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Pearls in Graph Theory: A Comprehensive
Introduction. By Nora Hartsfield and Gerhard
Ringel. Academic Press, Boston, 1994. $39.95.
249 pp., hardcover. ISBN 0-12-329553-4.

A “pearl” of mathematics is something of beauty
and value—a theorem, a proof, a problem, ot just
an example—that delights, inspires, or surprises.
The field of graph theory is replete with pearls
of great variety, and Hartsfield and Ringel have
collected many in this wonderful book. (This
wide variety suggests that pear! may not be the
most descriptive word; jewel or gem might be
better, but we will not argue that point.)

Since Pearls was written to be a textbook for a
course in graph theory, let me begin by reviewing
briefly the case for such a course:

o graphs combine the concrete with the ab-

stract in a way that appeals to students;

o graphs are interesting both in their own right
and as mathematical models;

o graph theory allows students to discover re-
sults and to learn a variety of proof tech-
niques;

o graph theory is at the heart of modem ap-
plied mathematics: operations research, al-
gorithms, and complexity theory;

o graph theory has important connections
with other areas of mathematics.

Thus graph theory provides a superb way for
students to learn mathematics as they have never
done before, through discovery and proofs. Itcan
serve both as a transition to higher mathematics
and as an end in itself, and can be offered at var-
ious levels.

Based on their experience, Hartsfield and
Ringel advocate a course requiring little
background—only strong high school prepara-
tion and an interest in mathematics. This gem-
filled book was written for such a course.

Pearls contains a good selection of topics,
chosen not only for their level but to meet the
discovering-and-proving goals. Here is a brief
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list of the contents of the ten chapters: basic
concepts, colorings, circuits, extremal problems,
counting, edge-labelings, applications and algo-
rithms, drawings, measures of nonplanarity, and
embeddings.

Themes that prevail are colorings, decomposi-
tions, and especially embeddings, reflecting the
authors’ own research interests. The last chap-
ter, on embeddings, is at a more advanced level
than the others. In fact, it would be a good start-
ing place for anyone wanting to study graphs on
surfaces in depth.

The level of the book requires that some of
the finest pearls of graph theory be omitted; for
instance, there is nothing on matrices or automor-
phism groups. Additionally, some topics ideal for
this level are also missing; tournaments, connec-
tivity, and line graphs come to mind.

For many readers of this publication, the chap-
ter on applications and algorithms will be of
particular interest. These topics do not feature
prominently in the book, but this chapter pro-
vides a good introduction. The three algorithms
presented are for finding minimum connectors,
maximum matchings, and prefix codes. While
these provide nice variety, again, some real gems
are missing, including an algorithm for finding
shortest paths.

The exercises are another strong feature of the
book. There is a wide variety of problems, some
asking only for straightforward computation of
parameters, some asking for proofs (at various
levels), and some being exploratory in nature.
Even for courses for which the book is at too ele-
mentary a level, instructors will find the exercises
a valuable resource.

In summary, for a course at an elementary
level, this book has much to offer. Instructors
with experience in graph theory can substitute
and supplement it to meet their needs, while in-
structors with little or no background in graph
theory will find Pearis both teacher- and student-
friendly.

LoweLL W. BEINEKE
Indiana University-Purdue University
Fort Wayne
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Adapted Wavelet Analysis from Theory to
Software. By Mladen Victor Wickerhauser.
A. K. Peters, Boston, MA, 1994. $59.95.
Xii-+486 pp., hardcover. ISBN 1-56881-041-5.

Although wavelet analysis is a very young re-
search area of mathematics, it is perhaps the rich-
est and most rapidly developing subject in the
field of applied and computational analysis. Al-
though there are already several popular mono-
graphs in the literature devoted to this subject, the
book under review is the first one that goes be-
yond the mathematical treatment to aid those who
write computer programs to analyze real data. It
addresses the important properties of the wavelet
transform so as to establish the criteria by which
the proper analysis tool may be chosen, and it then
details the software implementations for compu-
tational needs. On the other hand, this book is
rather self-contained, including even the neces-
sary preliminary materials, such as mathemat-
ical analysis in Chapter 1, programming tech-
niques in Chapter 2, and the discrete Fourier
transform in Chapter 3. Chapters 4-10 are de-
voted to the algorithmic approach of wavelet
analysis, and the final chapter includes applica-
tions to image compression, speech signal seg-
mentation and scrambling, and signal de-noising.
In addition, an extensive appendix, giving solu-
tions of selected problems in Chapters 2 and 4-9,
as well as several tables of filter coefficients, is
included.

The presentation of wavelet analysis in Chap-
ters 4-10 is different from those in the exist-
ing wavelet books, such as {1, 2, 3]. Since the
discrete Fourier transform has already been re-
viewed in Chapter 3, the subject of localized
trigonometric series (or local trigonometric trans-
forms) presented in Chaptef 4 provides a contin-
uous flow of ideas from global to local analy-
ses. Also, since the mam concem of this book
is computer implementation, a thorough discus-
sion of quadrature mirror filters in subband cod-
ing theory in Chapter 5 is probably the most nat-
ural approach for introducing the so-called dis-
crete wavelet transform, DWT (or wavelet se-
ries), in Chapter 6. Beyond DWT, but still within
the realm of discrete computational analysis, are
wavelet packets, their corresponding best basis
algorithm, and multidimensional library trees,
discussed in Chapters 7, 8, and 9, respectively.
Of course, a chapter on time-frequency analysis
must be included in any book on wavelet appli-
cations, and this is done in Chapter 10.

Included in each chapter is a brief discussion
of the technicalities of implementation. In ad-
dition, examples in pseudocode are given, and a
computer diskette in Standard C canbe purchased
separately. This book, beautifulty written by an
expert in the field, should be a valuable addition
to the personal library for those who are particu-
larly interested in the applications of wavelets to
data analysis and signal processing.
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The Theory of the Chemostat: Dynamics of
Microbial Competition. By Hal L. Smith and
Paul Waltman. Cambridge University Press,
Cambridge, UK, 1995. $59.95. xvi+313 pp,
bardcover. ISBN 0-521-47027-7.

The theory of the chemostat is a genuine suc-
cess story in mathematical biology. This story in-
volves interdisciplinary cooperation between bi-
ologists and mathematicians, mutual feedback
between theory and experiment, and an inter-
play among model derivation, mathematical anal-
ysis, biological facts, and laboratory realities. It
involves nontrivial and sophisticated mathemat-
ics as well as the creation of new methods and
concepts. The mathematical results have made
testable predictions and stimulated laboratory ex-
periments. The predictive successes of the the-
ory are impressive (especially given the notorious
lack of predictability of mathematical models in
population dynamics and ecology). The applica-
bility of the laboratory chemostat and its models
to other important systems makes the theory rel-
evant to a broad range of practical circumstances,
ranging from the ecology of alpine lakes to waste
management treatment facilities to the labora-
tory culturing of generically engineered organ-
isms. For this reason the theory of the chemostat
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also provides a very fruitful theoretical means for
studying general ecological interactions. There
are shortcomings in chemostat models, of course,
as there are for any mathematical model. These
shortcomings, however, serve to further stimu-
late the interplay between biological modeling
and mathematical analysis. As a result, the the-
ory of the chemostat will continue to be a vibrant,
active, and important discipline in mathematical
biology for a long time to come.

The book by Smith and Waltman, two of the
leading authorities on the theory of the chemo-
stat, provides an outstanding introduction to this
theory. Starting from the simplest models of the
well-stirred chemostat, they lead the reader from
the basic theory, through many of its elaborations,
up to the frontiers of current research and many
open questions and unsolved problems. The first
chapter defines the chemostat, its role as an ex-
perimental device, and the simplest mathemati-
cal models for the population dynamics of both
a single microbial organism and two interacting
species. The focus is on species competing for
a resource designed by the experimenter to be in
limited supply (while all other required nutrients
are in abundance). The resulting (exploitative)
competition for the limiting nutrient is the foun-
dation on which the theory of the chemostat is
built. By means of modern methods of nonlinear
dynamic systems theory a global description of
the asymptotic dynamics can be obtained. Be-
yond being a beautiful theory the mathematical
results provide testable predictions of the com-
petitive exclusion principle which, unlike the fa-
mous classical competition model of Lotka and
Volterra, successfully predicts the outcome from
species-specific parameters measurable in isola-
tion before the interaction takes place. In the
second chapter the authors show that these ba-
sic global results remain valid for an arbitrary
number of species and for general uptake rate
functions. The subsequentthapters are organized
around the question of to what extent these funda-
mental results and predictions of the basic chemo-
stat model remain valid'under more complicated
circumstances or when more complicated phe-
nomena are taken into account. Chapters are
included on interactions with more trophic lev-
els, spatial heterogeneity (gradostats), periodic
washout rates, variable yield models‘ and size-
structured species. A chapter on “new directions™
includes models with delays and diffusion (the
unstirred chemostat). Each chapter provides a
biological motivation for its main theme.

A great deal of sophisticated mathematics is
brought to bear during the course of the book.
The book may be read and used in many ways,
however. The early chapters are potentially us-
able in undergraduate courses. Later chapters
provide abundant material for researchers inter-
ested in contributing to the field. For those read-
ers interested primarily in the biological punch
lines, abundant guidelines are given by the au-
thors for which material is key and which may be
skipped. At the other extreme, details are given
for more mathematically inclined readers (defi-
nitions, theorems, proofs, etc.). The book is re-
markably self-contained, even for readers with
limited backgrounds in dynamic systems. In-
deed, the authors do such a good job at writing
their material that, on one level, the book could
be read as an introduction to many topics in dy-
namic systems (stability theory, Liapunov theory,
Poincaré-Bendixson theory, elementary bifurca-
tion theory, Floquet theory, and more). An ap-
pendix supplies a synopsis of many relevant and
more advanced topics, including persistence the-
ory, monotone systems, and Leray-Schauder de-
gree theory.

This well-written, well-organized book is des-
tined to become a classic in mathematical biol-
ogy.

J. M. CUSHING
University of Arizona

Polynomial and Matrix Computations Vol-
ume 1: Fundamental Algorithms. By Dario
Bini and Victor Pan. Birkhiuser, Boston, 1994.
$64.50. 415 pp., cloth. ISBN 0-8176-3786-9.

This is the first in a planned series of volumes
on asymptotically efficient symbolic algorithms
for polynomial and matrix computations. Algo-
rithms for “fundamental” problems are presented
in the four chapters comprising Volume 1. The
first two chapters are concerned with sequential
symbolic computations (using exact arithmetic
over a ground ring or field and returning exact so-
lutions for probiems). Chapter 1 considers poly-
nomial computations, inciuding polynomial eval-
uation, multiplication, and division; polynomial
and rational interpolation and Padé approxima-
tion; Chinese remainder computations; compu-
tation of minimum spans of linear recurrences;
and the computation of greatest common divisors
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of polynomials. Matrix computations, includ-
ing the solution of both singular and nonsingular
systems of linear equations, and computations of
determinants, inverses and generalized inverses,
ranks, and characteristic and minimal polynomi-
als over fields, are considered in Chapter 2, both
for dense unstructured inputs and for structured
inputs (including Toeplitz-like, Cauchy-like, and
Vandermonde-like input matrices). Chapter 3
considers Boolean algorithms for integer and
finite-precision real computations, including the
use of varying (gradually increasing) precision to
design algorithms of small Boolean complexity,
and to reduce the storage space needed to repre-
sent solutions of partial differential equations. Fi-
nally, Chapter 4 covers processor-efficient highly
parallel symbolic algorithms for the above prob-
lems.

Bini and Pan have collected together a sub-
stantial amount of material that was previously
only available in conference papers and jour-
nal articles, including an introduction to asymp-
totically fast algorithms for polynomial multi-
plication over arbitrary rings (in Chapter 1),
Kaltofen and Pan’s processor-efficient parallel
algorithms for general matrix inversion over ar-
bitrary fields (in Chapter 4), and the material on
computations for dense structured matrices and
the varying-precision Boolean algorithms men-
tioned above. There is also ample new material,
including improved algorithms and upper bounds
for the sequential and parallel complexities of a
number of problems.

