Sampletheorem: L 2 FO[< ] i� M (L) is aperiodic and �nite. Other algebraic
theorems are also shown. These theorems make it possible to prove non-expressibility without
E-F games. Circuits are connectedto this material via the following theorem: AC 0 = F O[ALL ],
which is �rst order with all numerical predicates. Reading this chapter made me want to reread
Straubing's book on this material [7].

4.4 Victor Vian u's article Databasesand Finite-Model Theory

This article surveys the connectionsbetween databasetheory and �nite model theory. It claims
(correctly) that databasetheory can be a sourceof new questionsfor �nite model theorists. The
main di�erence between the two, and hencethe richest sourceof new questions, is that database
theory deals with dynamic aspects such as update languageswhereas�nite model theorists have
mostly studied complexity classeswhich are static. (SeeImmerman's book, Chapter 14.2, for some
work on dynamic classes.)

4.5 Moshe Vardi's article Why is Modal Logic so RobustlyDecidable?

Modal logic was invented to model necessity and possibility, but can also be used to model time.
This paper looks at propositional modal logic. The well-formed-formulas are (1) propositional
variables, (2) if � 1 and � 2 are w� then : � 1, � 1 ^ � 2, and 2 � 1 are w�. The symbol 2 � meansthat
� is necessarily true. An interpretation M for a formula � is a (possibly in�nite) directed graph G
together with, for every vertex s of G, an assignment to all the variablesof � . We can de�ne what
it meansfor � to be true at vertex s of interpretation M , denoted (M ; s) j= � as follows:

1. If � is a propositional variable then (M ; s) j= � i� M assigns� TRUE at s.

2. (M ; s) j= � 1 ^ � 2 i� (M ; s) j= � 1 and (M ; s) j= � 2.

3. (M ; s) j= : � i� (M ; s) 6j= � .

4. (This is the interesting one.) (M ; s) j= 2 � i� for all t such that (s; t) is an edge in G,
(M ; t) j= � .

A formula � is satis�able if there is someinterpretation M and somevertex s such that (M ; s) j=
� . SinceM could be in�nite the question of decidability is of interest. However, the following is
known:
Theorem: If � is satis�able then there existsan interpretation M and a vertex s such that (M ; s) j= �
and M is of size� 2j � j . Hencesatis�abilit y is decidable. (This is called the Finite Model Property.)

The paper under review probes the underlying reasonswhy this problem (and harder ones)
are decidable. Modal logic is closer to �rst order logic (where SAT is not decidable) then to
propositional sincethe 2 operator is an implicit 8. So why should SAT be decidable?

Modal logic can be embeddedin a small fragment of �rst order logic, called F O2, whereSAT is
decidablevia a Finite Model Property. The authors could have stopped here,satis�ed (the authors
that is, not the formulas) that they have drawn a distinction betweenF O and M ODAL � F O2.
However, they point out that a more complicated modal logic still has a decidableSAT problem,
while there doesnot seemto be an analogoussubsetof F O. In particular Computation TreeLogic
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(henceforth CTL) whereyou can quantify over branchesis decidable. CTL is decidableby showing
it hasa TreeModel Property| if a formula is satis�able then there existsan interpretation (a tree)
where it is true (the tree might be in�nite but this is not a problem).

This article givesa good survey of Modal Logic with the theme of decidability and, to a lesser
extent, complexity. There are few proofs; however there are many references.This article, along
with several of the references,could be the content of a graduate courseor two.

4.6 E. Allen Emerson's article Model Checking and the Mu-calculus

(The reader of this review should read the review in the last subsection�rst.)
A reactive systemis a system that has many unpredictable external inputs, such as air tra�c

control. Temporal Logic (a variety of Modal Logic) seemsto be a good way to reasonabout reactive
systems.The questionof most interest is to proof correctnessof such a system(e.g., there is never
a time when you want to land two airplanes on the samerunway). This can be formalized as the
model-checking problem:

Given a �nite state transition graph M , an initial state so of M , and a temporal logic speci�-
cation formula f , does(M ; s0) j= f ?

