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In this column we review the following books.

1. Algorithmic  Geometry by Jean-Daniel Boissonatand Mariette Yvinec. Reviewed by E.
W. Cenek. This is a textb ook on Computational Geometry. It is big on principles, but not
implementation.

2. Branc hing Programs and Binary Decision Diagrams: Theory and Applications
by Ingo Wegener. reviewed by Lance Fortnow. This book is a monograph on Branching
Programsthat is quite comprehensie.

3. Net works in Distributed Computing (DIMA CS pro ceedings) Edited by Marios Mavron-
icolas, Michael Merritt, and Nir Shavit. Reviewed by Ivelin lvanov. This is a collection of
articles on Networks from a conferencein 1997.

4. Graph Theory and Its Applications by Jonathan Grossand Jay Yellen. Reviewed by
David Marcus. This is a text on graph theory which seemsto really presen applications as
opposedto lip service.

5. Graph Theory by William Tutte. Reviewed by Christopher G. Jennings. This is an intro-
duction to Graph Theory which is highly mathematical.

6. Data Re nemen t: Mo del-Orien ted Pro of Metho ds and Their Comparison by
Willem-P aul de Roever and Kai Engelhardt. Reviewed by Reviewer: Dan Hestand. This
is about the processby which an abstract model of a program gets transformed into a real
program.

7. In the last column William Gasard reviewed Pro ofs and Refutations by Lakatos. Included
in that review were someremarks about the relevancey of Philosophy of Math for theoretical
computer scientists. David Molnar disagreeswith someof what was said and was invited to
write a response. This is included, as well as a responseto the response.

I am looking 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
gasardics.umd.edulf you want more information about any of thesebooks, again, feelfreeto email
me. Reviewing a book is a great way to learn a eld. | have personally reviewed books and then
wert on to usewhat | learnedin my researdt.
Reviewsneedto bein LaTeX, LaTeX2e,or Plaintext.
Books on Algorithms, Com binatorics, and Related Fields

1. Randomizal Algorithms: Approximation, Generation, and Counting by Bubley.

2. Algorithm Design: Foundations, Analysis, and Internet Examplesby Goodrich and Tamassia.
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An Intr oduction to Data Structures and Algorithms by Storer.

Graph Colouring and the Probabilistic Method by Molloy and Reed.

Random Graphshby Bela Bollobas.

Geometric Computing and Perception Action Systemsby Corrochano.

Structured Matric es and Polynomials: Uni e d Superfast Algorithms by Pan.
Computational Line Geometry by Pottmann and Wallner.

Bioinformatics: The Machine Learning approach by Baldi and Brunak.
Computational Commutative Algebia by Kreuzer and Robbiano.

Algorithms Sequential and Parallel by Miller and Boxer.

Computer Algorithms: Intr oduction to Design and Analysis by Baaseand Van Gelder.
Linear Optimization and Extensions: Problemsand Solutions by Alevras and Padberg.
Number Theory for Computing by Yan.

An Intr oduction to Quantum Computing Algorithms by Pittenger.
Books on Cryptograph y

Foundations of Cryptography: Basic Tools by Goldreich.

Modern Cryptography, Probabilistic Proofs and Psuedo-randomnessby Goldreich.
Intr oduction to Crytopgraphy by Buchmann.

Secure Communicating Systems: Design, Analysis, and Implementation by Huth.
Elliptic Curvesin Crytography by Blake, Seroussi,and Smart.

Caoding Theory and Cryptograph: The Essentialsby Hankerson, Ho man, Lenoard, Linder,
Phelps, Rodger, and Wall. Intr oduction to Cryptography with Coding Theory by Washington
and Trappe.

Books on Complexit y and Logic

Models of Computation: Exploring the Power of Computing by John Savage.
Logic and LanguageModelsfor Computer Sciene by Hamburger and Richards.
Complexity and Information by Traub and Wersdulz.

Logic for Applications by Nerode and Shore.

The Classial Decision Problemby Borger, Gradel, and Gurevich.

Concurrency Veri ¢ ation: Intr oduction to Compositional and Noncompositional Methods by
Roewer, De Boer, Hannemann, Hooman, Lakhned, Poel, and Zwiers.



7. Set Theory for Computing by Cantone, Omodeo, and Policrit. Domains and Lambada-
Calculus by Amadio and Curien.

8. Derivation and Computation by Simmons.

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

. Randomization Methods in Algorithm Design.
. Multic hannel Optical Networks: Theory and Practice.
. Advancesin Switching Networks.

. Mobile Networks and Computing.
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. Robust Communication Networks: Interconnection and Survivabilit y.

Review of: Algorithmic ~ Geometry 2
by Authors: Jean-Daniel Boissonatand Mariette Yvinec
Translated by: Herve Bronnimann
Publisher: Cambridge University Press

Reviewed by E W Cenek, University of Waterloo

1 Overview

Considera setof points in the plane;isit possibleto divide the planeinto regionssothat ead region
is dominated by one of the points? Or, given a set of line segmets, is it possibleto enumerate all
the intersections? Given a set of points in d dimensions,is it possibleto calculate a polytop e which
has minimal volume but includesall the points? Can we determine the in uence of a set of objects
on a give space?

The ability to build and manipulate geometric objects e cien tly is required in many di erent
disciplines, including robotics, computer graphics, and medical imaging. While the rst casesof
constructive geometry can be traced bad to Euclid, the eld truly cameinto its own in the mid-
1970s,emergingeventually asa fully- edged scierti ¢ discipline. The authors presen this book as
an introduction to the eld, and cover many of the fundamertal methods.

2 Summary of Contents

The book is divided into v e parts, eat consisting of multiple chapters.