Volume 1 also includes an extensive bibliog-
raphy of work in this area. While there are a few
additional references I can think of that might
have been included here, these are all either older
work (superseded by work that has been cited),
more appropriate for inclusion in the bibliogra-
phy of Volume 2, or work describing fast parallel
algorithms that are/not processor-efficient, and
that could be considered to be outside the scope
of the text.

I can think of only one algorithm that was
known when Volume 1 appeared (indeed, it ap-
pears in a paper [7] that is listed in the bibli-
ography but not discussed in the text) that re-
ally should have been mentioned in Volume 1,
namely, Giesbrecht’s efficient algorithm for the
computation of the “Frobeniuscanonical form”
of a matrix over an arbitrary field, and its efficient
parallel implementation. While canonical forms
of matrices are not discussed in Volume 1, com-
putations of characteristic and minimal polyno-
mials of matrices certainly are, and Giesbrecht’s

algorithm can be used to compute both. To my
knowledge, this Las Vegas algorithm (which may
report failure with small probability, but always
returns a correct answer otherwise) is the first
processor-efficient parallel algorithm for compu-
tation of the characteristic polynomial of an ar-
bitrary matrix over an arbitrary field. A random-
ized processor-efficient parallel algorithm for the
minimal polynomial had previously been given
by Kaltofen and Pan [12], [13], as part of their
algorithm for the solution of a system of linear
equations. Indeed, Giesbrecht’s algorithm uses
Kaltofen and Pan’s, so Kaltofen and Pan’s al-
gorithm will certainly be at least as efficient as
Giesbrecht’s. However, there is a small positive
probability that the output of Kaltofen and Pan's
algorithm will be a proper divisor of the mini-
mal polynomial of the input, so that their algo-
rithm is “Monte Carlo™ (it can give an incorrect
answer without reporting failure). Giesbrecht’s
algorithm for the computation of the minimal
polynomial is, to my knowledge, the only highly
parallel algorithm that has been given for this
problem that is both “Las Vegas” and processor-
efficient.

In faimess, it should be noted that Volume 1
appeared very soon after Giesbrecht’s work. Un-
der these circumstances, it is hardly surprising
that Giesbrecht’s algorithm was overlooked.

Bini and Pan’s book contains extremely terse
descriptions of a large number of sophisticated
algorithms with no examples, very few illustra-
tions, and virtually no white space. I don’t know
how all this material could have been included
in only 400 pages otherwise, but it does make
the book quite difficult to read. Thus, while the
material on asymptotically fast integer and poly-
pomial arithmetic in Bini and Pan’s book is more
extensive than the treatment in Aho, Hopcroft,
and Ullman [1], I found Aho, Hopcroft, and
Ullman’s presentation to be somewhat easier to
follow. In several cases Bini and Pan’s treat-
ment of an algorithm is noticeably terser than the
original journal or conference publication; com-
pare, for example, Section 1.9 and [2]. There is
also at least one section, Section 2.11 (especially
pp. 180-182), where frequent typographical er-
rors complicate matters even more. The original
journal articles [8], {9], [10] should be checked
before the results mentioned in this section
are applied.

The book also contains abundant cross refer-
ences, including a few more forward references
than I would have liked. Once again, I suspect
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that this was unavoidable, considering the mate-
rial that Bini and Pan wished to include. How-
ever, there are one or two things that could have
been done to make the book more readable. An
extensive index of definitions and results would
have been immensely helpful. Also, results are
identified in the text as lemmas, theorems, corol-
laries, propositions, or facts; all of these are used,
and a separate sequence of numbers is used for
each. Now, it is not very clear what distinguishes
a theorem from a proposition or a fact, so the use
of all three of these terms makes it harder to fol-
low the references in the text while accomplishing
little else. I hope that Bini and Pan stick to “lem-
mas,” “theorems,” and “corollaries” in Volume 2
and, better yet, that a single numbering sequence
is used so that, for example, “Lemma 1.1” would
be followed by “Theorem 1.2,” which would be
followed by “Definition 1.3.” In the interest of
making things easier to find, definitions that ap-
pear in the middle of paragraphs of text (such as
the definitions of Problems 2.4a and 2.5a on p.
96) should be avoided as well.

There are a few places where careless writ-
ing, or failure to note an exception, might cause
problems.

Computations over fields of characteristic zero
(or even just over subfields of C) are emphasized
in much of the book; Sections 1.7 and 4.6 and
Remark 4.2.1 discuss techniques to extend many
of the resuits found elsewhere in the book to com-
putations over arbitrary fields, or even arbitrary
rings. It might have been helpful, under these
circumstances, to say a bit more about those re-
sults that cannot be extended easily in this way,
such as the results described on pp. 52-53 for
“Problem 6.3 (POL DECOMP).” For more infor-
mation about the decomposition of polynomials
over fields of positive characteristic, see von zur
Gathen [6).

It is clear that complexity theory is not the
subject of this book. Still, I wodld have pre-
ferred that definitions of complexity classes and
reductions be more precise and consistent with
other work than the ones giveri here—if defi-
nitions were to be included at all. For exam-
ple, Definition 4.1.2 on p. 299 introduces a com-
plexity class A'C* without being very specific
about the model of parallel computation that is
being considered, which might suggest that this
complexity class is more robust than it really is.
The complexity classes P and NC are consid-
ered to include search problems (on the follow-
ing page), and a number of these are identified as

being “P-complete.” It might have been better
to give brief descriptions of these terms without
using the “Definition” heading used elsewhere
for more precise technical definitions, and to cite
work where precise definitions can be found, such
as Greenlaw, Hoover, and Ruzzo’s book [11] for
parallel Boolean complexity theory, or von zur
Gathen’s article [5] for parallel arithmetic com-
plexity theory.

On p. 42 of Section 1.5, Problems 1.5.1¢ (SEV
POL GCD)—computation of the greatest com-
mon divisor of several polynomials—and 1.5.1d
(SEV POL LCM)—computation of the least
common multiple of several polynomials—are
both introduced. An efficient algorithm is given
as a solution of the first problem, and it is stated
that “this problem, its solution and the complex-
ity estimate can be immediately extended™ to the
second of these problems. Certainly, a similar
algorithm can be used to compute least common
multiples. However, it seems unlikely that the
“complexity estimate” stated for the GCD prob-
lem, O(mnlog’n), can be established for the
LCM problem as well (and a reader might in-
fer this from Bini and Pan’s statement). I find
O(mn log2 (mn)logm) to be a more plausible
bound for the latter problem.

Finally, there are several technical errors in
this book. Fortunately, none that I found cause
serious problems in the text. In particular, with
the exceptions mentioned below, the complexity
bounds and algorithms that are given in this book
do appear to be correct.

Section 1.8 includes a construction (on p. 61)
of an element x of a ring R such that
Lx,x2,x3, ... xX-! are distinct fora given in-
teger K, which is supposed to work in any ring R
with identity that has sufficiently many distinct
invertible elements. This construction fails rather
badly if R happens to be a direct sum of r copies
of the finite field F; (so that R contains 2" invert-
ible elements, but y* = 1 whenever y belongs to
the ring and is invertible) and is reliable only if
the multiplicative subgroup of R is cyclic (orifa
subring of R has this property, and if sufficiently
many invertible elements can be chosen from the
subring).

Corollary 1.2, on p. 89 of Section 2.1, asserts
that if A is a Hermitian matrix with nonnega-
tive eigenvalues over a field of characteristic zero,
then A is “tame;” that is, if A has rank r, then the
first r leading minors of A are all nonsingular.
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This is simply not true, as one can see by consid-
ering the two by two matrix

o]

over any field of characteristic zero.

The construction of Section 1.8 is only men-
tioned twice, at the end of this section and in
Remark 4.2.1(c). In both cases, it is applied, cor-
rectly, for computations over fields. Corollary 1.2
is the basis for an incorrect deterministic solution
of “Problem 2.10b (M PRECONDTN)” given on
p. 110. A correct and efficient randomized al-
gorithm is also given for this problem. How-
ever, I do not know whether it is possible to solve
this problem deterministically, as efficiently as is
claimed here. It does not appear that either the
corollary or this deterministic algorithm is used
elsewhere.

Another error, on pp. 150-151 of Section 1.8,
results in an incorrect algorithm for computation
of the greatest common divisor of two polyno-
mials. Binary search is used here in order to
find the degree of the greatest common divisor
of two polynomials (and, therefore, to make Al-
gorithm 8.1 more efficient). The correctness of
this improvement seems to be based on the as-
sumption that a linear system (equation (8.3) on
p- 149) whose coefficient matrix is a kth subre-
sultant matrix, S;, is consistent if and only if k is
greater than or equal to the degree of the greatest
common divisor of the input polynomials.

Suppose, though, that one is computing
the greatest common divisor of polynomials « (x)
and v(x). Let ug(x) = u(x), ui(x) = v(x),
us(x), us(x),...,up(x) = ged(u(x), v(x)),
up+1(x) = 0 be the “remainder” sequence of
polynomials computed from the inputs using the
Euclidean algorithm, and suppose u; (x) has de-
gree a; for i between 0 and A, so that if 2 <
i < h then g; is strictly greater than a;,;. A
lemma given, for example, by von zur Gathen
[4, Lemma 2.2] implies that'system (8.3) is not
consistent whenever k is greater than or equal
to (a; +a;+1)/2 and lessthana;, foranyi < h—1.
Thus, the improved version of Algorithm 8.1 in-
corporating binary search is only reliable if there
are no large drops in degreein the “remainder”
sequence of polynomials corresponding to the in-
put, that is, if a; = q;,; + 1 for all i between 2
and h — 1.

This is easily fixed by modifying equa-
tion (8.3) (and the algorithm), essentially as de-
scribed on pp. 151-152, as part of a solution for
“Problem 1.5.1¢ (SEV POL GCD).” I believe that
this will produce a correct algorithm that has the
same asymptotic complexity as the incorrect al-
gorithm that appears in the book.

Section 4.6 includes some material on
pp. 337-346 that has, apparently, not been
published before (based on [14]); this material
also has its share of problems.

In the proof given for Proposition 4.6.4, it is
not clear whether various block matrices (chiefly,
7(V) and B) are supposed to have displace-
ment ranks that depend on the field character-
istic p (as is suggested at the very beginning
of the proof), or whether these should always
be equal to two (as seems to be the case after
that). I have been informed by one of the au-
thors that this proof is, in fact, incorrect, but
that the result can be established by a different
approach [15].

Later in this section, on pp. 343-345, a “re-
duction of Problem 2.2.10 (M RANK) from the
case of a Toeplitz-like + Hankel-like input ma-
trix T to the case of a Toeplitz input matrix”
is described. Unfortunately, it is assumed here
that matrix V = UTL has constant displace-
ment rank, where T is the input matrix, U
and L are apparently upper and lower triangu-
lar Toeplitz matrices, and displacement ranks are
defined in terms of the operator denoted as F,
on p. 175 (in Section 2.11)—seemingly a re-
quirement that the input matrix 7 is “Toeplitz-
like.” The authors have confirmed [3] that this
can be fixed, essentially by replacing F, in the
proof with the operator F* from Section 2.11,
which characterizes Toeplitz-like + Hankel-like
matrices.

Based on all this, I can recommend this book
to anyone who intends to do research in this area.
I certainly learned a great deal from it. A cor-
rected edition, or one that includes a list of er-
rata, will be even more useful, and I understand
that a list of corrections is in preparation. The
book might also serve as a reference for a course
in symbolic and algebraic computations, either
as a supplement for a more elementary text (in-
cluding the fundamental material in abstract and
linear algebra, or perhaps the design and analy-
sis of algorithms) for a senior undergraduate or
junior graduate course, or if it is supplemented
by conference and journal papers for use in a se-
nior graduate course or seminar series. Given the
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above technical problems and the level of diffi-
culty of the book, I would not recommend that it
be used, in its current form, as the sole reference
for a course at any level.
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Lattice Methods for Multiple Integration. By
I H. Sloan and S. Joe. Oxford University Press,
Oxford, UK, 1995. $69.95. 239 pp., hardcover.
ISBN 0-19-853742-8.