The article under review de�nes CTL and the � -calculus rigorously, states theorems about
expressivenessand model-checking algorithms. There are a variety of model-checking algorithms
becausethere are two sizeparametersof interest: the sizeof the model and the sizeof the formula.
The authors own words best summarizehis point \The � -calculus and associated temporal logics
such as CTL provide a good handle on precisely stating just what behavior is to occur when, at
a variety of levels of detail. The fully automated type of reasoningprovided by model checking
provides a convenient tool for both verifying correctnessand for automatic debugging. Moreover,
a number of interesting mathematical problems arise in connection with model checking in the
� -calculus."

4.7 Toniann Pitassi's article Algebraic Propositional Proof Systems

The following problem is fundamental: givenC1^ � � �^ Cm =2 SAT , give a proof that C1 ^ � � �^ Cm =2
SAT . There aremany approachesto this problem. For several of them it is known that there exists,
for all n, a formula on n variables that requires2
( n) long refutations.

This paper presents an algebraic proof system. Given a formula � (~x) (n variables, m clauses)
one can (easily) produce equationsQ1(~x); : : : ; Qn+ m (~x) such that � 2 SAT i� (9~a)[Q1(~a) = � � � =
Qn+ m (~a) = 0]. A refutation of � is a prime p together with a set of polynomials F1; : : : ; Fn+ m 2
Zp[~x] such that

P n+ m
i=1 Qi (~x)Fi (~x) � 1 (mod p). The existenceof such polynomials proves that

� =2 SAT . The question of interest is the size of F1; : : : ; Fn+ m . The following are proven: (1)
If there are always poly-bounded polynomials then PH = � p

2. (2) If there are not always poly-
bounded polynomials then extendedFregesystemsdo not have poly-bounded refutations (This is
a conjecture that has resistedattempts to prove it.)

Several upper and lower bounds are given for particular formulas such as the pigeon-holeprin-
ciple. The upper bounds are easy. The lower bounds are di�cult and not proven; however, some
of the methods to prove them are discussed.Connectionsto Fregesystemsare made precise.

This article is a nice survey. It can be usedto guide the readersto the literature.
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5 Final Commen ts

Let CS be computer scientists who do not work on theory. Let A denote computer scientists who
work on algorithms. Let N A be computer scientists who work on theory but not on algorithms
(complexity theory, databasetheory, semantics, etc.)

Let I M M stand for Immerman's book. Let E F LU M stand for the Ebbinghaus-Flum book.
Let D I M stand for the DIMA CS book.

Let N N denote that there is No Need to have this book in your library . Let L denote that a
book should be in your school library . Let S denote that a book should be on your own shelf. Let
P denote that a book should be under your pillow at night. Then we have P ! S and S ! L .

The following table is my advice for people in f C; A; N Ag with regard to whether they should
f L; S;Pg the books in f I M M ; E F LU M ; DI M g.

CS A N A
I M M L S P
E F LU M N N L S
DI M L L S
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I have the pleasureof reviewing an important book here. Kinber and Smith's new automata
theory and formal languagestextb ook is a much-neededaddition to our shelves. It covers material
that is taught in classesthat are mandatory or encouragedin many CS departments (automata
and formal languages,computabilit y, and a brief intro to complexity focussedon P and NP), yet
there are few textb ooks that are accessibleto our less mathematically inclined undergraduates.
The only other comparable book I'v e used is John Martin's In tro duction to Languages and
the Theory of Computation. Smith and Kinber's book is most similar in tone to Martin's; the
next closestthat I found was the secondedition of Lewis and Papadimitriou's book, Elemen ts of
the Theory of Computing.

Unfortunately, many undergraduates are intimidated by formal mathematical presentations.
This book seeksto intro duce the fundamentals of the theory of computing without too much
stress. It succeedsadmirably.

I havenot yet testedthis book in the classroom. However, there were(last I checked) two reviews
available on amazon.com,presumably from University of Maryland students. Both reviewers gave
the book four stars (out of �v e); one of them said, \My theory of computer languagesclasswas
taught with this book and I must say it is a very good intro duction." In the many years I have
taught automata and formal languages,it has beenrare for students to actually like an automata
theory book.

