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D. Infinite-dimensional system theory and signal processing 

These volumes are geared toward a wide audience of readers, from 
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introduces students to real analytic functions of one or 
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second edition is a more revised and comprehensive 
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Opinion 

Mathematical Articles 
and Bottled Water 
The system for publishing mathematical articles should 
be reformed, and the new system should resemble, on 
the economic side, the bottled water industry. My main 
theses are: (i) the results of mathematical research should 
be available to the public just like tap water, (ii) the role 
of the commercial (and noncommercial) publishers should 
be to sell an upgraded version of the product ("bottled 
water"), and (iii) only a coordinated action of big and 
powerful institutions (i.e., universities and the govern
ment) can bring about the change to the system. 

The advent of electronic databases and the Internet 
changed the economics of mathematics publishing. In the 
past, a mathematical paper used to be sold only once, on 
paper. Recently commercial (and not only commercial) 
journal publishers started collecting journal articles in 
their private databases. Then they started selling access 
to their databases-an article can now be sold an unlim
ited number of times over an indefinite period. Electronic 
databases have a huge technical advantage over paper 
versions of journals-they offer search facilities unparal
leled by anything one can possibly do with paper copies. 

Distinct mathematical results do not compete with 
each other the way various models of automobiles do-a 
mathematician must have access to all known results in 
the field to be efficient and competitive. Hence, universities 
cannot choose between various publishers-they have to 
subscribe to all major journals and databases. This gives 
the publisher of a journal monopoly power, even if the 
company owns only a small proportion of the scientific 
literature in the field. As a result, some journal prices are 
outrageous. The emergence of commercial electronic data
bases only aggravated the situation. 

Mathematical articles should be made available to the 
public in the same way water is. Public money is used to 
provide safe and cheap drinking water to most people. 
Companies selling bottled water exploit the fact that many 
people are willing to pay a premium price for bottled 
water for various reasons-taste, portability, etc. People 
have a choice-to drink tap water, provided free or almost 
free at many locations, or pay an extra fee for extra value. 

The public and private universities and the government 
should create databases for mathematical papers in their 
least refined form. The Mathematics ArXiv is an example 
of such a database. The articles deposited there are not 
refereed. They are available in several electronic formats 
but the typesetting is only as good as the author chooses 
it to be. This is equivalent to tap water. The universities 
and the government should make it mandatory for math
ematicians supported in any way by salaries or grants to 
deposit their articles in one of such databases. 

Journal publishers should be in the business of selling 
"bottled water", i.e., the enhanced version of research arti
cles. The enhancements would include elegant typesetting 
and linking to other articles, for example. If the new system 
is implemented, one might expect thatjournalprices would 
go down. The price of bottled water cannot be too high, as 
long as everyone has access to tap water. 

The new proposed system would work only if the 
universities had a choice to opt out and cancel subscrip
tions to commercial publisher databases. But this will be 
a realistic possibility only when the free, university and 
government supported databases of articles in their raw 
form are complete. One cannot expect that voluntary 
submissions of some articles by some researchers would 
make a difference. An appeal to the universities to create 
free databases and an appeal to the mathematicians to 
deposit their manuscripts in them will have little effect if 
even a small but nonnegligible proportion of researchers 
ignore it. The universities and the government agencies 
such as the National Science Foundation have a legitimate 
claim to ownership of the mathematical results as they are 
the organizations who pay for the research. They should 
make it mandatory for mathematicians to submit their 
preprints to free public databases in the final (revised) form 
before transmitting them to the publishers for typesetting. 

My proposal is far from a new camouflaged form of 
taxation in which the government takes away from mathe
maticians the fruits of their labor. It is much closer to the 
government imposed and enforced traffic laws-even 
extreme libertarians might approve traffic lights. I believe 
that all mathematicians would be happy to distribute their 
theorems for free to all other mathematicians and to the 
general public. Many mathematicians send their recent 
results to their colleagues as paper preprints or electronic 
files, post their articles on their personal web pages, or 
deposit them in public archives. The current system is 
chaotic with the result that for most articles, the access is 
free only to a limited number of people and only for a 
limited amount of time. Only government action could 
introduce order in the system and assure permanent free 
access to all of the mathematical literature for everyone. 

-Krzysztof Burdzy 
University of Washington 
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Letters to the Editor 

Letters to the Editor 

AP Calculus Grading 
I would like to report to the commu
nity on my experience grading the 
2001 AP Calculus exams and the 
conclusions I have drawn from that. 

The AP Calculus scoring system is 
one which is fundamentally unfair to 
the students who take the exam. The 
scoring rubrics in many ways fail to 
reflect the knowledge of calculus 
displayed by the students taking the 
exam, and in some instances egre
giously so. Furthermore, the reading 
system is deliberately designed to 
restrict the exercise of the readers' 
judgment. Throughout the entire 
process, I was frustrated by being 
unable to apply my judgment in scor
ing books and infuriated by being 
forced to score books in ways that I 
felt were simply wrong. All in all, the 
AP Calculus reading was one of the 
worst professional experiences I have 
ever had. Unless and until there are 
major changes, I would never partic
ipate in it again, and I strongly advise 
colleagues not to do so either. 

My desire here is that the necessary 
changes be made, and the reader may 
ask why I am writing a letter to the 
Notices rather than communicating 
about these issues directly with those 
responsible for the exam reading. The 
answer is that I have. I wrote a seven
page letter to the Chief Reader. His 
reply consisted of a one-paragraph 
brush-off. Thus I think that the only 
way to effect change is to bring the 
problem into the open. 