Over the past fifteen years there have been ma-
jor advances in the theory of lattice rules for nu-
merical multiple integration. These rules have
become increasingly attractive for practical work
because, like Monte-Carlo rules, they consist of
simple equally weighted sums of integrand val-
ues and they can be easily implemented for high-
dimensional integrals. For many integrands, an
N-point lattice rule has an error which is asymp-
totically much smaller than the O(1/+/N) ex-
pected for Monte-Carlo rules. This clearly writ-
ten book by two of the major contributors in this
area is a welcome summary of the most important
results in lattice rule theory and application.

The book is written so that it is easily accessi-
ble to someone who wants to use lattice rules for
practical integration problems or someone who
wants a good introduction to lattice rule theory
and analysis. Chapter 1 provides a brief intro-
duction to numerical multiple integration. Chap-
ter 2 provides an overview of lattice rules and
their most important properties. Chapter 10 has
a good discussion of how lattice rules can be ef-
ficiently used in practical calculations. Chapter
11 has discussion and results about comparisons
with other methods. Appendices A and B provide
tables of parameters for lattice rules for integrals
with 2-12 dimensions. Someone who wants to
learn a little about lattice rules and use them for
a practical integration problem should need only
an hour or two reading Chapters 1-2, 10-11, and
the Appendices, and a little time programming,
before some numerical results are available. I
would have liked to have seen a more extensive
set of tables in the Appendices. Because of their
potential for use with high-dimensional integrals,
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it would have been nice to have tables for good lat-
tice rule parameters for dimension as high as 20.
The authors describe methods for finding these
parameters, but finding good parameters is often
a very computationally intensive process that is
not easily carried out by someone who wants to
use the rules for a particular practical problem.

Chapters 3-9 focus on a detailed theoretical
analysis of lattice rules that includes discussion
of different types of lattice rules and derivation
of error bounds. These chapters should provide
a good summary of lattice rule theory for cur-
rent and potential contributors in this area. These
chapters often begin with a two-dimensional ex-
ample that is used to introduce and illustrate the
rest of the material in the chapter. This should
allow someone who is not familiar with this type
of material to gradually get used to the terminol-
ogy and notation. The primary analytical tech-
niques that are used come from Fourier analysis
and number theory. Most of the theorems are
given with complete proofs, but there is also a
fairly extensive set of references given for read-
ers who want further details for some of the back-
ground material and quoted results.

In summary, this book should be very useful
for a wide range of people interested in lattice
rules. Itis well written in a style that makes much
of the material accessible to statisticians, scien-
tists, and engineers with practical numerical mul-
tiple integration problems. There is also a broad
foundation of theoretical material for people who
want to make further contributions in this area.

A1LAN GENZ
Washington State University

Dirichlet Forms and Symmetric Markov Pro-
cesses. By Masatoshi Fukushima, Yoichi Os-
hima, and Masayoshi Takeda. Walter de Gruyter,
Berlin, 1994. DM168. vii + 392 pp., cloth.
ISBN 3-11-011626-X. ~

This book is a greatly expanded modern ver-
sion of Fukushima’s earlier monograph [F]. Like
its predecessor, it consists of two separate but
closely related parts. Part I contains the basic
theory of symmetric Dirichlet forms with special
emphasis on the potential theory of such a form.
There is no probability theory in this part. In
Part II this nonprobabilistic theory is related to
the probabilistic potential theory of a symmetric
Markov process.

A Dirichlet form is a closed, densely de-
fined, symmetric form £ on a real L2-space,
L?*(X, m), which satisfies the following Markov
condition: u € D(E), the domain of £, implies
vi=wAl)v0eDE) and E(v, v) < E(u, u).
Here (X, m) isa o -finite measure space. In Chap-
ter 1 the basic relationships among such forms,
semigroups, resolvents, and generators are de-
veloped. Beginning in Chapter 2 the Dirichlet
form is assumed to be regular, essentially that
D(£) contains enough continuous functions. Of
course, this entails topological conditions on X.
The authors assume for the most part that X is a
locally compact separable metric space and that
m is a Radon measure with full support. Un-
der these assumptions capacity, quasi continuity,
equilibrium potentials, and measures of finite en-
ergy are introduced and the associated potential
theory is developed in some detail. Thus regular
Dirichlet forms provide an axiomatic basis for the
development of a considerable portion of poten-
tial theory. This is an L?-theory and, at least in
this book, a self-adjoint theory. There is a ver-
sion of this theory in which the symmetry of the
form is relaxed, but not completely eliminated.
This “nearly” symmetric version is developed in
the recent monograph of Ma and Réckner [MR].
However, even this does not cover, for example,
the potential theory of the heat equation. On the
other hand there is a voluminous literature on
various axiomatic approaches to potential theory,
many of which apply to the heat equation.

In Part II the authors assume that a (weakly)
m-symmetric Hunt process M on X is given. Itis
easily seen that the transition semigroup (p,),-o
of M uniquely determines a Dirichlet form £ on
L*(X,m). After some preliminary results it is
assumed that £ is, in fact, regular. The various
potential theoretic objects from Part I are then in-
terpreted probabilistically. For example, if B is
a pearly Borel set of finite capacity and o7 is its
hitting time, then p} (x) := E,(e™°%) is shownto
be a quasi continuous version of the (1) equi-
librium potential ¢ introduced in Part I. Chapter
4 is devoted to the interplay between the concepts
of Part I and their probabilistic counterparts.

For me the highlight of the book is Chapter 5,
the longest chapter, which is devoted to additive
functionals. It begins with a characterization of
positive continuous additive functionals (PCAF)
as those whose Revuz measures are smooth, i.e.,
do not charge sets of capacity zero and satisfy a
certain finiteness condition that is stronger than
being o -finite but weaker than being Radon. (To
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the best of my knowledge the name “smooth” for
this class of measures was first used by McKean
and Tanaka in 1961 {MT] in discussing PCAFs of
Brownian motion.) Next Fukushima’s celebrated
decomposition of A, = u(X,) — u(X,) for u in
the extended Dirichlet space as the (unique) sum
of a martingale additive functional and a contin-
uous additive functional of zero energy is pre-
sented. This leads to a probabilistic interpreta-
tion of the Beurling-Deny formula. Those u for
which the zero energy part in the above decom-
position is of bounded variation are character-
ized. This chapter is a wonderful example of how
the two subjects—Dirichlet forms and Markov
processes—combine to enrich each other.

Chapter 6 is devoted to various transforma-
tions of forms and processes such as pertur-
bations, killing, time changes, and transforma-
tions by supermartingale multiplicative function-
als. Many of the results in this chapter were dis-
covered after the appearance of [F].

When studying probabilistic potential theory,
at some point one must confront the problem of
existence. One usually begins with some ana-
Iytic (i.e., nonprobabilistic) object such as a dif-
ferential operator, a “potential” operator, a re-
solvent, a semigroup, a cone of excessive func-
tions, or a Dirichlet form, or perhaps some “pre-
version” of these objects, and then under appro-
priate hypotheses constructs a Markov process
which corresponds to the given analytic object.
A Dirichlet form is a particularly tractable and
useful starting point, and in Chapter 7 the au-
thors establish the basic existence theory, namely,
that given a regular Dirichlet form £ there ex-
ists a (weakly) m-symmetric Hunt process M
such that £ is the form determined by M. The
use of Dirichlet forms to construct processes has
been especially useful on manifolds and infinite-
dimensional spaces. Strictly speaking the theo-
rems established in §§7.1 and 7.2 do not apply
in infinite-dimensional situatiops, since the un-
, derlying space has been assumed to be locally
compact. In §7.3 the authors present an exis-
tence theory for a Hunt process (in the restricted
sense) on a Lusin space. However, the tightness
condition imposed (7.3.2) is very strong. For ex-
ample, the theorem would not be applicable to
Brownian motion killed on leaving the unit ball
in Euclidean space. But Theorem 7.3.1 remains
essentially true under a weaker tightness condi-
tion. See, for example, Theorem IV.3.5 and Sec-
tion V.2 of [MR] for an extended treatment of the
relevant issues.

An important feature of this book is the de-
tailed discussion of numerous nontrivial exam-
ples. An index of the examples would have
been very useful. Finally, there is an appendix.
Among other things it contains an excellent intro-
duction to Hunt processes and to martingale addi-
tive functionals over them. The book is very care-
fully written and is remarkably free of misprints.
My one quibble is the numbering system. The-
orems, corollaries, lemmas, examples, displays,
etc. are all numbered separately. This makes it
much more difficult, at least for this reader, to
track down specific references as they occur in
the text.

This is an important book that will undoubt-
edly become a standard reference in the field. The
authors should be commended for undertaking
the formidable task of writing an up-to-date ac-
count of this vital subject and congratulated for
bringing it off so well.
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Applied Discriminant Analysis. By CarlJ. Hu-
berty. John Wiley, New York, 1994. $59.95. xxii
+ 466 pp., cloth. ISBN 0-471-31145-6.

This book is addressed primarily to graduate stu-
dents, applied researchers, and methodologists
interested in the discriminant analysis. To under-
stand the book, it is desirable to be familiar with
multiple regression, multiple correlation, param-
eter estimation, and associated concepts. It has
twenty chapters which are divided into four parts.

Part One: Introduction (Chapters I and II). In
this part the author discusses the statistical con-
cepts, matrix algebra, and multivariate statistical
method.

Part Two: Prediction (Chapters IH-XII). In
this part methods for assessing the goodness of
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the classification rule to predict unit group mem-
bership are discussed. Some nonnormal rules are
also given. Then the problems of predictor selec-
tion and predictor ordering are studied.

Fart Three: Description (Chapters XIII-
XVII). Discussion in this part pertains to the
analysis and description of effects of the grouping
variables on the outcome variables. Methods of
outcome variable selection and ordering are also
described.

Part Four: Issues and Problems (Chapters
XIX and XX). In the last two chapters some is-
sues related to statistical analysis and problems
associated with the use of discriminant analysis
are discussed.

The above twenty chapters are followed by
three appendices and a diskette. The three appen-
dices contain the Data Set Descriptions, Com-
puter Printouts, and Content of Accompanying
Diskette. Answers to exercises given at the end
of some of the chapters are also provided.

The format of the chapters is good: starting
with an introduction, giving the methodology to
be used, and including numerical examples well
worked-out. This is, however, an applied book
and no claim to mathematical niceties is made.
An outstanding feature of the book is the inclu-
sion of four real data sets which are utilized to
illustrate various analysis results, in both exam-
ples and exercises. These numerical illustrations
are obtained via the BMDP, SAS, and SPSS.

It is noticeable that the author includes 23
pages of references and 137 pages of computer
printouts, which comprise 34.33% of the book.

It is a readable book which provides a valu-
able practical introduction to applied discrimi-
nant analysis. Interest in the applications of dis-
criminant analysis has grown rapidly, as attested
by the large number of references. Hence, it is a
welcome addition.

ARJUN K. GUPTA
Bowling“'Green State University

The Complex WKB Method for Nonlin-
ear Equations 1: Linear Theory. By Vic-
tor P. Maslov, translated from Russian by
M. A. Shishkovaand A. B. Sosinsky. Birkhiuser-
Verlag, Basel, 1994. $123.00. vii + 300 pp.,
hardcover. ISBN 3-7643-5088-1.

This is a long overdue book by one of the great
names in the field of asymptotic expansions for

partial differential equations. The Russian book
on which it is based appeared in 1977, but the
translation was long delayed. It has finally ap-
peared, with appendices to bring some material
up to date.