1 Con ten t Summary

Chapter 1 is the usual intro to sets, etc. It is serviceableand succinct. It contains almost
everything that the students might be expected to know about strings and sets. It does not
attempt to cover basic graph theory, which would be helpful, for instance when the authors refer
to breadth-�rst search. If a student has had graph theory, one might hope she has also been
intro duced to sets. Given that the authors chosenot to intro duce graph theory, the succinctness
seemsappropriate. The one topic which I often cover in this course that is not intro duced is
countabilit y and uncountable sets.

Chapter 2 intro duces�nite automata, nondeterminism, regular expressions,nonregular lan-
guages,and closureproperties. The equivalenceof NFAs and DFAs is sketched, rather than proved.
The details are left to the reader, or outlined in exercises.The theorem that regular expressions
describe the classof languagesthat are acceptedby FAs is implicit in the discussionat the intro-
duction of regular expressions.Students are likely to miss that, and be puzzled by the algorithm
to create a regular expressionfrom an automaton. (The theorem is stated after the algorithms.)

The pumping lemma is stated and used, somewhat informally, to show several languagesare
not regular. The Myhill-Nero de Theorem is not mentioned.

Chapter 3 intro ducescontext-free grammars �rst, and givesa few examplesof a grammar for
a fragment of English; a few sentencesare generated. The discussionof parsing mentions leftmost
and rightmost derivations, removal of ambiguit y, and inherent ambiguit y, but doesnot go into great
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detail. Pushdown automata are intro duced as an extension of FAs by an extra \data structure,"
namely, the stack, and shown to recognizeexactly the context-free languages.Closurepropertiesare
discussed,and the pumping lemma for context-free languagesis stated and applied. The statement
and application are more formal than thoseof the pumping lemma for regular languages.Chomsky
Normal Forms are discussed,as are deterministic CFLs.

Chapter 4 intro ducesTuring machinessas accceptorsand transducers, considersvariants of
TMs such asmulti-headed TMs and RAMs, and shows that they are all equivalent. There's a clear
discussionof Church's thesis and a brief intro duction to decidability and semi-decidability (what
the old-fashionedtypescall recursive and recursively enumerable sets).

Chapter 5 covers undecidability, intro ducing the notion of universal TMs and showing that
the diagonal set and the halting set are both undecidable. It ends with Rice's Theorem: any
property of setscorresponds to a set of programs (in any reasonablesystem) that is either trivial
or undecidable. [The wording is the reviewer's.]

Chapter 6 intro ducestime complexity and the classesP and NP. It intro ducespolynomial-time
reductions and NP-completeness,and givesseveral examples,more than in most automata theory
or algorithms books. However, it doesnot mention any other complexity classesor measures(such
as spacecomplexity).

Instructor's Man ual All of the missing or sketched proofs from Chapter 2 appear here, as
well as solutions to all of the exercises.

I understand that the instructor's manual will not be available from bookstores, but only on
the requestof an instructor. Thus, in theory, it will not fall into students' hands.

2 Style

The overall style of the book is fairly informal. For instance:

We call �nite automata a type of program. They hardly look like programs in any
conventional programming language. On the other hand, the reader probably has no
doubt that they can be simulated by software programs. As our vending machine
exampleshows, they can also be directly implemented on the hardware level.

However, the degreeof formalit y varies through the book. In particular, the chapter on regular
languagesis presented much less formally than that on CFLs, although formal proofs of all the
results for regular languagesare given in the instructor's manual. There is no discussionof this
choice. Was it to easethe students into the material, or because(for somereason) a student is
more likely to needthe formal apparatus of CFGs?

Living in a culture of \More is better," it is startling to �nd a textb ook that coversthe material
for a 15-week semestercourse, and no more. The exercisesseemreasonableand su�cien t; it is
likely that I would assignat least 50% of them per semester.There are several levels of di�cult y,
all labeled by zero, one, or two diamonds (the two-diamond onesare the hardest).