The rst part is dewted to the algorithmic tools which will be used throughout the book.
Thesetools include notions of complexity and basic data structures, and a discussionof both the
deterministic and random methods usedin geometry.

In two dimensions, a corvex hull of a set S of points is a convex polygon which contains
all points in S inside the polygon. Similarly, in three dimensions, a corvex hull is the corvex
polyhedron which corntains all points in S. This notion can easily be extended to corvex hulls
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in d dimensions, also known as polytopes. Every set of points has many possible cornvex hulls;
the interesting convex hulls is the one with minimum volume. Part Il - Convex Hulls consists
of one chapter which carefully and concisely de nes polytopes and corvex hulls mathematically,
followed by seweral chapters which discussmethods for nding convex hulls in the general caseof
d dimensions,and the more restricted 2 and 3 dimensional cases.The last chapter in this section
is dewoted to linear programming which is o ered both as an application of, and a solution for,
nding the polytope of a set of d-dimensional points.

Fundamertal objectsof geometry including polygonsand polyhedrons,are sometimesdescribed
in terms of elemenary objects with a bounded complexity. Triangulating an n-sided polygon, for
instance, results in a set of non-overlapping polygons, ead of which has exactly 3 sides, so that
their union is exactly the original polygon. Part 111 - Triangulations devotes Chapter 11to the basic
de nitions and combinatorics of triangulations in the generalcase. Chapters 12 and 13 discussthe
speci ¢ casesof 2 and 3 dimensionaltriangulations, respectively.

The arrangemen of a nite setof curvesor arcsin the plane is the decomposition of the plane
into regionsinduced by thesecurvesand arcs, sothat no arc passeghrough the interior of a region.
Part IV - Arrangemerns discussesthese arrangemens, rst by describing them for the general
d dimensional space (Chapter 14), and then considering the casesof line segmetms in the plane
(Chapter 15), and triangles in 3 dimensions.

Voronoi diagramsare usedto model objects and the distance betweenthem. The simplest case
is the casewherethe objects are points in the plane and the distanceis the usual Euclidean metric.
Then the Voronoi diagram divides the plane into regions so that ead region contains one of the
objects, and sothat for any other point in that region, the object inside the region is closerthan
any of the other objects. We can usethis, for instance,to model growth processesnd in particular
the placeswhere growth from two di erent origins begin to compete with one another. Part V -
Voronoi Diagrams discusseghese diagrams using both Euclidean (Chapter 17) and non-Euclidean
(Chapter 18) metrics of distance. Lastly Chapter 19 discusseghe speci cs of computing Voronoi
diagram in the plane, including a simple sweep algorithm for points, as well algorithms for line
segmers in the plane and points in two planes.

3 Opinion

The emphasisin this book is on providing a broad overview by at all times choosing to presert
the most general methods, and to describe those methods in generalterms. The particular topics
chosenare fundamertal to the eld, and pointers to extensionsareincluded with the bibliographical
notes at the end of eact chapter.

The authors have chosento concertrate on the principles underlying ead method rather than
detailing the implemertation. Thus the actual implemertation of the algorithms is left as an
exerciseto the reader. The amount of implemertation detail o ered in Part I, Chapter 2 (Tools -
Basic Data Structures) is somewhatgreater than in the following parts, but the amount of detail
presupposesthat the reader either already knows how to build thesedata structures, in which case
the chapter can be browsedfor a quick review, or that the readeris a competernt programmer who
can build the data structures fairly straightforwardly. For the readerwho hasno suc background,
the chapter does not contain enoughdetail to actually implement the data structures. However,
the readerwho can implemernt the data structures is well on her way to implemerting the methods
described throughout the rest of the book.

Review of



Branc hing Programs and Binary Decision Diagrams: Theory and Applications 2
Author of Book: Ingo Wegener
Series: SIAM Monographson Discrete Mathematics and Applications
Published by SIAM in 2000
$92.50
Author of Review:LanceFortnow, NEC Researt Institute
Note: This review was originally prepared for publication in SIAM Review.

When Wegenemwrote his 1986monographThe Complexity of Boolean Functions (Wiley-T uebner
Seriesin Computer Science,Wiley) he dewted his last chapter to Branching Programs, a compu-
tation model where a path is taken on an acyclic graph where ead node queriesan input bit and
that determines which edgesone can take. Over the intervening decadeand a half researt in
circuit complexity, which formed the bulk of the 1986 book, showed limited progressbut we have
seenconsiderablework in branching programs. Soit comesasno surprisethat Wegenerfocuseshis
current text on branching programs. Binary decisiondiagramsare just another namefor branching
programsthat cameout of the program veri cation community.

Branching programsgive a very simple view of a computational process.Though generalbranch-
ing programs can model any computation, somerestricted models have a nice combination of some
reasonablecomputational power combined with the ability to formally understand and manipulate
them. In particular Oblivious Binary DecisionDiagrams (OBDDs), where ead input bit is queried
oncein some previously xed order, share many nice attributes with nite automata, like quick
algorithms for minimalit y and equivalence. As the modelsincreasein complexity, we have a corre-
sponding increasein their computational power and a decreasein what we can understand about
them.

Wegener'snew book gives quite an extensive coverage of branching programs, covering the
various theoretical models and essetially all of the major and minor results about them. For
example,the book hasse\eral chapterson OBDDs giving many details of the algorithmic techniques
usedfor them. Wegenerdewtes an ertire chapter to the problem of nding a good order of the
input bits to minimize the complexity of the OBDD.

I nd the proofs understandable though | wish they leaneda little more toward the intuition
than the technicalities. The book is quite comprehensie in the proofsthat it gives. | wasa little
disappointed that the proof of my favorite recen work in branching programs, Ajtai's lower bounds
for depth-restricted BPs, was only given as a citation to Ajtai's hard to read paper but perhaps
the result wastoo recert to be fully included in this book.