What is the WKB method? Physicists most
often use the term in the semiclassical (or quasi-
classical) problem to unveil the classical mechan-
ics hidden in the Schriodinger equation

2

o w¥ ivzwwx,rw,

at 2m
as Planck’s constant & tends to 0. (While it sounds
silly to speak of a constant tending to 0, in macro-
scopic units, k is about 10~ erg-sec.) The sim-
plest analyses are for the eigenmodes of a one-
dimensional version of (1), the ordinary differen-
tial equation

h2
@ —2—¢"+V(x)¢=51/f-
m

The limit as # —> O is an important and famil-
iar problem in singular perturbation theory. As
has been known for a long time, good approxi-
mate solutions of (2) can be constructed as linear
combinations of

(V(x) — By exp (i%f vV(y)—Edy),
x

3)

where for convenience I set 2m = 1. Rather ob-
viously, there are difficulties in the vicinity of the
turning points, values of x for which V(x) = E,
but elsewhere the functions (3) form a fundamen-
tal set of solutions for an equation differing from
(2) by a small term (O (%) and no derivatives of
¥). The semiclassical problem is central to quan-
tum mechanics and the idea of using approximate
solutions of the form (3) to study (2) is an excel-
lent one. The folk history attributing this idea to
Wentzel, Kramers, and Brillouin is, however, all
wrong.

The Schrddinger equation was new in 1926,
and was used to solve many problems that had
been out of the reach of the old quantum the-
ory, which was based on the prescription of Wil-
son and Sommerfeld that classical closed orbits
should be quantized by a condition on the action

integral,
V¢p dg = kh,

where k is an integer. The most notable success
of the old theory was the prediction of the Balmer
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spectrum of hydrogen, which depends only on the
differences of energies, so that k might as well be
replaced by k + o for any constant ¢. Indeed in
some situations physicists had seta = 1/2 onan
ad hoc basis, so a more general formulation of
the Sommerfeld-Wilson quantization rule was

4) .¢‘P6M=(k+d)ﬁ,

with a somewhat mysterious constant .

It was clearly important to recover the success-
ful calculations of the old quantum theory by a
singular perturbation analysis of the Schrodinger
equation, and so Brillouin [3, 4} and Wentzel [17]
recovered (4) witha = 0, using, respectively, im-
plicit and explicit Riccati transformations applied
to (2). Kramers [9] used a more sophisticated
approach related to the approximations (3)—a
Riccati transformation neglects the very useful
prefactor at leading order—and obtained (4) with
a = 1/2, which tums out to be more nearly cor-
rect in most, but not all, simple situations. The
point, though, is that these approximations were
already rather well known and standard since the
work of Liouville [10] and Green [5], and the
contributions of Wentzel, Kramers, and Brillouin
were to cope with the turning points, not to think
up the approximations (3). Kramers used solu-
tions of Airy’s equation

¥y =C(x = x0)y

to interpolate in the vicinity of a linear turn-
ing point at xq, and found that he needed to set
a = 1/2 in order for the phase of the solution
to match properly around a turning point, mak-
ing the wave function single-valued. This makes
@ proportional to a winding number, and today,
especially because of the influence of Keller and
Maslov, we would recognize it as a topological
index.

Jeffreys [7], as luck would have it, solved the
same problem in the same w3y as Kramers, but
two years earlier, before Schrodinger made it
fashionable. His was a good, thorough paper,
but poor Jeffreys’ initial is gnly occasionally cou-
pled with W, K, and B for contributions to the
turning-point problem, or when credit for the ap-
proximation of Liouville and Green is wrongly
bestowed elsewhere. Strictly speaking, if there is
no turning point, it’s not the WKB method, and
if there is, it would be more accurate to caff it the
J method. (But I don't really imagine that this
book review can stem the terminological tide in
favor of WKB!)

The authoritative history of these methods in
the context of ordinary differential equations is
[13]. While the level of analysis at the time of
which I speak was often formal, satisfactory the-
orems guaranteeing uniform approximation ar-
rived over the years; for instance, see [15].

There is much more to semiclassical physics
than this method for ordinary differential equa-
tions. Schrodinger had concocted his equa-
tion while thinking about Hamilton-Jacobi the-
ory, and even in the multidimensional, time-
dependent setting, the Hamilton-Jacobi equa-
tions of classical dynamics emerge from (1) with
a careful, small —% expansion. Brillouin [4] no-
ticed this, but the first clear analysis was the re-
markable though neglected article of Van Vleck
in 1928 [16]. Van Vleck showed that a wave func-
tion can be written asymptotically in the form

) A2 AN exp(i S/R),

where the action integral S satisfies the
Hamilton-Jacobi equation of classical mechan-
ics, A is a functional determinant of the canonical
transformation generated by S, and A is a normal-
ization factor. Van Vleck realized that quantum
conditions (4) result from a condition of single-
valuedness of the wave function ¥ regardless of
dimensionality. His factor A directly measures
the convergence of classical paths, showing that
the caustics of the classical motion replace the
turning points when the dimension is increased,
and determine o in (4). He neglected to calcu-
late a systematically, however, and only much
later Keller [8] and then Maslov [11] rediscov-
ered Van Vleck’s ideas and rectified this. In their
hands it was recognized that the solutions of the
Hamilton-Jacobi equation define submanifolds
of phase space with a Lagrangian structure, the
topology of which can be characterized by in-
tegral invariants related to «. Maslov particu-
larly stressed the central importance of these La-
grangian manifolds and introduced canonical op-
erators, now often called “Maslov operators,” on
them. The understanding of this structure allows
one to develop systematic expansions, essentially
by summing terms of the form identified by Van
Vleck and expanding. (For a clear, brief descrip-
tion of Lagrangian manifolds and the Keller-
Maslov index, see Appendices 11 and 12 of [2}.)
A closely related construction arises in geomet-
ric optics, where the eikonal equation plays the
role for the wave equation that the Hamilton-
Jacobi equation plays for the Schrédinger equa-
tion. Similar methods apply to many other partial
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differential equations, especially but not exclu-
sively linear ones.

This is not the first book by Maslov on his
methods, and apparently not the last, although
volume 11, on the nonlinear situation, will not ap-
pear in the near future. The earlier books [11]
and [12] dealt mainly with quanturn mechan-
ics. The present book uses similar methods for
more general partial differential equations, while
Schrodinger’s equation continues to be an impor-
tant topic. There is also significant overlap with
the book on Maslov’s methods by Mishchenko,
Shatalov, and Sternin {14].

Maslov begins with an asymptotic analysis of
equations such as the wave equation in the high-
frequency regime or the Klein-Gordon equation.
For Maslov a “WKB solution” (let’s forgive the
terminology since caustics are involved) is of the
form (5), which in his notation reads

A1/ h){go(x, t) exp(i S(x, t}/h) + O(h)].

Maslov forces S to be a solution, generally com-
plex, of a Hamilton-Jacobi equation

95/9t + H(3S5/9x,x,t) =0,

while the function ¢ can be expanded in the small
parameter h, and will satisfy a transport equation
involving S. The pair of equations for S and pis
called the canonical system. In the first chapter
he also introduces a precise notion of asymptotic
equivalence of functions, allowing more flexibil-
ity than the usual Erdélyi symbols, and relates this
equivalence to an inequality of Girding. Chapter
11 begins with a model problem and introduces
Lagrangian manifolds, first with real and then
with complex germs, and discusses their evolu-
tion under a Hamiltonian H. Action functions
are defined on these manifolds. Construction of
approximate solutions of Hamilton-Jacobi and
transport equations begins in earnest at the end of
this chapter and is the subject of Chapter IIL In
Chapter IV we learryhow to construct eigenfunc-
tions of differential and pseudodifferential oper-
ators from S and ¢.

There are three appendices with more recent
material than in the 1977 Russian edition. Ap-
pendix B, for example, deals with the tunneling
effect and gives calculations in Maslov’s frame-
work for exponential decay asymptotics of the
sort done by Helffer and Sj6strand and Simon
in the 1980’s (see [6] and reférences therein).
The book concludes with an avowedly heuristic
discussion of asymptotics and the saddle point
method.

There has long been an air of controversy about
Maslov and his methods. Maslov’s ideas were
recognized early as innovative and important, and
his rise to power in Soviet science was swift.
Nevertheless, he sometimes met with resistance
both in Russia and in the West. There has often
been a feeling that his methods were not quite
rigorous; this is probably why his latest book ap-
peared in the series Progress in Physics, rather
than Progress in Mathematics, despite having the
look and feel of a mathematics text. Maslov has
not been known for the clarity of his exposition,
which has not helped. When reading other peo-
ple’s major works, even an expert in an intricate
area of analysis like asymptotics must choose one
of three courses: to invest an enormous amount of
time in checking and reconstructing arguments;
to understand the main features and trust or doubt
the details; or to maintain an attitude of skepti-
cism. Nonmathematical considerations of repu-
tation, personalities, language, and academic pol-
itics, and even international politics, can affect
our willingness to check or to trust. This writer
does not feel in a position to judge the rigor of
Maslov’s details, but the ideas are compelling,
and they emerge fairly clearly in this book, one
of Maslov’s more readable works. (An unfor-
tunate feature which must be mentioned about
readability, however, is the lack of an index.)

History has validated Maslov’s ideas. They
have been seized upon by Amol’d [1] and others
to build unquestionably rigorous structures, and
they have been used by applied mathematicians to
forge accurate numerical schemes for problems
in physics, oceanography, and other fields. It is
truly regrettable that this very significant book
did not appear in English many years ago.
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Exponential Attractors for Dissipative Evolu-
tion Equations. By A. Eden, C. Foias, B. Nico-
laenko, and R Témam. John Wiley, Chichester,

UK, 1994. $39.95. viii + 182 pp., paperback.
ISBN 0-471-95223-0.

This book develops a relatively new low-
dimensional tool for the study of a certain class of
dissipative partial differential equations. Such an
equation is characterized by the existence of an
absorbing set. The w-limit set of the absorbing set
comprises the global attractor A, which is com-
pact, has finite fractal dimension, and contains
all the long time behavior of the system. It may,
however, attract certain solutions at a rate which
is only algebraic. Many such equations are also
known to possess inertial manifolds which are
smooth, positively invariant, finite-dimensional
manifolds, and which attract all solutions at an
exponential rate [1]. The restriction of the flow
to such a manifold yields an inertial form, a finite
system of ordinary differential equations which
shares the exact long time behavior of the PDE.
This has inspired a number of approximate iner-
tial manifolds and related numerical methods.

Notably absent, however, from the list of sys-
tems covered by the existing inertial manifold
theory are the Navier-Stokes equations (NSE).
The difficulty is that a certain spectral gap condi-
tion is not satisfied by the Stokes operator, even
in the 2D, periodic case.

The alternative theory, emphasized in this
book, relaxes the smoothness condition needed
for an inertial manifold, and calls the more gen-
eral object with the remaining properties an expo-
nential attractor. The advantage is that this new
object can be constructed under less restrictive
assumptions, in particular for the NSE. Another
advantage is that the dimension of an exponential
attractor can be shown to be much closer to that
of the global attractor than in the case of the iner-
tial manifold. In some sense exponential attrac-
tors are more robust than global attractors. The
disadvantage is that the dynamics on this set are
generated by a system of ODEs which are much
harder to study and approximate.

The theory of exponential attractors is first
developed for a discrete dynamical system de-
scribed by a Lipschitz map S. The main assump-
tion is that § satisfies a weak form of the squeez-
ing property. This stipulates that given a contrac-
tion rate, there is a finite-dimensional orthogonal
projector such that any two points in phase space
have images which are either contracted at the
given rate or form a difference vector with pro-
jected component dominating the complement.
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The key mechanism involves a compact in-
variant set X and the image Z under S of the
intersection of X with a ball of some radius R.
The projector is injective on the maximal sub-
set E C Z on which the latter condition of the
squeezing property holds. Thus finite covers of
the projection of E lift to all of E. This is used
to estimate the number of balls of radius p = 6R
needed to cover E interms of p and the dimension
of the projector.

The actual construction of the exponential at-
tractor is then carried out by recursively gener-
ating covers as above for collections of maximal
sets E® within refined coverings of $¥(X), with
X = A. To control the fractal dimension, the
same reduction factor  and hence the same num-
ber of balls are used at each stage on each inter-
section of §*~!(X) with the previous collection
of balls. The exponential attractor is then defined
as

M= AU (u;’tj_o U, Sf(E"")>.

The initial ball is taken large enough to contain all
of X O A. Note that iteration of the mapping S is
actually carried out twice: once in the generation
of the sets E® and then again over the index ;.