I have already used some AP ter
minology, which I must define. We 
are not graders, but readers, and we 
do not grade exams, but rather read 
books. The standards for reading each 
of the problems in the books are 
called scoring rubrics, and readers 
are given these rubrics, which we must 
follow to the letter, at briefings. The 
Chief Reader is in charge of the whole 
process, with a hierarchy reaching 
down to the ordinary readers. 

Let me propose the following two 
grading axioms: 

Axiom 1. An answer which is math
ematically correct, correctly expressed, 
and supported by correct reasoning, 
shall be given full credit. 
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Axiom 2. An answer, correct or 
incorrect, the reasoning for which is 
totally specious, shall be given no 
credit. 

The readers of the Notices will un
doubtedly question my sanity when I 
claim that these axioms are violated 
in the AP reading process, but they 
are. 

I regard Axioms 1 and 2 as self
evident. I propose a third axiom, 
perhaps not self-evident, but still, I 
think, pretty clear. 

Axiom 3. Readers who, using their 
best professional judgment, are con
vinced beyond a reasonable doubt of 
the correctness of a student's solution 
may overlook harmless omissions and 
inconsequential errors and assign full 
credit for the solution. 

This axiom is also violated. Fur
thermore, there are many other 
instances where the scoring rubrics 
reflect extremely poor judgment, 
resulting in scoring books in ways 
that are unreasonable and unfair. 

The readers of this letter will 
naturally want proof of these claims. 
Unfortunately, the space available 
for letters in the Notices precludes 
giving it here. Instead, I have posted 
a slightly modified version of my 
letter to the Chief Reader on my web
site, at http: I lwww. lehigh. edul 
~shw2lap2001. html, where exten
sive detailed evidence may be found. 

In summary, the AP calculus scor
ing system is badly broken. It urgently 
needs to be fixed-not tinkered with, 
but fixed. I regard adoption of my 
axioms as necessary elements of any 
repair, but in any event what is nec
essary is a complete reexamination 
of the scoring system from the ground 
up. Nothing less will do. 

-Steven H. Weintraub 
Lehigh University 

(Received December 4, 2001) 

Response to Weintraub 
We regret that Steven Weintraub felt 
frustrated by his experience at the 
2001 AP Calculus Reading. For a dif
ferent perspective on the positive ex
periences of participating in the Read
ing, we invite everyone to read the 
letter by Roger Howe of Yale Univer
sity that appeared in the November 
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1995 Notices (http: I lwww. ams. orgl 
noticesl199511lletters.pdf). 

Readers are asked to exercise their 
judgment in evaluating student solu
tions (not just answers) within the 
context of the philosophy and guide
lines established by the scoring 
rubrics and in agreement with the in
structions given in each problem and 
for the exam as a whole. We recognize 
that not every Reader will agree with 
every scoring decision, but we firmly 
believe that the final AP grade accu
rately, consistently, and fairly reflects 
student achievement. Weintraub has 
raised some important concerns, and 
we do take them seriously, as we do 
all comments from Readers. 

The statistical evidence does not 
support the contention that the scor
ing system is fundamentally unfair 
to students. Analyses have shown that 
the AP Calculus exam grades of 1 to 
5 correlate well with other measures 
of student achievement, including col
lege grades in subsequent mathe
matics courses. Student scores on the 
free-response problems, the ones 
graded at the Reading, have a high 
correlation with the scores on the 
multiple-choice section of the exam. 
AP Calculus traditionally has one of 
the highest reliability coefficients 
among all AP exams (reliability of the 
AP grade is a statistical measure that 
shows to what extent the grade would 
have been the same if the student had 
taken a different form of the exam 
and if the responses had been scored 
by different faculty consultants). 

Over 600 college and high school 
faculty participate in the Reading, 
grading over one million calculus 
problems. It is impossible to involve 
every Reader in the development of 
the rubrics, but they are set by pro
fessional mathematicians using their 
professional judgment. The Chief 
Reader develops preliminary rubrics 
in consultation with the AP Calculus 
Development Committee as the prob
lems are written. Before the Reading 
starts, the Chief Reader meets with the 
exam and question leaders to discuss, 
argue, agree, and sometimes disagree 
about how to allocate partial credit 
among the nine possible points on 
each of the six problems. A final con
sensus on the rubrics emerges after 
examinations of hundreds of actual 
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student responses and lengthy dis
cussions with the eighty table leaders, 
all of whom have many years of ex
perience with the AP Program and 
with the difficulty of fairly grading 
thousands of exams (almost 185,000 
in 2001). After the Reading is com
pleted, the composite scores based 
upon 108 points from the multiple
choice and free-response sections are 
converted to an AP grade of 1 to 5 by 
the Chief Reader in consultation with 
statisticians from Educational Test
ing Service. Decisions on cut scores 
are based on such factors as statisti
cal information based on common 
multiple-choice items in the current 
exam and one or more past exams, 
studies comparing college student 
and AP student scores on both mul
tiple-choice items and free-response 
problems, AP grade distributions from 
past years, and observations from the 
Reading. 

The issues raised in Weintraub's 
"axioms" have been considered re
peatedly and thoroughly over the 
years by the mathematics faculty who 
have participated in many Readings. 
Situations that arise in grading indi
vidual solutions revive these discus
sions. The positions taken at the 2001 
Reading reflected established prac
tices that these repeated considera
tions have eventually supported. 