This book is written for computer sciencestudents, not mathematicians. There is an em-
phasis on connecting the material to work in other areasof computer scienceand to real-world
programming. The hard-core, \who needsthis theory stu� ?" crowd will not be persuadedby this
presentation, but more of the middle-of-the-road computer sciencestudents may actually grasp
someof the material and its connectionsto the rest of the curriculum.

On the other hand, non-native speakers of English may be somewhatput o� by the wordinees
and an occasional
oridit y of style. Italics are usedboth for emphasisand for de�nitions, making
it a bit more di�cult to locate the latter on a page. This will not be a theorist's referencebook;
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what will make it useful to a student in the yearsfollowing a courseis that it is short, and the table
of contents is actually useful in locating results, theorems, and constructions. However, it would
have beenuseful to have somesort of chapter summary or other tool for reference.

3 Opinions

There were several things I disliked about this book. The style sometimesgets a bit 
orid, and
\ob viously" and someof its synonymousphrasesoccur occasionally. (One of the authors assuresme
that this will be �xed in later editions.) A few topics that I think are important are omitted: the
Myhill-Nero de theorem, the notion of spacecomplexity, and at least a mention of other complexity
classes,perhaps as a teaser for a complexity theory course. And some of my favorite exercises
about semi-decidablesets(show a set is the rangeof a partially computable function if and only if
it is the domain of a partially computable function) appear in the text.

While this book doesnot do as thorough a job on non-regular languagesasMartin's book does,
it doesa better job on CFLs. An earlier edition of Martin's book had a mildly o�ensive exampleof
an English sentence in the discussionof parsing natural languages;Kinber and Smith give several
remarkably clunky sentences. Is there a reasonthat they choseto omit articles, leaving them with
such ringing examplesas "John bought big car"? I think it's important to mention the connection
to historical computational linguistics. Perhapsthe clunkinessservesthe purposeof indicating that
CFLs are still not adequatefor generatingnatural languages.

On the other hand, this book is at the right level for my undergraduatestudents. In particular,
it has an excellent intro duction to nondeterminism at the automaton level. The exerciseslook like
they have a good range, from completely straightforward to challenging. Having all the solutions in
an instructor's manual should make the coursemore accessibleto non-theorist instructors as well.

I like that this is really a one-semesterbook. I like the gentlenessof the text, and its technical
correctness.It is not so wordy that it obscuresthe content, as somerecent books have been,but it
doestake the time to put the material in the biggerpicture of computer science.It is likely that (at
least some)students will actually read the entire book, and thus will get exposureto and practice
with the technical details of the area, and more of the bigger picture than they'd get by skimming
a longer textb ook.

Review of Micr osurveysin Discrete Probability
Edited by David Aldous and JamesPropp

Published by AMS 1998
DIMA CS seriesin Discrete Mathematics and Theoretical Computer ScienceVolume 41

Hardcover, $39.00
ISBN number : 0-8218-0827-3

Review by
HassanMasum

Carleton University, Otta wa, Canada
hmasum@ccs.carleton.ca

1 Overview

Microsurveysin DiscreteProbabilit y is a collection of articles from a DIMA CS Workshopon themes
in discrete probabilit y. The main themesinclude distributional estimates,dynamical percolation,
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Markov chains, Poissonprocesses,random graphs, and random sampling.
For thosewho are not specialists in the above areas,"Microsurv eys" may be a misnomer, since

many articles are relatively speci�c journal-format articles insteadof moreaccessiblesurvey articles.
From my point of view as a nonspecialist, the articles of most interest are: Dynamic Percolation,
Mixing Times, Uniform SpanningTrees,Coupling from the Past, and Perfectly Random Sampling.
Each of thesearticles is discussedbrie
y below.

2 Summary of some of the articles

Dynamical percolation: Early resultsand open problemsby Olle Haggstrom.
(Static) bond percolation theory imposesa probabilit y measureon the edgesof an in�nite (but

locally �nite) connectedgraph, such that each edgeis independently closedor open, and then looks
at the properties of the resulting structure. Dynamical percolation extendsthis model to the time-
varying caseby de�ning a Markov processon the edges,so that each edgecan now independently

ip state at a given rate. The article looks at somedynamical percolation results for trees, cubic
lattices, and more general graphs. Percolation can also be studied in a contin uous spacewithout
being con�ned to a lattice or graph; in this vein, the author looks at a dynamical version of the
contin uum PoissonBoolean model.