This amounts to what the authors appropri-
ately term a “fractal expansion” of the attractor.
Indeed, a sharp estimate for the fractal dimen-
sion of the global attractor follows easily from
this construction.

The construction of exponential attractors is
then extended to the continuous flow of a gen-
eral evolution equation. Specific applications are
made to the Kuramoto-Sivashinsky equation, the
Kolmogorov-Spiegel-Sivashinsky equation, the
Burgers equation, certain reaction diffusion equa-
tions, and, of course, the 2D NSE. A special
treatment is provided as well for second-order
equations including thé sine-Gordon and Klein-
Gordon equations. The robustness of the expo-
nential attractor is established in the particular
case of Galerkin approximations. ;For complete-
ness, a chapter on inertial manifolds along with
an appendix with essentials of dimension theory
is included.

Most intriguing, however, is the development
of a new approach to the dynamics on the expo-
nential attractor, which sidesteps the nonregular
nature of this set. The main result is that, given an
exponential attractor for a finite-dimensional evo-
lution equation, there exists a low-dimensional

generalized dynamical system with the same ex-
ponential attractor and the same dynamics on that
set. A similar result is also shown for the case
where the exponential attractor is replaced by the
global attractor. The requirement that the origi-
nal equation must be finite-dimensional still al-
lows for a broad application to PDEs. In particu-
lar, it applies to all equations possessing inertial
manifolds, and more generally to Galerkin ap-
proximations of those in the wider class of equa-
tions having exponential attractors. The latter
case suggests that if we can understand the be-
havior of low-dimensional dynamical systems,
we can explain what is generated by arbitrarily
fine discretizations of such equations.

The book provides a very reasonable entry into
the general low-dimensional approach to PDEs.
While not written in quite the introductory fash-
ion of [2] or [3], it is essentially self-contained.
This book presents genuinely new results, yet is
not as dense as {4], which was devoted solely to
inertial manifolds. One could certainly explore
the material in a topics course, using the book
reviewed here. There is even a brief but provoca-
tive list of open questions at the end. Of course,
the book is a must for anyone working in the area.
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Theory of Chattering Control. By M. I. Zelikin
and V. F, Borisov. Birkhiuser, Boston, MA, 1994.
$74.50. 242 pp., cloth. ISBN 0-8176-3618-8.

This book deals with a little known but impor-
tant area of optimal control. One might reason-
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ably expect that a nice optimal control problem
should have a nice solution. When the Pontrya-
gin Maximum Principle was first announced, it
was sometimes felt that the assumption of mea-
surable controls was only a technical device, as it
was believed that most if not all reasonable opti-
mal control problems have smooth or piecewise
smooth solutions. In 1961, A. T. Fuller [F] put
this myth to rest by exhibiting a very simple opti-
mal control problem whose solution has an infi-
nite number of discontinuities in a finite interval.
The control is required to lie in a bounded inter-
val, and the optimal solution switches back and
forth (chatters) between its bounds. The inter-
switch times form 2 summable geometric series
so that an infinite number of switches occurs in
a finite time. Fuller's example is hardly patho-
logical; it goes from one position and velocity
to another while minimizing the square integral
of the position using the acceleration as a con-
trol. The control is required to lie between *1.
If instead the velocity is the control then there is
no chatter; if the control is the acceleration or a
higher time derivative of the acceleration, then
there can be chatter depending on the initial and
final conditions.

Many optimal control problems have a dual
optimal estimation problem; for example, the
dual of the linear-quadratic regulator is the
Kalman-Bucy filter. The dual of Fuller’s prob-
lem was found by D. E. Johansen [J] and
Berkovitz and Pollard [B-P]. It finds the min-
imax least squares linear estimator of the one-
dimensional position of an object whose accel-
eration is bounded by £1 from measurements
corrupted by white Gaussian noise. The weigh-
ing pattern of the optimal filter chatters between
positive and negative values like Fuller’s optimal
control. This topic is not discussed in the present
book.

There has been continuing interest in Fuller-

. like chattering, as it is one of the foremost ob-

stacles to our understanding of regular synthesis
(in the sense of Boltyanskii) of optimal control
problems. Any general theory of nonlinear opti-
mal control that includes control constraints must
deal with chattering.

The present book is an excellent exposition of
the current state of knowledge about chattering.
It begins in Chapter 1 with a brief introduction to
Hamiltonian systems before introducing Fuller’s
Problem in Chapter 2. The third chapter is the
heart of the book, describing various aspects of

chattering. The fourth chapter is a readable expo-
sition of the work of 1. Kupka, who showed that
chattering is ubiquitous in eight- or more dimen-
sional problems. The last three chapters deal with
higher-dimensional systems and applications.

Despite the technical nature of the subject mat-
ter, the book is well written, self-contained, and
relatively easy to read. Until the chattering phe-
nomenon is fully tamed, it will be an obstacle
to any complete theory of nonlinear optimal con-
trol. This book is an excellent introduction to and
survey of chattering optimal controls.
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Fuzzy Logic: A Practical Approach. By
M. McNeill and E. Thro. Forward by R. R.
Yager. AP Professional, Chestnut Hill, MA,
1995. $39.95. 292 pp., hardcover. ISBN O0-
12485-965-8.

What is the intended audience? The authors do
not specify any audience. Is it for mathemati-
cians? Certainly not. Perhaps the authors be-
lieved that by introducing the matter of a hyper-
cube, out of context, and by mentioning a cou-
ple of definitions of distances for metric spaces it
would make theirs a math text. In this they failed.
Is it for engineers? No. Is it for computer scien-
tists? I am not sure. There are a lot of detailed
programs in Appendix D, but then again, there is
more to computer science than writing programs.
The book seems to have been written with the ob-
jective of convincing the reader that there exists
fuzziness as a new source of uncertainty. In this
sense, the writers succeeded splendidly.
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There are problems with the exposition also.
The narrative is often broken (or disrupted) by
remarks of various kinds. These are described
as e-mail from Dr. Fuzzy. Although they seem
to intend to convey a funny interruption or some
form of clarification, they actually introduce very
fuzzy interjections which do not help the dis-
course at all.

What has taken a long time to figure out is the
reason for “practical approach™ in the title. What
is practical? The concept of fuzziness or their
programming? In this sense, the authors clearly
promote the use of the accompanying diskette.
There is no explanation anywhere of how the
canned programs work-—not even a definition of
fuzzy set or fuzzy number is included. The tables
intended to clarify fuzzy operations, in fact, cloud
the issue in puzzling details. It is doubtful that
anyone who is totally unfamiliar with the subject
of fuzziness will know much that is worthwhile
after going through this book.

The text begins with a very old example of
the verbal description of the procedure of parallel
parking. It continues with six chapters of various
items loosely connected to the core of the subject,
and it concludes with five additional appendices,
the first on fuzzy associative memories and the
next on fuzzy sets as hypercube points. This is
unnecessary because Zadeh very effectively pre-
sented them as sets with a boundary that is dif-
ficult to define sharply. It is a very good way of
confirming the purpose of such sets, namely, of
being useful whenever the concept of belonging
is not crystal clear and therefore too complex to
represent in a binary mode. We have a lengthy
description of disk files. The last two sections
are on, respectively, inference engine programs
and other fuzzy architecture. The bibliography
is rather skimpy. The section on articles and
books is very disappointing. Additionally, the
section on proceedings does not mention the an-
nual meetings of the North American Fuzzy In-
formation Processing Society (NAFIPS) or of the
International Fuzzy Systems Association (IFSA)
which holds meetings every other year.

After several years of total neglect and of
downright hostility, the American scientific com-
munity has realized how modem technology has
profited from pursuing the concept of fuzziness
and now there seems to be a scrambile to catch up.
There are several texts in print or td appear soon
that do justice to the topic as a very worthwhile
field of research. Unfortunately, this is not one
of them.

In conclusion, this book is probably a proto-
type of many others to follow now that the con-
cept of fuzziness has finally caught the attention
of the American scientific community. It is not
to be recommended in any other sense as easy
reading—unfortunately with the result of trivial-
izing the topic.

MARIALUISA N. MCALLISTER
Moravian College

Fuzzy Logic with Engineering Applications.
By Timothy Ross. McGraw-Hill, New York,
1995. $59.75. 600 pp., hardcover. ISBN O-
07053-917-0.

Fuzziness is a new science that belongs within
the realm of uncertainty. It deals with uncertainty
that cannot be easily weighed by numerical quan-
tification because it is imponderable and because
it permeates every aspect of our lives. Particu-
larly in the area of modern technology referred
to as intelligent systems, the role of fuzziness has
become central.

There are two notable periods in its devel-
opment. First, in 1965 the seminal paper by
Lotfi Zadeh brought forth the topic of the fuzzy
sets, namely, sets which have undefinable bound-
aries. This idea was scoffed at for a long time by
the mathematical community. It was not until a
decade or so ago that, with the extraordinary suc-
cess of the application of fuzzy logic to control
programs by Japanese researchers, the topic of
fuzzy logic caught the attention of the engineer-
ing community in the USA. Since then, a great
deal of attention has been devoted to the topic
and quite a few books have been written. Many
of them leave a lot to be desired.

This book is an exception. Written by an engi-
neer, for engineers, its exposition is clear, lively,
and certainly holds the reader’s attention. For
example, it has one clear statement on p. 13 of
the distinction between fuzziness and random-
ness: “Fuzziness describes the ambiguity of an
event whereas randomness describes the uncer-
tainty in the occurrence of the event” It also
proposes a careful treatment of the analysis of
fuzzy logic, not only the applications. It is,
therefore, a delightful surprise among the many
recent books dealing with the application of fuzzy
logic to engineering. Its content is the usual: it
begins with the introduction, in which the author
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discusses classical sets and fuzzy sets, then clas-
stcal relations and fuzzy relations. It continues
with membership functions, fuzzy-to-crisp con-
version, and fuzzy arithmetic. This chapter in-
cludes the discussion of numbers, vectors, and
the extension principle. The author then pro-
ceeds to classical logic and fuzzy logic discussion
on fuzzy rule-based systems. Then he includes
fuzzy nonlinear simulation, which is very impor-
tant in control theory. The author then continues
with fuzzy decision-making, fuzzy classification,
and fuzzy pattern recognition. Fuzzy control sys-
tems gets a chapter of its own, Chapter 13. Since
no text can be totally comprehensive, it has a
chapter on miscellaneous topics and, finally, on
fuzzy measures, including belief plausibility and
probability.

It is a pleasure to read how the author develops
the concept of classical logic as a juxtaposition
between classical predicate and fuzzy logic. He
carefully works his way through the fuzzy logic,
using the well-known and classical example of
the liter-full glass of water becoming empty to
gradually introduce the concept of multiple-value
logic. He gradually moves on to its development,
then also has a section on approximate reasoning,
which is presented as the uitimate goal for the the-
oretical foundation for reasoning about imprecise
propositions, p. 199.

Although there is no complete agreement on
the definition and composition of rules, the au-
thor manages to give a good perspective on each
topic. Chapter 7 is full of examples that definitely
help the reader to grasp the applicability of such
concepts.

A nice feature at the end of each chapter is a
summary and a set of references which provide
the reader with additional sources. The problems
are very practical.

In conclusion, this is a good textbook for a
beginner, particularly for an engigeer who wants
to get a good perspective on the scope of fuzzy
logic in engineering applications. This is one
of the rare cases where the title certainly fits the
content of the book.

MARIALUISA N. MCALLISTER
Moravian College

System Reliability Theory: Models and Statis-
tics Methods. By Arnljot Heyland and Mar-
vin Rausand. John Wiley & Sons, New York,

1994. $69.95. viii+518 pp., cloth. ISBN 0-471-
59397-4.

During the quality revolution of the 1980’s,
there was widespread implementation of statisti-
cal process monitoring and design of experiments
for the purpose of improving the quality of man-
ufactured products. These activities have had a
positive effect on product reliability. Now, how-
ever, manufacturers have begun to focus more
on implementing particular methods to improve
product reliability. Hoyland and Rausand pro-
vide a timely, comprehensive treatment of the
modemn theory of system reliability. The ideas
and methods presented in the book will be im-
portant to practicing professionals as well as to
students and others wanting an introduction to
this interesting, important subject.