The greatest strength of this book, its comprehensieness,is also its greatestweakness.If one
is searting for a speci ¢ result, | found the index of little use,and one had to try and guesswhich
section the result occurred. Once found, one has to read sewral other sections of the book to
understand the notation to really understand the proofs. Also the book seemso give equal weight
to all results, it is hard to get from the book an idea of the most important results in branching
programs.

For a seriousreseardier who dealswith branching programs, | do recommendthis book as a
referencebook. If you usethis book extensively you can follow most proofsand nd what you need
quickly. Howevwer, if you plan to just occasionally needa speci c result in branching programs it
might be easierto just track down the original paper.

I would only recommendthis book as a textb ook to complemen a lecturer who already had
familiarit y of the subject and give someintuitiv e understanding to the de nitions and proofs.

3 ¢ Lance Fortnow 2002



A practitioner who wants to, say, manipulate OBDDs for program veri cation, may nd this
book useful to get a theoretical understanding of the power of OBDDs and someof the general
tools one can useto create algorithms for them. But this book is clearly written by a theoretician
and signi cant work is necessaryto write code to implement the algorithmic descriptions given.

Overall, for aresearter interestedin branching programs/binary decisiontree, this books gives
a comprehensie view of the subject not really available in any other form. To seard, learn or
implement from this book requires somee ort but you will likely nd the information you need
from it.

Review of
Net works in Distributed Computing
DIMA CS Series in Discrete Mathematics and Theoretical Computer Science volume 45 4
Published by AMS, $39.00, 1998
Edited by Marios Mavronicolas, Mic hael Merritt, and Nir Shauvit.
American Math Society

Reviewer: lvelin lvanov

1 Overview

The DIMA CS Workshop on Networks in Distributed Computing was held October 27-29,1997, at
Rutgers University, in Piscavay, New Jersey The primary goal of the workshop has beento bring
together researtiers from both industry and academiainsterestedin issuesrelated to networks as
they appear in the context of distributed computing. Examples of particular problemswhich have
beenaddressesare ATM networking technology, routing and o w control in modern communication
networks, servicepricing, security, optical networking, managemem of Internet, mobile computing
and formal veri cation of communication protocols.

2 Content Summary

This book includes9 of the papers preseried at the workshop. Short summary of ead one follows.

"Scalable group membership servicesfor novel applications" This paper preseris a new network
ow cortrol scheme called "virtual credit", which builds on and improvestwo successfullyused
schemesin the ATM industry - the credit basedand the rate basedschemes. The main advantage of
the credit basedsdhemeis its very low cell lossrate, while its main disatvantageis its implementation
complexity. One the other side, the main advantage of the rate basedschemeis its simple switch
architecture, while its main disadvantage is the higher cell lossrate. The proposedvirtual credit
scheme allocates resourcesmore e cien tly than the original credit based scheme and it is also
enableseasierpolicing of sessionthan the rate basedsceme.

"Scalable Group Memebership Servicesfor Novel Applications” Group communication is essen-
tial for the modular designof gropware and other multi-user applications in wide area networks.
This paper proposesa new architecture for a scalablegroup membership servicefor sud ernviron-
mernts. Its client-server architecture providestwo levelsof servicesand their sematrtics, ead geared
to di erent applications with di erent needs.It allows lightweight clients to bene t from advanced
membership services,while allowing sud thin clients to coexistancewith full- edged clients.

4 ¢ Ivelin Ivanov, 2002



"Implementing an Eventually-Serializable Data Serviceasa Distributed SystemBuilding Block"
ESDSdealswith replicated objectsthat allow the usersof a serviceto relax consistencyrequiremerts
in return for improved responsivenesswhile providing guarantee for of evertual consistencyof the
replicated data. This paper o ers an optimized implementation of ESDS. The proposedalgorithm
is givenin terms of /0O automata.

"Frequency Assignmert in Mobile and Radio Networks" This paper usesgraph theoretic and
optimization techniguesto o er seeral on-line algorithms for solving the NP-complete problem of
frequency assignmen in mobile networks. It studiesthesealgorithms e ciency and lower bounds.

"On Limited Wavelength Conversionin Optical Networks" Optical wavelengthrouting networks
are based on wavelength division multiplexing (WDM) transmission technology and on optical
switching. WDM allows for transmission of multiple streams on a single b er by sending eath
stream using a laser emitting light at a di erent frequency This paper surveysrecert results on
the bene ts of limited length corversionin WDM ring networks. It focuseson one of the most
fundamertal network-level problems: designand allocation of resources,or more speci cally, the
allocation of wavelengHs to lightpaths.

"UNITE - An Architecture for Lightweight Signalingin ATM Networks" Modern communica-
tion networks needto support a wide range of applications with diverserequiremerts. Network
technologiesthat were traditionally designedand optimized for speci c communication services
are ewlving towards accomalating this diversity on a single integrated communication infrastruc-
ture. One dicult y with ATM signalig is the inextricable connection between basic connectivity
and Quality of Servicemanagememn This paper proposesa new lightweight architecture which
separatesconnectivity from QoS cortrol.

"Timing Based Connection Managemen" Connection managememn protocols coordinate the
establishmen and releaseof a connection betweentwo hosts acressa wide-areanetwork to allow
reliable messagedelivery. This papers surveysrecert work that studies the preciseimpact of the
level of sunchrony provided by the processorsclocks on the performanceof connectionmanagemen
protocols, under commonassumptionson the pattern of failures of the network and the host nodes.