One of the primary goals through
out the process is that a student 
should receive the same score for a 
problem regardless of which Reader 
grades that problem. Axiom 1 is a 
guiding principle in every scoring 
rubric, but still allows interpretation 
about the depth that is needed to be 
"correct." One problem with Axioms 
2 and 3 is interpreting "totally spe
cious" and deciding what are "harm
less omissions and inconsequential 
errors." Even if everyone agreed with 
these axioms, there is subjective eval
uation about levels of "correctness," 
especially when "completeness" is 
part of the correctness. If Axioms 2 
and 3 were to be adopted in full, con
sistency and fairness would certainly 
suffer, and students would be much 
more at the mercy of individual 
Reader attitudes. What would not be 
fair is to have the student's score de
pend to a large degree on who graded 
the paper. 

MAY 2002 

We invite college faculty to partic
ipate in the AP Reading as the program 
continues to strive to improve even 
more the grading of the AP Calculus 
exam. 

-Larry Riddle 
Chief Reader, 2000-2003 

Agnes Scott College 

-Bernard Madison 
Chief Reader, 1996-1999 

University of Arkansas 

-Ray Cannon 
Chief Reader, 1992-1995 

Baylor University 

-George Rosenstein 
Chief Reader, 1988-1991 

Franklin and Marshall College 

(Received February 5, 2002) 

Contribution of John Nash 
to General Topology and Real 
Analysis 
With the release of the movie A Beau
tiful Mind and the publication of sev
eral books, it is now widely known 
that John F. Nash Jr. did research in 
the theory of games which revolu
tionized economics. In other areas of 
mathematics his work is rated even 
more highly by mathematicians. 

One of his lesser-known mathe
matical contributions is a problem he 
posed in 1956 that stimulated exten
sive research in general topology and 
real analysis. In "Research Problem 1: 
Generalized Brouwer Theorem" [Bull. 
Amer. Math. Soc. 62 (1956), 76], Nash 
defined a "connectivity map" from a 
space A into a space B to be one such 
that the induced map A - A x B pre
serves the connectedness of any con
nected set in A. He asked if every con
nectivity map of a cell into itself must 
have a fixed point. 

Motivation for this problem stems 
from the fact that to prove the 
Brouwer fixed point theorem for di
mension 1, we need the function to 
have merely a connected graph, which 
is a consequence of continuity. So it 
is natural to ask if the result is true 
for higher dimensional cells for a con
nectivity function. 
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0. H. Hamilton showed that the 
problem has an affirmative solution 
["Fixed points for certain noncontin
uous transformations", Proc. Amer. 
Math. Soc. 8 (1957), 750-756], but his 
proof contained a gap. This gap was 
filled by]. Stallings ["Fixed point the
orems for connectivity maps", Fund. 
Math. 47 (1959), 249-263], and the 
importance of connectivity functions 
was established. Moreover, Hamilton 
introduced peripherally continuous 
functions and Stallings introduced 
almost continuous functions, both of 
which are closely related to connec
tivity functions. These together with 
the previously known connected or 
Darboux functions and their general
izations began to be studied widely. 

The following beautiful character
ization of connectivity functions was 
discovered by S. K. Hildebrand and 
D. E. Sanderson ["Connectivity func
tions and retracts", Fund. Math. 57 
(1965), 237-245]. 

Theorem. Let f : (X, T) - (Y, T') 
be a function and consider the topol
ogyT generated byT u f - 1(T') on X. 
Then f is a connectivity function if and 
only if T and T induce the same fam
ily of connected sets in X. 

Further references may be found 
by consulting MathSciNet and issues 
of the journals Real Analysis Exchange 
and Fundamenta Mathematica. 

-Som Naimpally 
Lakehead University 

(Received January 17, 2002) 

Software Patents 
When asked about software patents, 
Donald Knuth [Notices, March 2002] 
conjectured that it might be possible 
to patent a 300-digit integer. The read
ers might be interested to know that 
I have already patented a 309-digit 
integer as claim 3 7 of U.S. Patent 
5,373,560, issued in 1994. It relates to 
cryptography, and it is not as inter
esting as what Knuth had in mind. At 
the time, some people thought that 
patenting a number was a new ex
treme in silly software patents, but 
now we have business method patents 
that are even sillier. 

-Roger Schlafly 
(Received February 13, 2002) 

543 



Mathematical Challenges 
from Genomics and 
Molecular Biology 
Richard M. Karp 

A fundamental goal of biology is to un
derstand how living cells function. This 
understanding is the foundation for all 
higher levels of explanation, including 
physiology, anatomy, behavior, ecology, 

and the study of populations. The field of molec
ular biology analyzes the functioning of cells and 
the processes of inheritance principally in terms of 
interactions among three crucially important classes 
of macromolecules: DNA, RNA, and proteins. 
Proteins are the molecules that enable and execute 
most of the processes within a cell. DNA is the car
rier of hereditary information in the form of genes 
and directs the production of proteins. RNA is a key 
intermediary between DNA and proteins. 

Molecular biology and genetics are undergoing 
revolutionary changes. These changes are guided by 
a view of a cell as a collection of interrelated sub
systems, each involving the interaction among many 
genes and proteins. Emphasis has shifted from the 
study of individual genes and proteins to the explo
ration of the entire genome of an organism and the 
study of networks of genes and proteins. As the level 
of aspiration rises and the amount of available data 
grows by orders of magnitude, the field becomes 
increasingly dependent on mathematical modeling, 
mathematical analysis, and computation. In the 
sections that follow we give an introduction to the 

Richard M. Karp is a member of the International Computer 
Science Institute (ICSI), Berkeley, and a University Professor 
at the University of California, Berkeley. His e-mail address 
is karp@i csi . berkeley. edu. 