1 enjoyed reading the book. I quickly gained
an appreciation for the combination of practical
and technical knowledge exhibited in the writing.
New ideas are always motivated by clear real or
realistic examples. The development is orderly
and the writing style is clear and concise. Each
chapter concludes with a number of interesting
real/realistic problems that allow the reader to ap-
ply and explore the ideas that were developed in
the chapter.

Most of the book deals with advanced prob-
ability models for reliability. The authors do,
however, provide some coverage of analysis of
reliability data. The mathematical level is higher
than the standard engineering-oriented textbooks
on the same subject. Readers without a strong
calculus-based course in probability will have to
struggle through some of the technical develop-
ments. Mathematical tools like matrix algebra,
Laplace transform, and limiting arguments are
used throughout. Hoyland and Rausand cover all
of the standard topics that one would expect to
find in a book on system reliability. The book,
however, is considerably broader than previous
books in the area.

Chapter 1 introduces concepts and technical
terms associated with reliability, quality, avail-
ability, maintainability and so on, and provides a
discussion of different kinds of failures and ideas
behind construction of models.

Chapter 2, entitled “Failure Models,” intro-
duces concepts of failure time models and gives
details on most of the standard and many nonstan-
dard parametric time-to-failure distributions, in-
cluding the exponential, normal, Weibull, lognor-
mal, Pareto, Birnbaum-Saunders, inverse Gaus-
sian, and extreme value distributions.
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Chapter 3, “Qualitative System Analysis,” ex-
plains the concepts and ideas behind tools to de-
scribe, qualitatively, the structural relationships
among components and how these can be related
to overall system reliability. Topics include fail-
ure mode and effects analysis (FMEA), fault tree
analysis, and reliability block diagrams.

Assuming systems of independent compo-
nents with known component reliability, Chap-
ter 4 shows how to use the models from Chapter
3 to develop expressions for overall system re-
liability and other important reliability metrics
like mean time to failure (MTTF), mean time
between failures (MTBF), mean fractional dead
time (MFDT), availability, and so on. The au-
thors include a particularly interesting discussion
of possible periodicities that can arise in system
maintenance/modeling and which require special
consideration (some commonly used limiting re-
sults, for long system-operation times, require
that periodicities disappear, but often they do not
do so in practice because of seasonal differences
or maintenance schedules).

Chapter S describes and illustrates measures
of component importance within a particular sys-
tem. Such measures help design engineers to de-
cide where, in a large system, effort should be
expended to help improve overall system relia-
bility (e.g., low reliability components in criti-
cal positions tend to have the most importance).
This chapter begins with “Birnbaum’s measure,”
based on the partial differential approach of clas-
sical sensitivity analysis. Other methods that
are also discussed and compared in a sequence
of examples are “criticality importance,” the
“Vesely-Fussell measure,” and “improvement-
potential.”

Chapter 6 introduces state-space concepts and
describes and illustrates the use of Markov mod-
els for reliability. These models allow systems to
have more than two stafes. Both time-dependent
and asymptotic solutions are given. Technical
methods used in this chapter are standard but
will be interesting to those who have not seen
Markov models used in reliability/availability ap-
plications. The authors, for example, show how
to usefully define state spaces to extend the inde-
pendent component models that were assumed in
Chapter 4. .

In Chapter 7 the authors introduce counting
process models and show how they can be used
to model a sequence of failurefrepair cycles over
time. The models are motivated and illustrated
with repairable system data. All of the standard

reliability/point process models are covered: the
homogeneous Poisson process, the renewal pro-
cesses, and the nonhomogeneous Poisson pro-
cess. Inferential methods are developed and il-
lustrated for the simpler methods that can be done
effectively by hand.

In Chapter 8 the authors develop a number
of other methods that are useful for the highly
important area of modeling systems with two or
more dependent failure modes. The authors de-
scribe three classes of dependent failures: com-
mon cause failures, cascading failures, and neg-
ative dependencies. With references to material
in earlier chapters, the authors develop and ex-
tend models for describing failure mode depen-
dencies.

Chapter 9 describes and illustrates some im-
portant ideas in the area of nonparametric and
parametric models and methods for life data anal-
ysis. Given that there are numerous book-length
treatments of this subject, it would have to be
said that this chapter is only an introduction to the
area. Emphasis is on simple nonparametric meth-
ods and parametric methods for the exponential
distribution—models for which analyses can be
performed with simple hand computations. The
treatment is, however, sufficient to give the fla-
vor of the methods that are commonly used to
make inferences from reliability data. Lawless
(1982), Nelson (1982), and Crowder, Kimber,
Smith, and Sweeting (1991), for example, pro-
vide more complete coverage of this important
topic.

Chapter 10 introduces some of the concepts
of accelerated life testing, including step-stress
and progressive stress testing. Accelerated tests
are run at higher than usual levels of factors like
cycling rate, temperature, voltage, or pressure.
Extrapolation to use conditions is done through
a physically motivated or physically reasonable
statistical model. This chapter focuses primarily
on possible mathematical structures for regres-
sion models for life data, without much attention
to the physics-of-failure side of the subject that is
essential for work in applied extrapolative prob-
lems. Nelson (1990) remains the seminal refer-
ence here.

Chapter 11 introduces some of the important
ideas of Bayesian analysis where prior “state of
knowledge” information can be combined with
new data to obtain an updated posterior distribu-
tion. The focus here is again on methods that
have convenient analytical solutions. The im-
portant ideas, however, come across nicely. As
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computational capabilities have improved there
has been a resurgence in the development and ap-
plication of Bayesian methods in various areas of
statistics. Among many practitioners, however,
there remains healthy skepticism about the way
that Bayesian methods should be used in prac-
tice. The danger, as outlined in Evans (1989),
is that instead of valid prior information, the in-
put prior to distribution will reflect an engineer’s
wishful thinking about reliability, leading to un-
reasonably optimistic reliability projections. As
in accelerated testing, use of prior information
can be a form of extrapolation (from past product
to future product). We need to give our clients the
same warning that we present in Statistics 101:
extrapolation is dangerous. It should be avoided
whenever possible. There are, however, applica-
tions where it is important to use available, valid,
prior information, but ramifications of its inclu-
sion should be understood by those who interpret
and use the results.

This book would be an excellent text for a
senior-level or a graduate-level course in which
the focus is on the theory of system reliability,
especially for students with strong quantitative
backgrounds.

Because of its modem, comprehensive treat-
ment of the subject, those working in the area
of design engineering or reliability engineering
will want to have this book on their shelves as a
ready reference. Inthisregard, Hoyland and Rau-
sand nicely complement the recently published
Pecht (1995) handbook that provides more on
the qualitative and physical-engineering side of
reliability.
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Numerical Solution of SDE through Com-
puter Experiments. By . E. Kloeden, E. Platen,
and H. Schurz Springer-Verlag, Berlin, 1994.
$49.00. 292 pp., softcover. ISBN 3-540-57074-
8.

While the numerical solution of stochastic differ-
ential equations (SDEs) driven by Brownian mo-
tion and Lebesgue measure has been long studied
by engineers, its mathematical development has
been slow and much fundamental work is fairly
recent. Indeed, the only existing books written
on the subject by mathematicians are the book
of P. E. Kloeden and Eckhard Platen, Numeri-
cal Solution of Stochastic Differential Equations
(Springer-Verlag, 1992) (see its review in SIAM
Review 37, June 95) and the very recent book by
Milstein. The book under review is intended as
a companion volume to the book of Kloeden and
Platen, a sort of “workbook.” Nevertheless, the
authors claim in the preface that it can be used
independently, and I will review it with that as-
sumption made.

The first observation is that this is not a math-
ematics book. Theorems are not stated and no
hint of real proofs is ever given. Instead, vague
statements that are often annoying replace them.
For example, when presenting the Euler scheme
for standard stochastic differential equations, the
Euler scheme is first described, then an exercise is
given, and then a comment is made: “Usually the
Euler scheme gives good numerical results when
the drift and diffusion coefficients are nearly con-
stant. In general, however, it is not particularly
satisfactory and the use of higher order schemes
is recommended” (p. 142).

In the preceding sentences it is not clear what
“good,” “nearly,” and “satisfactory” mean. Since
earlier (p. 140) it is remarked that the Euler
scheme “usually attains the order of strong con-
vergence y = 0.5” (which means a rate of con-
vergence of - if the partition step is 1), one
could assume that either % is not “good,” or —=
is “good,” but that “usually” means that the drift
and diffusion coefficients are “nearly constant.”
At this point the reader really has to refer to Kloe-
den and Platen’s book, or else be content with a
confusingly vague understanding. Moreover, the
above example is typical.

In view of these remarks, the value of the book
rests primarily with the exercises. Here an un-
usual approach is taken: exercises are given for
the reader to use with a computer, and they con-
sist of both a mathematically computational style
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and programming exercises. The programming
problems are written in such a way as to be un-
derstandable to almost anyone, even those who
know almost nothing about programming. There
is pedagogic value in this, since it can in principle
serve to dispel fear of computers by showing how
simple it all is. (However, in this new age, it is
not clear to me that such pedagogic tactics are still
needed!) The mathematical problems are, how-
ever, mostly very easy and unimaginative. They
can still be instructive, but it is a bit of a shame.
There does not seem to be an explicit discussion,
however, that compares the cost of a method (in
terms of the expected number of calculations, for
example) with its asymptotic efficiency, although
of course this theme is implicitly present in the
discussions. This is particularly unfortunate in
Chapter 4. Here, approximation schemes are
given with relatively fast orders of convergence.
To use them, however, one has to simulate ap-
proximate quantities. Here one finds sentences
such as “The multiple stochastic integrals here
canalso be approximated as in (2.3.31)-(2.3.36)"
(p- 154). This is misleading, since the approxi-
mations referred to on p. 83 are complicated and
tedious, and therefore the higher order and faster
schemes, when combined with the necessary sim-
ulations, are in fact slower in practice.

Perhaps the most important chapter is Chapter
5, where the authors consider the problem of ap-
proximating E{g(X1)}, where X7 is the solution
of an SDE at a fixed time T. If the law of X T were
known, a Monte Carlo method would suffice.
Since the law of X is in general unknown, one
combines an approximation scheme for X; with
a Monte Carlo method. Hence the Romberg-
Richardson extrapolation technique (due in the
stochastic case to Talay and Tubaro) is presented,
but even though it is one of the most important
results in the field, no special attention is called
to it. Indeed, throgghout the book, if the reader
were to try to find the best way to do something,
he (she) might be frustrated: while there are often
exercises of the type “Repeat Problem 4.4.2 with
the above mentioned schemes™ (p. 173), there is
1o detailed discussion about when one scheme is
better to use than the other. One is left with the
(false) impression that in practice one just tries a
lot of them to see which is best.

In summary, then, this book*does not stand up
well on its own, and should be treated as a com-
panion book to the book by Kloeden and Platen.
Unfortunately, this book also suffers from some
(but certainly not all!) of the problems indicated

in the preceding. There is also a diskette included
with the book.
PHILIP PROTTER
Purdue University

Morphological Image Operators. By Henk
J. A. M. Heijmans. Academic Press, Boston,
1994. $95.00. 509 PP, cloth. ISBN 0-12-
014599-5.

The collection of reference works in the field
of mathematical morphology has been enriched
with a new text, namely, Morphological Image
Operators, by H. J. A. M. Heijmans. As ex-
pressed by its author, “its main goal is to present
a rigorous mathematical treatment of morphol-
ogy.” This is a modest statement in view of the
content of the book, which represents much more.

First, it organizes the morphological concepts
according to the author’s personal view, which
has the great merit of clarity. The chapters follow
one another in a very pedagogical manner. The
risk taken in writing such a book is indeed too
much rigor. Since the book deals with geometry,
it is appropriate to alternate precise proofs and
intuitive comments or counterexamples. The au-
thor excels in this endeavor, and he demonstrates
as well his ability to go from one level of gen-
erality to another. For example, after stating a
result in the complete lattice framework, he often
applies it to the sets of the Euclidean or digital
planes.