"Cryptographic Authentication for Real-Time Network Protocols" This paper describesa new
security model and authentication schemefor distributed, real-time network protocolsusedin time
syndronization and event scheduling applications. It outlines the designrequiremerts of thesepro-
tocolsand why theserequiremerts cannot be met using corvertional cryptography and algorithms.
It proposesa new design called autokey, which usesa combination of public-key cryptography
and a pseudo-randomsequenceof one-way hash functions. Autok ey has beenimplemented for the
Network Time Protocol.

"Path layout in ATM Networks - A Survey" This paper preserts a model for the theoretical
study of virtual path layout in ATM networks. The model amoounts to covering the network with
simple paths, under various constraints.

3 Conclusion

This book is a compilation of the most interesting papers presenied at the DIMA CS workshop on
Networksin Distributed Computing heldin 1997,at Rutgers University. The papersusea rigourous
style, while combining theoretical work and experimantal results targeted to practical applications.

It istargeted to the academicand industry professionalsvith advancedknowledgeon distributed
computing who seekto update their expertise with the latest researt work.



Review ° of
Graph Theory and Its Applications
Authors:  Jonathan Gross and Jay Yellen
Publisher: CR C Press, 1999
$75.00, 592 pages
Review ed by: David J. Marcus, CEO, M5 Consulting, Inc. djmarcus@mb5inc.com

1 Overview

With the advent of computers, graph theory is well on its way to taking certer stage along side
computer science.It hasewlved from a collection of disparate topics into a cohesiwe framework.

The authors set out to collect the assaiated techniques, analytical tools, and applications, and
transform them into a uni ed mathematical methodology. The book covers a wide range of topics
ranging from basic principles to applications suc as: Printed Circuit Boards, Parallel Computing,
Register Allo cation for Compilers, and many more. Emphasisis on the conceptualrather than the
rigorous. Algorithms are presenied in pseudo-cale which is programming languageindependent
and high-level. This approacd makesit easyto follow the essencef the algorithm without getting
boggeddown in programming details. It also providesthe programming devotee an opportunit y to
excelin translating the pseudo-cale into real programs.

The book covers graph theory in two groupings. The rst six chapters concertrate on general
topics sudch as basic graph properties, modeling, and represeination. This material is common to
most graph theory contexts and thus servesasa foundation for the remaining sectionsof the book.
While most of the material assumeso prerequisites,somefamiliarit y with discrete mathematicsis
helpful. The latter chapters (7 - 15) branch out and focus on more speci ¢ topics of interests such
as graph coloring, networks, etc.

2 Summary of Contents

2.1 Ch. 1, 2: Mo dels, Structure and Representation

These preliminary chapters introduce graphs and their properties. They are overwhelmingly
full of terminology de nitions. The reader becomesfamiliar with edges(directed and undirected),
vertices (degree, adjacency etc), families of graphs (complete, bipartite, regular, etc), compo-
nents/subgraphs, paths/cycles (Eulerian, Hamiltonian, etc), and soon. In addition, the readeris
introduced to graph operations sud as insertion/deletion of edgesand vertices, detecting graph
isomorphism, and others.

After the rst two chapters the readeris well versedin the basicsof graphs. The exercisesat the
end of ead section provide ample opportunit y for the readerto gain the "hands-on" experiencein
order to build the essetial intuition which is so necessaryfor the later chapters.

5 ¢ D. J. Marcus, 2002.



2.2 Ch. 3, 4: Trees

These chapters intro duce the fundamertal concept of a tree - a connectedgraph with no cycles.
The book de nes and derivesthe key properties of a tree T with n vertices:

1. T is connected.
2. T contains no cycles.
3. Givenany two verticesu and v of T, there is a unique u-v path.

4. Every edgein T is a cut-edge, and its deletion results in a subgraph having exactly two
componerts.

5. T contains exactly n 1 edges.
6. T contains at leasttwo verticesof degreelif n 2.
7. Adding an edgebetweentwo vertices of T yields a graph with exactly one cycle.

The readerbecomedamiliar with the commonly acceptedtree terminology: depth/lev el of a vertex,
tree height, parent/c hild vertices, siblings, leaf vertices, etc. The topic of binary treesis correctly
given special consideration consideringits generalusefulness.Tree courting, binary tree traversal,
binary-seard trees, and priorit y trees are introducedin chapter 3, while chapter 4 coversin great
detail the conceptof spanning trees and their assaiated operations.

2.3 Ch. 5, 6: Connectivit y and Traversal

These chapters cover the important topics of vertex and edgeconnectivity, constructing reliable
networks, max-min duality (and Menger's theorems), block decompsitions, Eulerian trails/tours,
DeBruijn sequencesHamiltonian paths/cycles [Hamiltonian-t ype problems are classi ed as NP-
hard], and related topics sudc as Gray codesand the infamous traveling salesmanproblems. The
material is fast paced and is necessarilymore di cult than the earlier chapters, howewver, that
burden is easedsomewhatdue to the many good illustrations accomparying the text.

24 Ch. 7 - 15: Applications of Graph Theory

While the earlier chapters covered the broad spectrum of graph theory basics, within these
chapters, the book shifts gearsinto more specialized applications of graph theory. The readeris
introduced (tak e a deepbreath as you read the following list) to: graph operations/mappings (bi-
nary operations, linear mappings, network modeling, graph transformations, etc), graph topologies
(projections, imbeddings, surfaces,spheremaps, etc), planarity of graphs (Kurato wski's theorem),
graph coloring (vertex, edge,map), network o ws, graphical enrumeration, and algebraic speci ca-
tion of graphs.

As is evident, thesechapters cover a lot of material. Their inclusionis signi cant of the enormous
value and applicability of graph theory. For the reader interested in greater depth on any of
thesetopics, a rich bibliography is preserned for eat chapter. The citation referencesange from
"ancient" referencego fairly modern.