This article grew out of a lecture presented by Karp at 
the meeting "Mathematical Challenges of the 21st Century", 
sponsored by the AMS and held at the University of 
California, Los Angeles, in August 2000. The article will also 
appear in a planned proceedings volume for the m eeting. 

mathematical and computational challenges that 
arise in this field, with an emphasis on discrete 
algorithms and the role of combinatorics, opti
mization, probability, statistics, pattern recognition, 
and machine learning. 

We begin by presenting the minimal information 
about genes, genomes, and proteins required to 
understand some of the key problems in genomics. 
Next we describe some of the fundamental goals of 
the molecular life sciences and the role of genomics 
in attaining these goals. We then give a series of 
brief vignettes illustrating algorithmic and mathe
matical questions arising in a number of specific 
areas: sequence comparison, sequence assembly, 
gene finding, phylogeny construction, genome re
arrangement, associations between polymorphisms 
and disease, classification and clustering of gene 
expression data, and the logic of transcriptional 
control. An annotated bibliography provides point
ers to more detailed information. 

Genes, Genomes, and Proteins 

The Double Helix 
The field of genetics began with Gregor Mendel 
(1865), who postulated the existence of discrete 
units of information (which later came to be called 
genes) that govern the inheritance of individual 
characteristics in an organism. In the first half of 
the twentieth century it was determined that the 
genes are physically embodied within complex 
DNA macromolecules that lie within structures 
called chromosomes which occur in every living 
cell. This set the stage for the epochal discovery 
of the structure of DNA by Watson and Crick in 
1953 . They showed that a DNA molecule is a 
double helix consisting of two strands. Each helix 

544 NOTICES OF THE AMS VOLUME 49, NUMBER 5 



is a chain of bases, chemical units of four types: A, 
C, T, and G. Each base on one strand is joined by 
a hydrogen bond to a complementary base on the 
other strand, where A is complementary to T, and 
Cis complementary to G. Thus the two strands con
tain the same information. Certain segments within 
these chromosomal DNA molecules contain genes, 
which are the carriers of the genetic information 
and, in a sense to be explained later, spell the 
names of the proteins. Thus the genetic informa
tion is encoded digitally, as strings over the four
letter alphabet {A, C, T, G}, much as information 
is encoded digitally in computers as strings of 
zeros and ones. 

In humans there are forty-six chromosomes. 
All but two of these (the sex chromosomes) occur in 
pairs of "homologous" chromosomes. Two homol
ogous chromosomes contain the same genes, but 
a gene may have several alternate forms called 
alleles, and the alleles of a gene on the two chromo
somes may be different. 

The total content of the DNA molecules within the 
chromosomes is called the genome of an organism. 
Within an organism, each cell contains a complete 
copy of the genome. The human genome contains 
about three billion base pairs and about 3 5,000 genes. 
Proteins 
Proteins are the workhorses of cells. They act as 
structural elements, catalyze chemical reactions, 
regulate cellular activities, and are responsible for 
communication between cells. A protein is a linear 
chain of chemical units called amino acids, of which 
there are twenty common types. The function of a 
protein is determined by the three-dimensional 
structure into which it folds. One of the premier 
problems in science is the protein folding problem 
of predicting the three-dimensional structure of a 
protein from its linear sequence of amino acids. 
This problem is far from being solved, although 
progress has been made by a variety of methods. 
These range from numerical simulation of the 
physical forces exerted by the amino acids on 
one another to pattern recognition techniques 
which correlate motifs within the linear amino acid 
sequence with structural features of a protein. 
From Genes to Proteins 
The fundamental dogma of molecular biology is that 
DNA codes for RNA and RNA codes for protein. Thus 
the production of a protein is a two-stage process, 
with RNA playing a key role in both stages. An RNA 
molecule is a single-stranded chain of chemical 
bases of four types: A, U, C, and G. In the first stage, 
called transcription, a gene within the chromosomal 
DNA is copied base-by-base into RNA according to 
the correspondence A ~ U, C ~ G, T ~ A, G ~ C. 
The resulting RNA transcript of the gene is then 
transported within the cell to a molecular machine 
called a ribosome which has the function of trans
lating the RNA into protein. Translation takes place 

according to the genetic code, which maps succes
sive triplets of RNA bases to amino acids . With 
minor exceptions, this many-to-one function from 
the sixty-four triplets of bases to the twenty amino 
acids is the same in all organisms on Earth. 
Regulation of Gene Expression 
All the cells within a living organism (with the ex
ception of the sperm and egg cells) contain nearly 
identical copies of the entire genome of the organ
ism. Thus every cell has the information needed to 
produce any protein that the organism can produce. 
Nevertheless, cells differ radically in the proteins 
that they actually produce. For example, there are 
more than 200 different human cell types, and most 
proteins are produced in only a subset of these cell 
types. Moreover, any given cell produces different 
proteins at different stages within its cycle of oper
ation, and its protein production is influenced by its 
internal environment and by the signals impinging 
upon it from other cells. 

It is clear, then, that the expression of a gene within 
a cell (as measured by the abundance and level of 
activity of the proteins it produces) is regulated by 
the environment of the cell. Transcription of a gene 
is typically regulated by proteins called transcrip
tion factors that bind to the DNA near the gene and 
enhance or inhibit the copying of the gene into RNA. 
Similarly, translation can be regulated by proteins 
that bind to the ribosome. Certain post-translational 
processes, such as the chemical modification of the 
protein or the transport of protein to a particular 
compartment in the cell can also be regulated so 
as to affect the activity of the protein. Thus gene 
expression can be viewed as a complex network of 
interactions involving genes, proteins, and RNA, as 
well as other factors such as temperature and the 
presence or absence of nutrients and drugs within 
the cell. 