But reducing the book to the quality of its pre-
sentation would limit its scope. As a matter of
fact, there is not a single chapter in which the
author does not make his personal contribution
in terms of original results. In certain chapters,
such as “Adjunctions, Dilations, and Erosions”
(Chap. 5), or “Lattice Representation of Func-
tions™ (Chap. 10), the author’s personal contribu-
tion is preponderant.

The bibliography, concluding each chapter, is
therefore presented in a more lively and criti-
cal way, which clearly outlines the evolution of
ideas. I would like to make a remark, which
should not be considered a critical comment, that
the author has not approached all the topics con-
nected to morphological operators. For instance,
he has left aside the probabilistic aspect of the
method, though it starts from morphological op-
erators (erosion), to create new ones, derived
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from random models. The domain of morpholog-
ical segmentation (hierarchical operators, water-
sheds, their links with the homotopy of functions
and with connected filters, etc.) is only briefly
mentioned in spite of its current growth. Finally,
the algorithmic implementation of the operators
described is not analyzed. In all three cases, this
is a deliberate choice of the author made for ped-
agogical reasons, which allows him to precisely
target his subject, and this is a good thing. Per-
haps it would have been useful to make this choice
explicit in the preface.

At whom is such a book aimed? In his pref-
ace, Heijmans does not answer the question di-
rectly, but mentions that the reader’s mathemat-
ical background need not be considerable. This
is perfectly true. Mathematical morphology only
exploits a small part of lattice theory: in the clas-
sical work done by Birkhoff on this subject, com-
plete lattices represent only 5% of the whole text!
Therefore, the reminder of the necessary notions
proposed by Heijmans in his second chapter is
highly sufficient. Conversely, if one were to write
a monograph on complete lattices, the major part
of its content would come from mathematical
morphology. Itis probably one of the great quali-
ties of the book Morphological Image Operators
to have demonstrated this so powerfully.

The chapter titles are the following: First Prin-
ciples, Complete Lattices, Operators on Com-
plete Lattices, Operators which are Translation
Invariant, Adjunctions, Dilations and Erosions,
Openings and Closings, Hit-or-Miss Topology
and Semi-Continuity, Discretization, Convexity,
Distance, and Connectivity, Lattice Representa-
tions of Functions, Morphology for Grey-Scale
Images, Morphological Filters, Filtering and It-
eration.

JEAN SERRA
Ecole des Mines de Paris

Variational Methods in Image Segmenta-
tion. By Jean-Michel Morel and Sergio Soli-
mini. Birkhduser, Boston, MA, 1995. $49.00.
xvi-+245 pp., ISBN 0-8176-3720-6.

Computer Vision has emerged as a very interest-
ing area of applied mathematics. One of the most
difficult and mathematically interesting problems
in the subject is that of locating object boundaries
in the image of a scene. This of course raises the
question of defining what an object is. During

the early stages of image processing, an object
is taken to mean simply a subset of the image
domain across which some feature of the image
has fairly uniform intensity and the presence of
boundaries is indicated by sharp changes in the
feature intensity. The task is rendered difficult
because of the presence of noise which has to
be filtered out without blurring the object bound-
aries. This amounts to finding the best piece-
wise smooth approximation of a given image. In
one of the simplest formulations, one looks for a
piecewise constant approximation of the image.
That is, find the minimizers of the energy func-
tional

(1)  Eo(K) =/ (u, — g)*dx + AYK|,
o\K

where

Q is the image domain, an open subset in R?;

g is the feature intensity, g : Q@ — R;

K is the union of segment boundaries, thus K
is the segmenting curve;

| K| is the length of the segmenting curve;

u, is a locally constant function on Q\K
whose value in each connected component of
Q\ K equals the average of g in that component;

A is a weight.

Often, functional (1) is too restrictive in many
applications. A more general energy functional
is

E(u, K) =02/ (Vu|*dx
NK
)]

+ (u —g)?dx + AYK)|.
K

The first thing to note is that minimizing E (4, K)
with respect to i with K fixed is the classical
elliptic boundary value problem with a unique
minimizer ux. Hence, the problem reduces to
the problem of minimizing E(ug, K) with re-
spect to K. From a practical point of view,
one would like the minimizing set K to be
a finite set of C! curves. The problem has
proved difficult because of the interaction of the
two-dimensional term depending on u and
the one-dimensional term | X |.

In Part I of the book, the authors survey seem-
ingly different approaches that have been pro-
posed for solving the segmentation problem and
argue that all of these approaches may be inter-
preted as variations of the basic formulation (2).
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Part I includes a constructive proof of the exis-
tence of regular minimizers of the relatively sim-
ple functional (1), as a forerunner of the tech-
niques used to analyze the more complicated
functional (2).

In order to analyze the more general func-
tional (2), one needs to define a sufficiently broad
class of closed subsets of Q2 so that minimizers of
E(ug, K) exist, at least in some weak sense, and
to then analyze to what extent such minimizers
are smooth. The appropriate framework within
which to study subsets of Q2 is geometric measure
theory. In Part II of the book, the authors pro-
vide a concrete introduction to this theory, start-
ing with the definition of the Hausdorff measure.
They then proceed to define and characterize reg-
ular and irregular sets. The important properties,
namely approximate tangent spaces and projec-
tions, are proved. This is followed by the semi-
continuity theorems for the Hausdorff measure.
The last two chapters of Part II introduce recti-
fiability and prove equivalence between rectifia-
bility and regularity.

In Part III, the theory in Part II is applied to
the functional at hand. It is shown that the min-
imizers K of E(ug, K) satisfy certain uniform
density bounds and thus are Ahifors sets. The
main tool is a series of excision lemmas which
assert that if a portion of X is too sparse (den-
sity too low and thus irregular), then it may be
excised. Existence of a minimizer in the class
of Ahlfors sets follows. The strongest regularity
result due to David and Semmes proved in the
last chapter asserts that there is a uniform con-
stant C(£2) such that the whole segmentation K
is contained in a single rectifiable curve of length
< C|K|and which is Ahlfors regular. The ques-
tion whether the minimizing set K is the union
of finitely many C' curyes is still open.

The book is well written and very user-
friendly. Each chapter is introduced by a brief
summary of its aims. Similarly, the lemmas,
propositions, and theorems are well motivated.
Technically difficult proofs are illustrated by a
liberal use of diagrams and augmented by intu-
itive arguments. The bibliography is extensive.

In summary, the book is a very_readable in-
troduction to the mathematical theory of image
segmentation.

JAYANT SHAH
Northeastern University

Introduction to the Modern Theory of Dy-
namical Systems. By Anatole Katok and Boris
Hasselblatt. Cambridge University Press, Cam-
bridge, UK, $79.95. xviii+802 pp., cloth. ISBN
0-521-34187-6. Encyclopedia of Mathematics
and Its Applications, Vol. 54, 1995.

In the film Jurassic Park, the elderly tycoon
(who builds the ili-fated dinosaur theme park
somewhere off Costa Rica) introduces the Jeff
Goldblum character as the resident mathemati-
cian. “I’m not a mathematician; I'm a chaoti-
cian!”, objects Goldblum. My fantasy is that ev-
ery self-proclaimed “chaotician” would be first
a mathematician, and an excellent way to do
so would be to read Introduction to the Mod-
ern Theory of Dynamical Systems, by Anatole
Katok and Boris Hasselblatt, hereafter denoted
IMTDS.

The modern theory of dynamical systems has
come of age. One trivial evidence of this is that
there are fewer and fewer painful references to
“dynamic systems.” In popular science writing,
if not pop films, one even sees dynamical sys-
tems mentioned as having something to do with
“chaos theory,” which is a mixed blessing. What
is more important, a spate of new books has ap-
peared over the past several years which purport
to introduce dynamical systems to a wider, math-
ematically literate audience. The subject is suffi-
ciently vast that each book (except, perhaps, for
IMTDS) develops selected topics at the expense
of others.

Dynamical systems theory has no neat begin-
ning in time, although Poincaré is often credited
as the father of the subject. Colleagues in other
fields sometimes ask me, in apparent annoyance,
“but what exactly is a dynamical system? You
people never define one!™ One can certainly for-
mally speak of a continuous semigroup action on
a topological space, but that approach leads to
the kind of abstract sterility that was the fate of a
good deal of topological dynamics. I much pre-
fer the informal, three-paragraph description in
the opening paragraphs of IMTDS.

The sheer size of the subject owes, in large
part, to its eclectic origins. The authors of
IMTDS enumerate the following principal
branches of modem dynamical systems: er-
godic theory, topological dynamics, differen-
tiable dynamics, and Hamiltonian systems. This
is the only text that I know of which treats
all four of these topics in considerable detail
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at the graduate level. To make a compari-
son, another graduate text which I also like,
Dynamical Systems, by Clark Robinson (CRC
Press, 1995), does not treat ergodic theory, al-
though it does a credible job in the other ar-
eas. This may simply reflect a difference in
training between graduate students in the US
and, say, those of Eastemn Europe. To accom-
modate all those topics, IMTDS is about 800
pages in length. Different instructors might well
teach entirely different courses based on this
book.

What some mathematicians may find want-
ing in IMTDS is modem applied dynamical sys-
tems, but that is not the objective of the book.
A reader who knows some dynamical systems
theory and wants to learn about recent applica-
tions would be better served by reading SIAM
journals or the excellent little book Nonlinear Dy-
namics and Chaos, by Steven Strogatz (Addison-
Wesley, 1994). But “applied” depends on one’s
definitions. There is quite a bit of material on
billiard problems, the geodesic flow, and Hamil-
tonian systems in general, which I would call
classical mathematical physics or mechanics. If
an applied mathematician wanted to use dynam-
ical systems to attack a physical problem, the
ideal preparation might be to read through this
book.

The general level of writing for this text is
about right. The introductions to chapters and
sections are quite readable and what proofs I read
seemed clear and precise without being tedious.
Some topics would be too sophisticated for many
graduate students, but here the instructor can pick
and choose something more appropriate. One
novelty is the emphasis on “cocycles.” Cocycles
come up whenever one needs to solve an equa-
tion of the form g(x) = R¢(F(x))~¢(x), where
R is linear and F is a discrete map. Such “co-
homological equations™ arise in reparameterizing
ODEs, in structural stability problens, and in the
construction of minimal dynamical systems on
the torus. ’

The notes section at the end of the book is
complete and quite helpful. There are hints and
answers provided for a good percentage of the
problems in the book. The problems range from
fairly straightforward ones to results that I re-
member reading in research papers over the last
10-20 years. The appendix includes readable in-
troductions to those portions of topology, func-
tional analysis, surface theory, measure theory,
differential geometry, homology, and Lie theory

that play a role in dynamical systems. I recom-
mend the text as an exceptional reference which
is still a bargain at $80.

RICHARD SWANSON
Montana State University

Approximation Procedures in Nonlinear Os-
cillation Theory. By Nikolai A. Bobylev, Yuri
M. Burman, and Sergey K. Korovin. Walter de
Gruyter, Berlin, 1994. DM 158. xi+272 pp,,
cloth. ISBN 3-11-014132-9.

This is an excellent book on nonlinear analysis,
approximate methods, and applications to oscil-
lation theory. The book is written on the highest
mathematical level, but also in such a way that en-
gineers can enjoy it. A mathematician will find
vivid models of oscillation theory; an engineer
will find ways to apply deep mathematical anal-
ysis to engineering problems; both will see how
approximate methods can be developed to meet
the needs of concrete problems.

The book consists of three chapters. In Chap-
ter 1 (“Basic Concepts™), oscillatory models and
a description of approximate methods to find the
oscillations from these models are presented. The
main models can be described by the following
systems of differential equations:

10)] (% = f@t,x),
dx
(2) 7o fx),

d
L (E) X(I)

3 J
=M (E?) (f,x(®) +u@),

where f(t, x) and the input u(¢) are T-periodic in
t and L(p) and M (p) are polynomials of degree /
and m, respectively, | > m. A T-periodic output
x(t) : [0, T] —» RY is looked for. In the case of
the autonomous system (2), the period T is also
to be determined. Integral and integrofunctional
reformulations of problems (1)-(3) are given.
The following methods to find x(¢) from (1)-(3)
or the corresponding integral equations are de-
scribed: harmonic balance (= Galerkin method
with trigonometric basic functions), quadratures,
collocation, finite differences.
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Chapter 2 (“Existence Theorems for Oscilla-
tory Regimes™) contains a full exposition of the
theory concerning the degree of a mapping, rota-
tion of a completely continuous vector field, fixed
point principles (Brouwer, Browder, Schauder,
and Leray-Schauder among others), with appli-
cations 1o oscillatory systems.