Here is a taste of the contents. Considerthe book's treatment of one of the landmarks of graph
theory: Kuratowski's (circa 1930)characterization of planarity in terms of two forbidden subgraphs,
Ks and K 3.3 (Section 9.3, pages314 - 320).

De nition: Any graph homeomorphicto either Ks or K 3.3 is called a Kuratowski subgraph.
Theorem: A graphis planar if and only if it contains no sulgraph homeomorphic to Ks and K 3.3.

The proof outline is as follows:

- Establish that K5 and K 3.3 are both nonplanar. Thus cortaining no Kuratowski subgraph
is a necessarycondition for planarity. It then remains necessaryto prove the "su ciency"
requiremert.

- Demonstrate by cortradiction. Assumea courter example and selectthe one with the min-
imum number of edgesamong all counter examples. The strategy becomesone of deriving
someproperties that this courter example would have to have which ultimately exposesthe
cortradiction.

The authors presert 3 elegan stepswhich lead to the corntradictions:
1. Show that the minimum counter examplewould have to be simple and 3-connected.

2. Shaw that the minimum counter examplewould have to contain a cycle with three mutually
overlapping appendages.

3. Shaw that any con guration comprising a cycle and three mutually overlapping appendages
must contain a Kuratowski's subgraph.

The details are well organized, replete with visualizations. Even if the reader is not able to
follow every detail of every step, the essenceof the proof is easyto follow.

3 Opinion

The book is generally well-written. | believe the authors have done a good job of meeting their
stated goals. It is an excellert book if the readeris looking for a comprehensie fast-pacedbook
on graph theory that is not heavy into rigorous proofs. Someof the theorem proofs are actually
single line proofs while others are a hand-waving "Outline of Proof". The book can serwe as both
a teaching tool as well as becominga well-worn referencebook for the practitioner. Nevertheless,
someof the well-earnedkudos are:

- The text is easyto read. It allows the userto focus on content rather than deciphering
verbiage.

- The gures/diagrams are well thought out and equally well preseried.

- The progressionof material is logical and well thought out. The authors do an excellert job
of covering the prerequisitesbefore reaching any topic. This allows the book to be used for
both an undergraduate coursein graph theory aswell as a graduate level course.
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- The exercisesat the end of ead section of ead chapter are well organizedin terms of level
of di cult y aswell as progression. Solving an earlier problem often suggestthe approad to
a later problem.

- While the coverageof any singletopic is not exhaustive, giventhe constraints of the book (in
overall size), they cover a remarkable amourt of material.

Having extolled the virtues of the book, it is only proper to point out someof the de ciencies.

I would have liked to seethe book cortain solutions to the even (or odd) numbered problems at
the end of eath section. From the title of the book, it is clear that the authors intend the reader
to have a hands-on experience. Being able to solve problems is key to mastering the material.
As noted in the kudos above, the progressionof the problemsis well done, however, if the reader
stumbles on any of them, the remaining problems may be out of reach. Had the authors provided
answersto alternating problems (or at leastto selectedproblems), the userwould usethe answers
asfeedbadk. It would greatly enhancethe absorption of the material.

The book goesoverboard in de ning terms (seemslik e thousandsof them), many of which seem
of little value. For example, on page 57 the authors o er as a "de nition" the words "Adding a
vertex". From the explanation it is clear that they are referring to the act of adding a vertex to
a graph. This hardly merits a formal "de nition". In fact, the book is cluttered with terms and
de nitions that are usedrarely (typically only in the de nition itself).

In somecasesthe connection betweenderivation stepsare not at all obvious and could bene t
from somemore explanatory text. For example, in section 3.4 "Counting Binary Trees: Catalan
Recursion" (pages104-106),there is a very clever derivation that The number b, of di er ent binary
treeson n verticesis given by

o= gl 7 )
Step (a) of the derivation de nes a generating function, g(x) = &:0 bex¥, for the number by, of
di erent binary trees. It statesthat

1+ x[g(x)]* = g(x)
It turns out that this innocert little formula can be derived through a tortuous number of steps
involving:

- An unnumbered formula near the top of the page (105)
bh = bply 1+ bbby 2+ i+ by 1bp

Squaring the expressionfor g(x) and grouping terms

Recognizingthat the (n 1)th term matchesthe unnumbered equation near the top of the
page (hencethe label geneating function)

Multiplying ead term by x and adding 1 to make the n!" term match

Comparing against the de nition of g(x) to seethat the generating equation holds.

While experiencedreadersmay think that all thesestepsare obvious and readily apparert, | suspect
that many readerswill stumble here. More likely, they will take the authors' word for the equation
and miss out on the beauty and eleganceof its derivation and technique used.
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The book is full of unnumbered equations. In most caseghe lack of numbering is not a detriment,
but in othersit can interfere.

A glossaryis provided at the end of ead chapter throughout the book. The glossaryprovides a
very brief de nition of the terms introduced in the chapter. While useful, the glossaryitems lack
a referenceto the pagewhere the term was rst introduced. As it stands, the reader is forced to
locate the pagevia the index of the book (which is very complete) which tends to minimize the
value of the glossary Furthermore, the glossarysectionitself within ead chapter doesnot show up
in the table of contents. Theseunfortunate shortcomingsgreatly diminish the value of the glossary
sections.

Review of Graph Theory ©
Author of Book: William T. Tutte
Publisher: Cambridge University Press
Year: 2001, Price: $31.95,Pages: 333
ISBN: 0-521-79489-7
Author or Review:Christopher G. Jennings  McMaster University  cjennings@acm.org

This title forms volume 21 in the Encyclopedia of Mathematics and Its Applications, edited by
Gian-Carlo Rota of MIT. It wasoriginally published in hardbadk in 1984by Addison-Wesley;this
is a softcover edition of the samecontent. Tutte was an excellert choice as author: as one of the
pioneersof graph theory, his unique perspective of what wasthen 45 years of experienceresults in
a coherert organization of what might otherwise be a disparate collection of theorems.