The Goals ofGenomics 
In this section we enumerate some of the goals of 
genomics. 

1. Sequence and compare the genomes of differ
ent species. To sequence a genome means to 
determine its sequence of bases. This sequence 
will, of course, vary from individual to indi
vidual, and those individual differences are of 
paramount importance in determining each 
individual's genetic makeup, but there is 
enough agreement to justify the creation of a 
composite reference genome for a species. For 
example, any two humans will have the same 
complement of genes (but different alleles) 
and will agree in about 999 bases out of 1,000. 

The sequencing of the human genome 
has been a central goal of the world genomics 
community since 1990. Draft sequences were 
completed in February 2001, and the quest 
continues for a much more accurate sequence. 
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This achievement was preceded by the se
quencing of many bacterial genomes, yeast, 
the nematode, and, in June 1999, the fruit fly 
Drosophila melanogaster. The sequencing of 
a new organism is often of value for medical, 
agricultural, or environmental studies. In 
addition, it may be useful for comparative 
studies with related organisms. 

2. Identify the genes and determine the func
tions of the proteins they encode. This process 
is essential, since without it a sequenced 
genome is merely a meaningless jumble of A's, 
C's, T's, and G's. Genes can be identified by 
methods confined to a single genome or by 
comparative methods that use information 
about one organism to understand another 
related one. 

3. Understand gene expression. How do genes 
and proteins act in concert to control cellular 
processes? Why do different cell types express 
different genes and do so at different times? 

4. Trace the evolutionary relationships among ex
isting species and their evolutionary ancestors. 

5. Solve the protein folding problem: From the 
linear sequence of amino acids in a protein, 
determine the three-dimensional structure into 
which it folds. 

6. Discover associations between gene mutations 
and disease. Some diseases, such as cystic fi
brosis and Huntington's disease, are caused 
by a single mutation. Others, such as heart 
disease, cancer, and diabetes, are influenced 
by both genetic and environmental factors, 
and the genetic component involves a combi
nation of influences from many genes. By 
studying the relation between genetic endow
ment and disease states in a population of 
individuals, it may be possible to sort out the 
genetic influences on such complex diseases. 

Having completed our brief survey of the gen
eral goals of genomics, we now turn to a number 
of examples of specific problems in genomics. 
These typically involve the creation of a mathe
matical model, the development of an algorithm, 
and a mathematical analysis of the algorithm's 
performance. 

Sequence Comparison 
The similarity of a newly discovered gene or protein 
to known genes or proteins is often an indication of 
its importance and a clue to its function. Thus, 
whenever a biologist sequences a gene or protein, 
the next step is to search the sequence databases 
for similar sequences. The BLAST (Basic Local 
Alignment Search Tool) program and its successive 
refinements serve this purpose and are the most im
portant single software tool for biologists. 

In preparation for giving a measure of the 
similarity between two sequences of residues (i.e., 

bases or amino acids), we need a definition: An 
alignment of a pair of sequences x and y is a new 
pair of sequences x' and y' of equal length such 
that x' is obtained from x andy' is obtained from 
y by inserting occurrences of the special space 
symbol (-).Thus, if x = acbcdb andy = abbdcdc, 
then one alignment of x and y is as follows: 

x' = a - c b c - d b, 
y' = a b - b d c d c. 
Given an alignment of two sequences x andy, it 

is natural to assess its quality (i.e., the extent to which 
it displays the similarity between the two sequences) 
as a score, which is the sum of scores associated 
with the individual columns of the alignment. The 
score of a column is given by a symmetric scoring 
function u that maps pairs of symbols from the al
phabet L u {-} to the real numbers, where L is the 
set of residues. Normally we will choose u(a, a) > 0 
for all symbols a E L, so that matched symbols 
increase the score of the alignment, and u(a,-) < 0 
for all a E L, so that misalignments are penalized. 
In the case of the alphabet of amino acids, u(a, b) 
reflects the frequency with which amino acid a 
replaces amino acid b in evolutionarily related 
sequences. 

The global alignment problem is to find the 
optimal alignment of two strings x and y with 
respect to a given scoring function u. A dynamic 
programming algorithm called the Needleman
Wunsch algorithm solves this problem in a num
ber of steps proportional to the product of the 
lengths of the two sequences. A straightforward 
implementation of this algorithm requires space 
proportional to the product of the lengths of the 
two sequences, but there is a refinement which, at 
the cost of doubling the execution time, reduces 
the space requirement to m + log n, where m and 
n are the lengths of the shorter and the longer of 
the two sequences. 

A related problem is that of local alignment, in 
which we seek the highest score of an alignment be
tween consecutive subsequences of x andy, where 
these subsequences may be chosen as desired. 
Such an alignment is intended to reveal the extent 
of local similarity between sequences that may not 
be globally similar. This problem can be solved 
within the same time and space bounds as the 
global alignment problem, using a dynamic pro
gramming algorithm due to Smith and Waterman. 

A gap is a sequence of consecutive columns in 
an alignment in which each symbol of one of the 
sequences (x' or y') is the space symbol (- ). Gaps 
typically correspond to insertions or deletions of 
residue sequences over the course of evolution. 
Because mutations causing such insertions and 
deletions may be considered a single evolutionary 
event (and may be nearly as likely as the insertion 
or deletion of a single residue), we may wish to 
assign a (negative) score to a gap which is greater 
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than the sum of the (negative) scores of its columns. 
The above dynamic programming algorithms can 
be adapted for this purpose. 