Mixing times by Laszlo Lovaszand Peter Winkler.
A very interesting research paper on various ways of de�ning "mixing time", which is the

number of steps a Markov chain is expected to take to reach its stationary distribution. (Aside
from theoretical interest, this is a very practical issuein many simulation situations wherea Markov
processmust be sampled.) Proofs are given for the equivalenceup to constant factors of many of
the di�eren t mixing time de�nitions.

A bird's-eyeview of uniform spanning trees and forestsby RussellLyons.
A "uniform" spanning tree simply denoteschoosing one such tree from the set of all spanning

trees of a graph, with uniform probabilit y distribution. An elegant algorithm for choosing such
treeson a (connected�nite) graph is to take a random walk on the graph and add only thoseedges
which do not completecycles. The idea can be extendedin a natural way to in�nite graphs, where
one speaks of uniform spanning forests. The author examinesthe properties of such forests on
several graph classes,particularly integer lattices, and discussesapplications to electrical networks;
several interesting open questionsare then posed.

Coupling from the past: A user's guide by JamesPropp and David Wilson.
In the samevein as the previous article on mixing times, the authors describe a generalmethod

called"Coupling From the Past"which allowsperfectly random samplesfrom Markov chains; for the
method to be applicable, someconvergenceconditions must be met. More speci�cally , in applicable
casesthe �nal output samplefrom the probabilit y distribution is independent of the initial state of
the chain, with expected running time a �xed multiple of the mixing time. One interesting point
the authors make is that sampling schemeswith random execution times are vulnerable to a subtle
bias, due to long execution runs being prematurely terminated by impatient experimenters.

Annotated bibliography of perfectly random sampling with Markov chains by David B Wilson.
A usefulsurveyof many di�eren t methodsfor samplingperfectly (or arbitrarily closeto perfectly,

depending on the algorithm) from Markov chains. Pointers to simulations are given, along with a
glossaryof related concepts.
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3 Titles of the other articles

The following is a list of all the other articles in this volume.

1. Tree-valued Markov chains and Poisson-Galton-Watsondistributions by David Aldous.

2. On the central role of scale invariant Poisson processeson (0, 1 ) by Richard Arratia.

3. Beyond the method of bounded di�er encesby Anant P Godbole and Pawel Hitczenko.

4. Distinguishing and reconstructing sceneries from observationsalong random walk paths by
Harry Kesten.

5. Enumerations of trees and forests related to branching processesand random walks by Jim
Pitman.

6. Couplings for normal approximations with Stein's method by GesineReinert.

4 Opinion

This book would bene�t greatly from the addition of a Prefaceor Intro duction chapter, with an
overview of the importance and techniques of the area, links to other related areas,and a short
explanation of the signi�cance of each article. As it is, the book essentially reads like a collection
of independent papersasopposedto a uni�ed exposition; although this is understandablesincethe
book consistsof the proceedingsfrom a DIMA CS workshop, a "semantic overview layer" would
add a lot of value. An Index would also be useful.

I would suggestthe following three recent booksasusefulbackground or supplementary reading
for those who are not discrete probabilists: 1) Markov Chains: Gibbs Fields, Monte Carlo Sim-
ulation, and Queues. Pierre Bremaud; Springer-Verlag, 1999. 2) Percolation (2nd ed). Geo�rey
Grimmett; Springer-Verlag, 1999. 3) Random Graphs. Jansonet al; Wiley-In terscience,2000.

Microsurveysis a worthwhile random sampling from recent developments in discreteprobabilit y.
"Discrete Probabilit y"is probably an indiscreetly broad phraseto usein the title, sincethe articles
are clustered in the areas of Markov and Poisson processesand random graphs. Nevertheless,
those who are interested in theseareasand ready to provide their own orientation will �nd some
interesting material here.