According to Rota, the encyclopedia seriesis aimed for the nonspecialist with the hope that
it will encouragea wider use of mathematics in problem solving. This statemert reminds me of
something Donald Knuth once said of The Art of Computer Programming in an interview. Knuth
explained that he had tried to write the seriesso that it could be understood by nonspecialists,
which had resulted in a work that was understandable by specialists. If he had not done it that
way, he said, no one would have beenable to understandit. Giventhat the scope of this seriesis
all of mathematics, onewondershow the term nonspecialist ought to be de ned. In the caseof the
presert volume, at least, a fairly strong mathematical badkground is required, although no previous
knowledge of graph theory is needed.It should be accessibleo an advancedundergraduate who is
willing to put in an e ort.

The graph theory groundwork is laid down in the context of connection and edge deletion
and contraction in electrical circuits in the rst two chapters (including Menger's Theorem). The
next two chapters deal with 2-connection and 3-connection. The fth chapter deals with the
reconstruction problem, that is, the properties that can be inferred about a graph if we delete
one of its vertices. The sixth chapter delvesinto digraphs (including the Matrix-T ree Theorem)
and Kirchho 's Laws. The next three chapters discusscursality and alternating paths, cyclesand
coboundariesin the context of algebraic duality, and recursive graph functions (map-colourings).
The remaining two chapters build a theory of graph planarity derived from combinatorial axioms.
The important technique of using bridges to simplify the construction of proofs, which was rst
introducedby Tutte, is put to good usein these chapters.

The breadth and depth of coveragemakes Graph Theory a self-cortained book that builds a
solid foundation in the subject. Starting from rst principles, it builds to a point where a dogged

5 ¢ Christopher Jennings,2002

12



readeris well preparedto tackle researt papers. It includesa good sprinkling of exerciseqthough
no solutions) and extensive references.One could hardly ask more of such a book.

The only complaint | might lodge is that, for a volume in an encyclopedia that emphasizes
applications, this title keepsthose applications in the badground. While the organization of the
material tends to be around applications in an abstract sense,the text itself generally does not
make these applications explicit. More badkground on those applications might have made this
book more accessibleto the nonspecialist audienceit is aimed at.

Certainly it is not a book on directly applying graph theory to computer science.The focusis
on properties and theoremsrather than algorithms. While worthy of study in its own right, this is
not the placeto start if you're looking for a graph algorithm to solve a problem with a programming
project. Instead you should seekthe help of a book suc as Graph Theory and Its Applications
(also reviewed in this issue),to which this book would make an ideal complemert.

Indeed, this is a mathematics text in the classicalstyle: denselypadked with important details
that must be dug out by carefully working your way through the theoremsand their proofs. Sud
an approad is not for everyone; many peopleprefer a style with more hand-holding. However, this
givesit the advantage of serving well asboth a learning tool and a reference.And in the long run,
the extra work it requirespays o with a deeper and more permanert understanding.

Graph Theory is a cohesiw introduction to a eld whoseimportance has blossomedin tandem
with the rise of computing. Preseried with passionand vigor through the eyesof one of its most
respected practitioners, it brings together all of the most important results in a way that gives
them a meaningand relevancethat no oneelsecould have provided. Its reputation asthe de nitiv e
volumein the eld is well-desened, and it is worth the e ort required to work through it.

Review of
Data Re nemen t: Mo del-Orien ted Pro of Metho ds and Their Comparison ’
Cambridge Tracts in Theoretical Computer Science #47
Willem-P aul de Roever and Kai Engelhardt
Cam bridge Univ ersity Press, 1998, $80.00

Reviewer: Dan Hestand

1 Overview

The creation of executablesoftware products is a stepwise re nement of an abstract model into a
more concrete model with ead step adding more detail. At ead step we start with an abstract
operation and end with a concreteoperation. Examples of this include generation of requiremerts
from a Use Case,sourcecode generationfrom a model, and the generationof executablecode from
sourcecode. In all cases,the re nement step involves sometransformation of the model. If we
are concernedwith the correctnessaspects of our product then we must ensurecorrectnessat eadh
step during the re nement. In practice, this may be nearly impossiblefor all but the simplest cases
and in somestepswe may have no adequatetheory of formal correctness. Other factors sud as
resource,schedule, and budget constraints may limit the amount of veri cation activities applied
during a project. Furthermore, simply proving correctnessat ead step is not su cien t sincethe
transformation may not generatea new concrete model that is an accurate represemation of the
prior abstract model.

¢ IONA Tedhnologies, PLC, 2002, All Rights Resened
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There are, however, techniquesfor decreasingthe amourt of e ort required to show correctness
of amodel after sometransformation. One sud techniqueisto show correctnessat the abstract level
(generally an easiertask), shaw that the transformation step presenescorrectnessthen correctness
of the concretelevel is ensuredby construction. This is the the subject of Data Re nement: Model-
Oriented Proof Methods and Their Comparison. This monograph dealswith the conceptsof data
re nement and proof of data re nement through simulation in two parts. Part 1 is an exposition
of the theory of data re nement and simulation. Part 2 shows how the most common methods for
formal veri cation of software (such as VDM and Z) embody the conceptsexhibited in Part 1.

The topics coveredin Part 1 lay the groundwork for understanding data re nement and simula-
tion from a detailed theory viewpoint. The certral result of this part is the expressionof simulation
veri cation conditions as Hoare triples. This result applies whenewer the abstract operation is a
speci cation statemert. The topics discussedin this part are

Intr oduction to Data Re nement - what data re nement is and what it seeksto achieve.
A very brief history of the dewelopmen of the data re nement conceptsis also preserted
indicating someof the key players.