One of the most commonly occurring tasks in 
computational genomics is to search a database for 
sequences similar to a given sequence. BLAST is a 
set of programs designed for this purpose. Ideally, 
it would be desirable to scan through the entire data
base for high-scoring local alignments, but this 
would require a prohibitive amount of computation. 
Instead, a filtering program is used to find regions 
of the database likely to have a high-scoring local 
alignment with the given sequences; the full 
local alignment algorithm is then used within 
these regions. One principle underlying the filter
ing program is that two sequences are likely to 
have a high-scoring local alignment only if there 
is a reasonably long exact match between them. 
Multiple Alignment 
The concept of an alignment can be extended to 
alignments of several sequences. A multiple align
ment of the sequences x1, xz, ... , Xn is an n-tuple 
(x~, x2, ... , x~) of sequences of equal length where, 
fori= 1, 2, ... , n, the sequence x; is obtained from 
Xi by inserting occurrences of the space symbol. 

Just as in the case of a pairwise alignment, the 
scoring of a multiple alignment is based on a sym
metric score function 0' from (L u {-} )2 into the real 
numbers; usually we take 0'(-, -)to be zero. The 
score of a multiple alignment is then computed 
column by column. The sum-of-pairs scoring method, 
in which the score of a multiple alignment is the 
sum of O'(a, b) over all aligned pairs of symbol 
occurrences, is a natural choice, with the convenient 
property that the score of an alignment is the sum 
of the scores of its induced pairwise alignments. 

For the commonly used scoring methods, the 
problem of finding a maxinlum-score multiple align
ment of a set of sequences is NP-hard, and various 
heuristics are used in practice. 
Hidden Markov Models 
Multiple alignments are an important tool for ex
hibiting the similarities among a set of sequences. 
Hidden Markov models (HMMs) provide a more 
flexible probabilistic method of exhibiting such 
similarities. An HMM is a Markov chain that sto
chastically emits an output symbol in each state. 
It is specified by a finite set of states, a finite set 
of output symbols, an initial state, transition prob
abilities p(q, q'), and emission probabilities e(q, b). 
Here p(q, q') is the probability that the next state 
is q' given that the present state is q, and e(q, b) 
is the probability of emitting output symbol b in 
state q. In typical biological applications the out
put symbols are residues (nucleotides or amino 
acids), and an HMM is used to represent the sta
tistical features of a family of sequences, such as 
the family of globin proteins. A subsequent section 

describes the construction of an HMM represent
ing the statistical features of human genes. 

An HMM for a family of sequences should have the 
property that sequences in the family tend to be gen
erated with higher probability than other sequences 
of the same length. In view of this property, one can 
judge whether any given sequence lies in the family 
by computing the probability that the HMM generates 
it, a task that can be performed efficiently by a sim
ple dynamic programming algorithm. 

In order to construct a hidden Markov model of 
a family of sequences, one needs a training set 
consisting of representative sequences from the 
family. The first step in constructing the HMM is to 
choose the set of states and the initial state and 
to specify which transition probabilities and 
which emission probabilities can be nonzero. These 
choices are guided by the modeler's knowledge of 
the family. Given these choices, one can use the 
EM-algorithm to choose the numerical values of 
the nonzero transition probabilities and emission 
probabilities in order to maximize the product of 
the emission probabilities of the sequences in the 
training set. 

Sequence Assembly 
The genomes of different organisms vary greatly 
in size. There are about 3 billion base pairs in 
the human genome, 120 million in the genome of 
the fruit fly Drosophila melanogaster, and 4. 7 million 
in the genome of the bacterium E. coli. There is no 
magic microscope than can simply scan across a 
genome and read off the bases. Instead, genomes 
are sequenced by extracting many fragments called 
reads from the genome, sequencing each of these 
reads, and then computationally assembling the 
genome from these reads. The typical length of a 
read is about 500 bases, and the total length of all 
the reads is typically five to eight times the length of 
the genome. The reads come from initially unknown 
locations distributed more or less randomly across 
the genome. The process of sequencing a read is 
subject to error, but the error rate is usually low. 

Shotgun sequencing is conceptually the sim
plest way to assemble a genome from a set of 
reads. In this method the reads are compared in 
pairs to identify those pairs that appear to have a 
significant overlap. Then the reads are aligned in 
a manner consistent with as many of these over
laps as possible. Finally, the most likely genomic 
sequence is derived from the alignment. 

During the 1990s The Institute for Genomic Re
search (TIGR) used the shotgun method to sequence 
the genomes of many microorganisms, of size up 
to about five megabases. However, the method was 
not believed to be applicable to organisms, such 
as Homo sapiens, having much larger genomes 
containing many repeat families. Repeat families 
are sequences that are repeated with very little 
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variation throughout a genome. For example, the 
ALU repeat family consists of nearly exact repeti
tions of a sequence of about 280 bases covering 
about 10 percent of the human genome. Repeat fam
ilies in a genome complicate the sequence assembly 
process, since matching sequences within two 
reads may come from distinct occurrences of a 
repeat sequence and therefore need not indicate 
that the reads overlap. 

The Human Genome Project, an international 
effort coordinated by the U.S. Department of En
ergy and the National Institutes of Health, favors 
a divide and conquer approach over the shotgun 
sequencing approach. The basic idea is to reduce 
the sequencing of the entire genome to the se
quencing of many fragments called clones of length 
about 130,000 bases whose approximate locations 
on the genome have been determined by a process 
called physical mapping. 