Review of Term Rewriting and all that
by Franz Baader and Tobias Nipkow

Published by Cambridge Univ. Press,313 pages
Softcover, $27.95

ISBN number 0-521-779200

Reviewer: Paliath Narendran
State University of New York at Albany (SUNY-Albany)

Dept. of Computer Science
A term rewriting system is a collection of one-directional rewrite rules between (well-formed)

terms over a signature. (A well-known exampleof a rewrite rule is the cancellationrule x � x � 1 ! 1
for groups,over the signature f� ; � 1; 1g. ) The areaof term rewriting hasseenconsiderableprogress
in the last two decades.Though there are several surveysof the �eld (e.g., [DerJou88]), until now
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no book was available in English on this topic. (There is a small monograph-sizebook by J•urgen
Avenhaus[Aven95], published in 1995, but it is in German.) The book under review more than
�lls that void.

As the authors say in the intro duction, this book is meant both asa textb ook and asa reference
for researchers in the �eld. The daunting task of writing such a book did not fazethe authors who
have \pulled it o� " admirably. (It helps a great deal that the authors are themselvesvery active,
researchers in the �eld.) The outcome is a cogent presentation of the important topics in a clear
and at the sametime rigorous way.

The �rst chapter, \Motiv ating examples,"setsthe stageby presenting situations (e.g. symbolic
di�eren tiation) where term rewriting is applicable. The secondone lays the foundations rigorously
by stating and proving properties of abstract reduction systems. Key concepts like con
uence,
and termination are intro duced. Huet's elegant proof, using well-founded induction, that local
con
uence and con
uence are equivalent for terminating systemsis presented.

The third and fourth chapters intro duce equational reasoning. Birkho� 's completenessproof,
that semantic (model-theoretic) and syntactic notions of validit y coincide for equational logic, is
presented in detail in the third chapter. The fourth chapter dealswith congruenceclosure(which
is important when the axioms are over ground, or variable-free, terms) and syntactic uni�cation.

Chapter 5, \T ermination," is a crucial one (and a very good one too!) especially for me sinceI
feel that this is one area where term rewriting has made a signi�cant contribution to Theoretical
Computer Sciencein general. Kruskal's theorem on tree embedding is proved following Nash-
Williams. This important result is the underpinning for many an ordering that is usedin automated
reasoningsystems(e.g., see[KZ95]).

Chapter 6 dealswith the property of con
uence (which roughly meansthat any two diverging
sequencesof rewrites can be made to converge). The idea of completion, where one adds enough
new rules to make a non-con
uent systemcon
uent, is treated in the next chapter. Correctnessof
Huet's completion procedureis proved.

Chapter 8 is a delightful bonus for the reader. Buchberger's algorithm for computing Gr•obner
basesfor polynomial ideals is presented. This is also a \completion procedure" in the above sense
and crucial to computational algebraic geometry.

The remaining chapters deal with advancedtopics. Chapter 10, \Equational Uni�cation," is an
especially good one,which is not very surprising sinceone of the authors (Baader) is an authorit y
in this area. The chapter contains a detailed exposition of associative-commutative uni�c ation (or
\A C-uni�cation"), namelyuni�cation wheresomeof the operatorsareassociativeand commutativ e.
This is an important computational problem sinceassociativeand commutativ eoperators (e.g., the
logical ^ operator) turn up in many situations.

Two appendices| one covering background material on orders and the other on the language
ML | and a detailed bibliography round out the book. The index seemscarefully doneand is very
helpful. Congratulations to the authors on a job well done.

And now to nitpic k: I feel the authors should have paid some attention to the (sub)�eld of
string rewriting. References[228] and [250] in the book ([Sen96] and [ZG95] respectively) pertain
to that area in any case.At the very least, a referenceto the volume by Book and Otto [BoOt93]
should have been there. Also, despite what the authors suggestin the Prefaceabout prerequisites
being minimal, I suspect that a courseusing this book can be handled only by students who have
had a fairly sophisticated courseon combinatorics, logic and set theory.
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