Simulation as a Proof Method for Data Re nement - de nition of simulation as an e ective
proof method for data re nement. Abstraction relations are introduced as the means of
moving from abstract operation to concrete operation and badk. Four types of simulation
arealsodened: L,L ! U, and U 1. Soundnessand incompletenessof L are shavn. The
chapter endswith an introduction to VDM and Reynolds' Method in the context of simulation
asjust de ned.

Relations and Recursion - de nition of sometechnical machinery for the useof binary relations
required for later chapters. Recursionis discussedin the context of the -calculus of Scott,
deBakker, and Park.

Properties of Simulation - study of the di erences betweenthe four types of simulation. Of
particular importanceare the di erencesthat a ect the concatenationof simulation diagrams.
Data invariants are shown to be crucial for converting the partial abstraction relations to total
relations. This result is required to showv soundnessof simulation.

Notation and Semantics - notation for expressingdata re nement is introduced. Interpre-

tation functions are de ned for predicates, abstraction relations, Hoare-slyle assertions,pro-

grams, relational terms, and correctnessformulae are de ned and discussed.Additionally , a

toy programming languageis de ned along with its semariics for usein the later discussions
on Hoare logic.

A Hoare Logic - intro duction and discussionof a Hoarelogic with a minimal number of axioms
for simpli ed soundnessand completenessproofs. This is preparatory material for shawing
that data re nement proof obligations for a pair of operations (one abstract, one concrete)
can be reducedto a Hoare triple.

Simulation and Hoare Logic - core chapter of the rst part of the book. For the four typesof
simulation, the authors shav how two operations and an abstraction relation can be reduced
to a singleHoaretriple. The statemert and proof of a normal form theorem for speci cations
is given for L-simulations.

14



An Extension to Total Correctness - extension of the Hoare logic to total correctness. Re-
formulation of the theory is required sincethe prior partial correctnessinterpretation ignores
non-terminating states (including blocked states). Complete partial ordersare introducedto
assistin dealing with the non-terminating states and the semariic interpretations given in
chapter 5 are recastwith the new framework.

Simulation and Total Correctness- complications in using simulation arising from the intro-
duction of the total correctnesssemarnic model are dealt with by extending the soundness
and completenesgesults to total correctness.

Re nement Calculus - the essenceof simulation, mapping state setsto other state setsis
recast from the binary relations usedin the prior chapters to predicate transformers. The
connection between binary relations and predicate transformers is made and the soundness
and correctnessof predicate transformersis shown in both partial and total correctnessset-
tings.

Part 2 shaws how the theory in Part 1 is embodied by commonly usedmethods of verifying software
and includes

Reynolds' Method - connection between Reynolds' four-point recipe for constructing con-
crete programsfrom abstract onesand simulation is shonvn using an extendeddirected graph
example. Re nement in Reynolds' method is program re nement. The main result is that
Reynolds'recipeis essetially L-simulation but with changesrequiredto adapt his veri cation
conditions for expressionsand operations. The authors admit that they are not rigorous in
proving their claim becausethere is somesubjectivit y required to interpret Reynolds' Method
in the context of simulation, but this doesnot seemto a ect the overall result.

VDM - Vienna Data Method (VDM) is introduced through speci cation of a dictionary.
The authors shav that the data re nement stepsin VDM imply L-simulation with total
correctness.Re nement in the VDM is re nement betweendata types.

Z, Hehner's Method, and Back's Re nement Calculus - three methods are presened in survey
form to show the corresppndence between them and data re nement. Z is shown to be
equivalent to VDM when consideredin the context of data re nement. Hehner's Method
intro ducesthe notion of data transformerswhich corresppndsto atotal L-simulation relation.
Back's Re nement Calculus is basedon predicate transformer semartics and when con ned
to conjunctive operations is shovn to be equivalent to L-simulation under total correctness.

Re nement Methods Due to Abadi and Lamport and to Lynch - re nement mappings are
de ned as total abstraction functions combined with the use of auxiliary variables such as
history variables and prophecy variables. Thesere nement mappingsare usedby Abadi and
Lamport to prove re nement betweenconcurrert programs. The authors restrict themsehes
to non-deterministic sequetial programs for showing the corresppndencebetweenthe Abadi
and Lamport methods and data re nement. Lynch's possibility mappingscombine simulation
with prophecy variables and these are showvn to be equivalent to L-simulation after proving
isomorphism between functions mapping concrete state spacesto abstract state spacesand
relations mapping the same.
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2 Opinion

The authors indicate that they usethis book asa classramm text for advancedundergraduatesand
beginning graduate studernts and that a minimal knowledge of Hoare logic is required. My feeling
is that the advancedundergraduate should have a high level of mathematical maturit y to properly
appreciate the material in the book. The exercisesare numerous and of sucient dicult y to
provide a challengeto most studerts.

The pagesseparating Part 1 and Part 2 of the book contained photographs of some of the
luminaries in the eld of data re nement and simulation. The inclusion of these photographswith
somehistorical text was a nice touch. When | am lost in the depths of details, it is easyto lose
sight of the fact that the tools, techniques, and conceptsusedto simplify our understanding are
not just sterile data, but the result of the hard-work and insight of gifted and tenacious people.
Having an image to assaiate with a name in the bibliography makesthe material come alive for
me.

I truly enjoyed reading this book. One getsthe senseof enthusiasmthe authors have for the
subject matter despitethe density of theoremsand proofs. For me, the proofswerevery enlightening
asthey provided guidelinesfor how to go about conducting proofsin this subject. The heary useof
examplesand the whole of Part 2 of the book provide the often neglectedconnectionof theory with
the real world. As a commercial software consultant, |1 can usethe lessonsprovided in this book
in my practice, either personally or directly for the bene t of my customers.| heartily recommend
this book for anyoneinterestedin any aspect of formal veri cation of software.