In 1998 the biologist Craig Venter established eel
era Genomics as a rival to the Human Genome Pro
ject and set out to sequence the human genome us
ing the shotgun sequencing approach. Venter was 
joined by the computer scientist Gene Myers, who had 
conducted mathematical analyses and simulation 
studies indicating that the shotgun sequencing ap
proach would work provided that most of the reads 
were obtained in pairs extracted from the ends of 
short clones. The advantage of using paired reads 
is that the approximate distance between the two 
reads is known. This added information reduces the 
danger of falsely inferring overlaps between reads 
that are incident with different members of the same 
repeat family. Celera demonstrated the feasibility 
of its approach by completing the sequencing of 
Drosophila melanogaster(the fruit fly) in March 2000. 

In February 2001 Celera and the Human Genome 
Project independently reported on their efforts 
to sequence the human genome. Each group had 
obtained a rough draft sequence covering upwards 
of 90 percent of the genome but containing numer
ous gaps and inaccuracies. Both groups are contin
uing to refine their sequences. The relative merits 
of their contrasting approaches remain a topic of 
debate, but there is no doubt about the significance 
of their achievement. 

Gene Finding 
Although the sequencing of the human genome is 
a landmark achievement, it is not an end in itself. 
A string of three billion A's, C's, T's, and G's is of 
little value until the meaning hidden within it has 
been extracted. This requires finding the genes, 
determining how their expression is regulated, 
and determining the functions of the proteins they 
encode. These are among the goals of the field of 
functional genomics. In this section we discuss the 
first of these tasks, gene finding. 

Living organisms divide into two main classes: 
prokaryotes, such as bacteria and blue-green algae, 
in which the cell does not have a distinct nucleus, 
and eukaryotes, in which the cells contain visibly 
evident nuclei and organelles. Gene finding within 
prokaryotes is relatively easy because each gene 
consists of a single contiguous sequence of bases. 
In higher eukaryotes, however, a gene typically 
consists of two or more segments called exons that 
code for parts of a protein, separated by noncod
ing intervening segments called introns. In the 
process of transcription the entire sequence of 
exons and introns is transcribed into a pre-mRNA 
transcript. Then the introns are removed and the 
exons are spliced together to form the mRNA tran
script that goes to a ribosome to be translated 
into protein. Thus the task of gene identification 
involves parsing the genomic region of a gene 
into exons and introns. Often this parsing is not 
unique, so that the same gene can code for several 
different proteins. This phenomenon is called 
alternative splicing. 

The identification of a gene and its parsing into 
exons and introns is based on signals in the ge
nomic sequence that help to identify the beginning 
of the first exon of a gene, the end of the last exon, 
and the exon-intron boundaries in between. Some 
of these signals derive from the nature of the ge
netic code. Define a codon as a triplet of DNA bases. 
Sixty-one of the sixty-four codons code for specific 
amino acids. One of these (ATG) is also a start 
codon determining the start of translation. The 
other three codons (T AA, TAG, and TGA) are stop 
codons which terminate translation. It follows that 
the concatenation of all the exons starts with ATG 
(with occasional exceptions) and ends with one of 
the three stop codons. In addition, each intron 
must start with GT and end with AG. There are also 
important statistical tendencies concerning the 
distribution of codons within exons and introns and 
the distribution of bases in certain positions near 
the exon-intron boundaries. These deterministic sig
nals and statistical tendencies can be incorporated 
into a hidden Markov model for generating ge
nomic sequence. Given a genomic sequence, one 
can use a dynamic programming algorithm called 
the Viterbi algorithm to calculate the most likely 
sequence of states that would occur during the 
emission of the given sequence by the model. Each 
symbol is then identified as belonging to an exon, 
intron, regulatory region, etc., according to the 
state that the HMM resided in when the symbol was 
emitted. 

Another approach to gene finding is based on 
the principle that functioning genes tend to be 
preserved in evolution. Two genes in different 
species are said to be orthologous if they are de
rived from the same gene in a common ancestral 
species. In a pair of species that diverged from 
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one another late in evolution, such as man and 
mouse, one can expect to find many orthologous 
pairs of genes which exhibit a high level of se
quence similarity; hence the fact that a sequence 
from the human genome has a highly similar coun
terpart in the mouse increases the likelihood that 
both sequences are genes. Thus one can enhance 
gene finding in both man and mouse by aligning 
the two genomes to exhibit possible orthologous 
pairs of genes. 

Phylogeny Construction 
The evolutionary history of a genetically related 
group of organisms can be represented by a phylo
genetic tree. The leaves of the tree represent extant 
species. Each internal node represents a postulated 
speciation event in which a species divides into two 
populations that follow separate evolutionary paths 
and become distinct species. 

The construction of a phylogenetic tree for a group 
of species is typically based on observed properties 
of the species. Before the era of genomics these prop
erties were usually morphological characteristics 
such as the presence or absence of hair, fur, or 
scales or the number and type of teeth. With the 
advent of genomics the trees are often constructed 
by computer programs based on comparison of 
related DNA sequences or protein sequences in 
the different species. 

An instance of the phylogeny construction prob
lem typically involves n species and m characters. For 
each species and each character a character state is 
given. If, for example, the data consists of protein 
sequences of a common length aligned without gap 
symbols, then there will be a character for each 
column of the alignment, and the character state will 
be the residue in that position. The output will be a 
rooted binary tree whose leaves are in one-to-one 
correspondence with the n species. 

The informal principle underlying phylogenetic 
tree construction is that species with similar char
acter states should be close together in the tree. 
Different interpretations of this principle yield dif
ferent formulations of the tree construction prob
lem as an optimization problem, leading to several 
classes of tree construction methods. In all cases, 
the resulting optimization problem is NP-hard. We 
shall discuss parsimony methods, distance-based 
methods, and maximum-likelihood methods. 
Parsimony Methods 
The internal nodes of a phylogenetic tree are 
intended to represent ancestral species whose 
character states cannot be observed. In parsimony 
methods of tree construction the task is to construct 
a tree T and an assignment A of character states 
to the internal nodes to minimize the sum, over all 
edges of the tree, of the number of changes in 
character state along the edge. 