Chapter 3 (“Convergence of Numerical Pro-
cedures”) is the longest in the book. The au-
thors examine the projection and factor methods
for general nonlinear problems and apply the re-
sults to the oscillatory problems and approximate
methods described in Section 1. The global con-
vergence analysis is presented on the basis of the
rotation notion (or the notion of the degree of a
mapping). In the case of “nondegenerate” iso-
lated solution, a priori and a posteriori error esti-
mates are derived.

GENNADI VAINIKKO
Helsinki University of Technology

SELECTED COLLECTIONS

Approximation and Computation. Edited by
R V. M. Zahar. Birkhiuser, Boston, MA, 1994.
$98.00. xtvi + 591 pp., hardcover. ISBN0-8176-
3753-2.

During December of 1993 a conference in
honor of Walter Gautschi was held at Purdue
University. This Festschrift is the proceedings
of that conference. The conference was orga-
nized around four main themes to which Pro-
fessor Gautschi has made many important and
lasting contributions: approximation theory, or-
thogonal polynomié‘ls, quadrature, and special
functions. Thirty-eight refereed papers cover-
ing all aspects of the themes above, as well
as some interdi&:iplinary papers, fill out the
volume.

Approximation Theory, Wavelets and Appli-
cations. Edited by S. P. Singh, A. Carbone, and
B. Watson. Kluwer, Dordrecht, the Netherlands,
1995. $254.00. xxiii + 573 pp., hardcover.
ISBN 0-7923-3334-9.

This proceedings of a NATO Advanced
Study Institute, held at Maratea, Italy, dur-
ing May 1994 is dedicated to Professor E. W.

Cheney. The 40 papers cover the main topics
of multivariate approximation, the theory of
splines, spline wavelets, polynomial and trigono-
metric wavelets, interpolation theory, polyno-
mial and rational approximation, and applica-
tions.

Asymptotic Methods for Elastic Structures.
Edited by P. Ciarlet, L. Trabucho, and J. Viario.
Walter de Gruyter, Berlin, 1995. $128.95.
291 pp., hardcover. ISBN 3-11-014731-9.

The 21 contributions in this volume give
an overall picture of current developments in
asymptotics for elastic structures and their re-
lationship with other areas of applied mathe-
matics, such as numerical analysis, controlla-
bility, homogenization, and optimization. The
papers comprise the proceedings of an interna-
tional conference held at Lisbon, Portugal during
October 1993.

Asymptotic Theories for Plates and Shells.
Edited by R. P. Gilbert and K. Hackl. Longman,
Harlow, England, 1995. £23.00. i+ 131 pp.,
softcover. ISBN 0-582-24875-2.

The papers in this volume were presented
at a minisymposium associated with SIAM’s
40th Anniversary Meeting held at Los Ange-
les during June 1992. The theme of the min-
isymposium was the theory of plates and shells,
with special emphasis on the treatment of dif-
ferent materials and the nonlinearities involved.
Of particular concern are rigorous derivation of
plate and shell models and analytic treatments
using asymptotic methods, formal expansions,
homogenization, and two-scale convergence.

Computation and Control IV. Edited by
K. Bowers and J. Lund. Birkhiuser, Boston, MA,
1995. $98.00. xi + 356 pp., hardcover. ISBN
0-8176-3774-5.

This proceedings of the Fourth Bozeman Con-
ference on Computation and Control, held at
Montana State University during August 1994,
contains 23 papers. The general theme of the pa-
pers is the problem of developing rigorous aumer-
ical methods and computational tools for control
design and analysis.

Electric and Magnetic Fields: From Numeri-
cal Models to Industrial Applications. Edited
by A. Nicolet and R Belmans. Plenum, New
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York, 1995. $105.00. xii + 376 pp., hardcover.
ISBN 0-306-44991-9.

Eighty-five papers from the Second Interna-
tional Workshop on Electric and Magnetic Fields
held at the Catholic University of Leuven, Bel-
gium during May 1994 are contained in this
volume. The main topics of the collection are
coupled problems, CAD and CAM applications,
three-dimensional eddy current and high fre-
quency problems, optimization, and application-
oriented numerical problems.

Enabling Technologies for Petaflops Comput-
ing. Edited by T Sterling, P. Messina, and
P Smith. MIT Press, Cambridge, MA, 1995.
$26.95. x + 180 pp., softcover. ISBN 0-262-
69176-0.

A Petaflops computer (10' floating point op-
erations per second) is for now just a gleam in the
computer scientist’s eye. Making such a com-
puter work will require architectures and soft-
ware that are radically different from anything
that is envisioned today. The papers in this vol-
ume report on key findings of a workshop held
at Pasadena in February 1994 which assessed the
technologies needed for a Petaflops computer and
set near-term research directions.

Free Boundary Problems: Theory and Appli-
cations. Edited byJ. Diaz, M. Herrero, A. Linan,
and J. Vazquez. Longman, Harlow, England,
1995. £23. iii + 219 pp., softcover. ISBN 0-
582-25645-3.

The papers in this proceedings of a conference
held at Toledo, Spain in June 1993 are grouped
under the headings free boundary problems in
European industry, mean curvature flows, phase
transitions and materials sciences, fluid mechan-
ics, combustion problems, free boundary prob-
lems in U.S. industry, mathematigal develop-
ments in free boundary problems, free boundaries
in evolution problems, and control and identifi-
cation.

The Interplay between Differential Geometry
and Differential Equations. Edited by V. V. Ly-
chagin. American Mathematical Society, Prov-
idence, RI, 1995. $98.00. ix + 294 pp., hard-
cover. American Mathematical Society Transla-
tions, Series 2, Vol. 167. ISBN 0-8218-0428-6.

The purpose of this book is to emphasize the
advantage of the algebraic geometry approach to

nonlinear differential equations, including appli-
cations of symplectic methods and the discussion
of quantization problems. One of the common
features of the majority of the papers is the sys-
tematic use of the geometry of jet spaces.

Inverse Problems and Applications to Geo-
physics, Industry, Medicine and Technology.
Edited by D. D. Ang, R Gorenflo, R. Rutman,
T. Van, and M. Yamamoto. Publications of the
HoChiMinh City Mathematical Society, Vol. 2.
HoChiMinh City, Viet Nam, 1995. x + 226 pp.,
softcover. No price or ISBN number given.

This proceedings of the International Work-
shop on Inverse Problems, held at HoChiMinh
City in January 1995, contains the full texts of
22 papers and several abstracts of papers on all
aspects of the theory and applications of inverse
problems. The emphasis is on approximation the-
ory, computational algorithms, and applications.

Inverse Problems in Diffusion Processes.
Edited by H. W, Engl and W. Rundell. Society for
Industrial and Applied Mathematics, Philadel-
phia, PA, 1995. $58.00. xi + 232 pp., softcover.
ISBN 0-89871-351-X.

This collection of eleven expository papers en-
compasses both the theoretical and applied sides
of inverse problems in diffusion processes. The
emphasis is on applications in heat transfer, flow
in porous media, nondestructive evaluation and
other diffusion processes where parametric es-
timation is a critical factor. The papers are
based on lectures presented at a GAMM/SIAM-
sponsored conference held at Lake St. Wolfgang,
near Strobl, Austria, in June 1994.

Mathematical and Numerical Aspects of Wave
Propagation. Edited by G. Cohen. Society for
Industrial and Applied Mathematics, Philadel-
phia, PA, 1995. $106.00. xii 4 808 pp., soft-
cover. ISBN 0-89871-350-1.

This volume comprises the proceedings of the
Third International Conference on Mathemati-
cal and Numerical Aspects of Wave Propaga-
tion which was held at Mandelieu-La Napoule,
France during April 1995. Topics covered
include boundary integral equations, numeri-
cal methods, absorbing boundary conditions,
guided waves, asymptotic methods, inverse prob-
lems and optimal control, domain decomposition
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methods, nonlinear waves, electromagnetism,
water waves, and parallel processing.

The Mathematics of Generalization. ' Edited
by D. Wolpert. Addison-Wesley, Reading, MA,
1995. $31.95. xvii + 441 pp., softcover. ISBN
0-201-40983-6.

The papers in this proceedings of the
SFI/CNLS Workshop on Formal Approaches to
Supervised Learning held at the Santa Fe Institute
in the summer of 1992 have the goal of opening
lines of communication among the various fields
concerned with supervised learning, such as neu-
ral nets, conventional Bayesian statistics, conven-
tional sampling theory statistics, computational
learning theory, artificial intelligence, and ma-
chine learning.

Parallel Processing of Discrete Optimization
Problems. Edited by P. Pardalos, M. Resende,
and K. Ramakrishnan. American Mathematical
Society, Providence, RI, 1995. $89.00. xiv +
374 pp., hardcover. DIMACS Series in Discrete
Mathematics and Computer Science, Vol. 22.
ISBN 0-8218-0240-2.

This volume is the proceedings of a DIMACS
workshop held at Rutgers University in April
1994. The papers cover a wide spectrum of the
most recent algorithms and applications in par-
allel processing of discrete optimization and re-
lated problems. Topics include parallel branch
and bound algorithms, scalability, load balanc-
ing, parallelism and irregular data structures, and
scheduling task graphs on parallel machines.

Recent Developments in Evolution Equations.
Edited by A. McBride and G. Roach. Longman,
Harlow, England, 1995. £23. iv + 251 pp., soft-
cover. ISBN 0-582-24669-5.

The 28 papers in this volume coinprise the pro-
ceedings of a conference held at the University
of Strathclyde in July 1994. The main topics
are semigroups and related subjects connected
with applications to partial differential equations
of evolution type. )

Sympesia Gaussiana, Symposium A: Math-
ematics and Theoretical Physics. Edited by
M. Behara, R Fritsch, and R Lintz. Walter de

Gruyter, Berlin, 1995. DM328. xx + 745 pp.,
hardcover. ISBN 3-110-14476-X.

The 54 papers in this volume are grouped un-
der the headings mathematical education, his-
tory of mathematics, mathematical logic, alge-
bra and number theory, geometry, analysis of
several complex variables, algebraic topology,
quantum groups and g-deformation, computa-
tional physics, relativistic celestial mechanics,
and Gauss and geomagnetism.

Symposia Gaussiana, Symposia B: Statisti-
cal Sciences. Edited by V. Mammitzsch and
H. Schneeweiss. Walter de Gruyter, Berlin, 1995.
DM268. x + 342 pp., hardcover. ISBN 3-110-
14412-3.

This volume contains a selection of refereed
papers presented at the Second Gauss Sympo-
sium grouped under the headings probability the-
ory, probabilistic expert systems, statistical de-
cision theory, simulation and resampling, linear
models and design of experiments, and general
methods and applications.

Variational Inequalities and Network Equilib-
rium Problems. Edited by F Giannessi and
A. Maugeri. Plenum, New York, 1995. $89.50.
xii 4+ 305 pp., hardcover. ISBN 0-306-45007-0.

The 22 papers in this volume explore the the-
ory of variational and quasi-variational inequal-
ities and applications of the theory to equilib-
rium problems in transportation and computer
and electrical networks to market behavior and
to bi-level programming. The papers were pre-
sented at a conference held at Erice, Italy during
June 1994,

ERRATA

In SIAM Review, Vol. 36, No. 1, p. 117, Walter de
Gruyter is listed as co-author with Klaus Deim-
ling of the book Multivalued Differential Equa-
tions (de Gruyter, Berlin, 1992). Professor Deim-
ling is the sole author of the book and Walter de
Gruyter is the book’s publisher.