Response to Review of \Pro ofs and Refuations by Lakatos"
Original review by William Gasarch
Response by David Molnar

| agreewith the "Opinion" sectionof the Decenber 2001 review of Proofs and Refutations that
philosophy of mathematics is important for theoretical computer science,but | do not believe that
the reasonsgiven are the strongest possible. The author & states that every computer sciertist
should have a "nodding acquaintaince" with the philosophy of mathematics, because'it is helpful
to realize we have assumptionsand what they are." Then the author cites as examplesquestions
concerningalternativ e de nitions for NP-completenessand zero-knowledgeproofs. The implication
seemsto be that these are researt questionsthat might be raised by exposure to philosophy of
mathematics, therefore philosophy of mathematics is valuable to theoretical computer sciertists
as a potential sourceof researt questions, especially concerningde nitions. While philosophy of
mathematics may be su cien t to raise such questions,it is not clearto methat it is necessary We
should look for cortributions philosophy might make which would not comefrom computer science
alone.

Both of the questionsmertioned in the review have been investigated in somedepth. | will
addressthe secondquestion.

The secondquestion concernsparallel composition and zero-knovledge proofs, speci cally the
guestion of whether the de nition of "zero-knowledge" should be amendedto accourt for the fact
that the parallel graph isomorphismprotocol is neither known to "leak knowledge" nor is provedto
be "zero-knowledge." This seemslike a natural question, with an immediate practical motivation
{ executing all rounds in parallel increasesthe e ciency of the overall protocol, yet how do we
know that this more e cien t protocol will still be "secure?" Even without exposureto philosophy

8here and following, "the author" refersto the author of the review, William Gasarc, not to the author of the
book, Imre Lakatos.
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of mathematics, this is not a happy situation. Therefore| believe this question would have arisen
even without the desired"nodding acquairtance.”

Cryptographers respondedin at leasttwo ways to this problem (I apologizefor omissionshere).
Feigeand Shamir intro duceda new de nition of "witness-indistinguishable" protocolsand shaved
that the parallel graph isomorphism protocol met this de nition[1]. In fact they wert further and
showed that the classof withess-indistinguishableproto colswas closedunder parallel composition.
Goldreich and Krawczyk, on the other hand, showed that the 3-round parallel graph isomorphism
protocol could not be black-box zero knowledge, unless graph isomorphism is in BPP (which it
is believed not to be)[2]. Both approadestest the limits of the de nition of “"zero-knowledge."
Indeed, much recert work in cryptography concernsnew de nitions and testing the limits of old
de nitions. Were these results motivated by philosophy of mathematics or instead by concerns
more "internal” to cryptography? Would they exist even if Pro ofs and Refutations had newver
beenpublished?

Philosophy of mathematics might have more force in helping us interpret the results of existing
researdr. Pro ofs and Refutations discusses'monster” courterexamplesto theoremsand the
status of a theorem after sud courterexamplesare found. For another examplefrom cryptography,
Canetti, Goldreich, and Halevi shavedthat the "random oraclemodel” for proving protocolssecure
in cryptography hasa disturbing feature[3]. There are cryptographic protocolswhich can be proved
"secure" in the random oracle model yet provably have no secureimplemertation in the "real"
world. At the sametime, these protocols can be considered"monsters,” very far removed from
anything we would ever expect in practice. Then the question is "giv en this result, what doesa
proof in the model mean?"

In addition, philosophy of mathematics might help explain the phenomenonof equivalent def-
initions. The classof regular languagescan be characterized by regular expressions,DFAs, logic,
Boolean circuits, or by monoids (for a start). All thesede nitions seemto capture the sameobiject.
Why should this be so? We might also look to philosophy of mathematics to help us ajudicate
betweentwo incomparablede nitions for the sameintuitiv e concept. Each of thesequestionsseems
both of interest to theoretical computer scienceand closely connectedto philosophy.

One nal note: what is the placefor "foundationalist” philosophy of mathematics in the "nod-
ding acquairtance” every computer sciertist should have? The review restricts itself only to the
philosophy connectedwith the book under review, asis proper. | would be interested to know,
howewer, the author's views on how widely this acquainance should range.

[1] U. Feigeand A. Shamir. Witness Indistinguishabilit y and Witness Hiding Protocols. In 22nd
STOC, pages416{426,1990.

[2] O. Goldreich and H. Krawczyk On the Composition of Zero-Knowledge Proof Systems. SIAM
Journal on Computing vol 25 number 1

[3] O. Goldreich and R. Canetti and S. Halevi. The Random Oracle Model, Revisited. In STOC
‘98 ACM Press1998

Response to the Response
by William Gasarch
In David Molnar's responseto my review he writes:
\While philosophy of mathematics may be su cien t to raise such questions,it is not clear to
me that it is necessary
| agree(so much for getting a controversial discussiongoing). Howewer, | still maintain that
Philosophy of Math is helpful and that Lakatos's book is a good place to learn some. The reason
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why Lakatos's book in particular is a good placeis that it focuseson onetheoremin math (Euler's
formula for polyhedra) which is hard enoughto be interesting, easyenoughto be understood, and
has enough historical value to be enlightening.

David Molnar also writes:

\I would be interestedto know, howewer, the author's views on how widely this acquairtance
(with foundationlist issuesin math) should range."

| think computer sciertists (and mathematicians) should know enough about foundationalist
issuesto realize that the way math conceptsare de ned is not sacrosanct. For this purpose, a
discussionof how a function should be de ned (culminating in Dirchlet's notion which is now
standard) would be enlightenting.
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