Distance-Based Methods 
Distance-based methods are based on the concept 
of an additive metric. Define a weighted phylogenetic 
tree T as a phylogenetic tree in which a nonnega
tive length A(e) is associated with each edge e. 
Define the distance between two species as the 
sum of the lengths of the edges on the path between 
the two species in the tree. The resulting distance 
function is called the additive metric realized by T. 

Distance-based methods for phylogeny con
struction are based on the following assumptions: 

1. There is a well-defined evolutionary distance 
between each pair of species, and this distance 
function is an additive metric. 

2. The "correct" phylogenetic tree, together with 
appropriately chosen edge distances, realizes 
this additive metric. 

3. The evolutionary distances between the extant 
species can be estimated from the character 
state data for those species. 

This suggests the following additive metric re
construction problem: Given a distance function D 
defined on pairs of species, construct a tree and a set 
of edge distances such that the resulting additive 
metric approximates D as closely as possible (for a 
suitable measure of closeness of approximation). 

The following is an example of a simple stochas
tic model of molecular evolution which implies 
that the distances between species form an additive 
metric. The models used in practice are similar, but 
more complex. 

The model is specified by a weighted phyloge
netic tree T with edge lengths A(e). The following 
assumptions are made: 

1. All differences between the character states of 
species are due to random mutations. 

2. Each edge e represents the transition from an 
ancestral species to a new species. Indepen
dently for each character, the number of 
mutations during this transition has a 
Poisson distribution with mean A(e). 

3. Whenever a mutation occurs, the new charac
ter state is drawn uniformly from the set of all 
character states (not excluding the character 
state that existed before the mutation). 

The neighbor-joining algorithm is a widely used 
linear-time algorithm for the additive metric recon
struction problem. Whenever the given distance 
function D is an additive metric, the neighbor
joining algorithm produces a weighted tree whose 
metric is D. The neighbor-joining algorithm also 
enjoys the property of asymptotic consistency. This 
means that, if the data is generated according to 
the stochastic model described above (or to certain 
generalizations of that model) then, as the number 
of characters tends to infinity, the tree and edge 
weights produced by the neighbor-joining algorithm 
will converge to the correct tree and edge weights 
with probability one. 
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Maximum likelihood Methods 
Maximum likelihood methods for phylogeny con
struction are based on a stochastic model such as 
the one described above. Let Ax be the observed 
assignment of states for character x to the extant 
species. For any model M = (T, ,\) specifying the 
tree structure and the edge lengths,let Lx(M) be the 
probability of observing the assignment Ax, given 
the model M. Define L(M), the likelihood of model 
M, as theproductofLx(M) overallcharactersx. The 
goal is to maximize L(M) over the set of all models. 
This problem is NP-hard, but near-optimal solutions 
can be found using a combination of the following 
three algorithms: 

1. an efficient algorithm based on dynamic 
programming for computing the likelihood 
of a model M = (T, i\); 

2. an iterative numerical algorithm for optimizing 
the edge lengths for a given tree; i.e., computing 
F(T) = maxA L(T, i\); 

3. a heuristic algorithm for searching in the space 
of trees to determine maxT F(T). 

Genome Rearrangement 
In comparing closely related species such as cab
bage and turnip or man and mouse, one often finds 
that individual genes are almost perfectly conserved, 
but their locations within the genome are radically 
different. These differences seem to arise from global 
rearrangements involving the duplication, reversal, 
or translocation of large regions within a genome. 
This suggests that the distance between genomes 
should be measured not only by counting mutations, 
but also by determining the number of large-scale 
rearrangements needed to transform one genome 
to another. 

To study these problems mathematically we 
view a genome as a sequence of occurrences of 
genes, define a set of primitive rearrangement 
operations, and define the distance between two 
genomes as the number of such operations needed 
to pass from one genome to the other. As an 
example, consider the case of two genomes that 
contain the same n genes but in different orders, 
and in which the only primitive operation is the 
reversal of a sequence of consecutive genes. Each 
genome can be modeled as a permutation of 
{1, 2, ... , n} (i.e., a sequence of length n contain
ing each element of { 1, 2, ... , n} exactly once), and 
we are interested in the reversal distance between 
the two permutations, defined as the minimum 
number of reversal operations required to pass 
from one permutation to the other. To make the 
problem more realistic we can take into account 
that genes are oriented objects and that the reversal 
of a segment not only reverses the order of the 
genes within it, but also reverses the orientation 
of each gene within the segment. In this case each 
genome can be modeled as a signed permutation, 
i.e., a permutation with a sign(+ or-) attached to 

each of the n elements, and the reversal operation 
reverses the order of a sequence of consecutive 
elements and the sign of each of these elements. 
It turns out that the problem of computing 
the reversal distance between two (unsigned) 
permutations is NP-hard, but there is an elegant 
quadratic-time algorithm for computing the re
versal distance between two signed permutations. 

DNA Microarrays 
In this section we describe a key technology for 
measuring the abundances of specific DNA or 
RNA molecules within a complex mixture, and 
we describe applications of this technology to the 
study of associations between polymorphisms 
and disease, to the classification and clustering of 
genes and biological samples, and to the analysis 
of genetic regulatory networks. 

Two oriented DNA molecules x andy are called 
complementary if y can be obtained by reversing 
x and replacing each base by its complementary 
base, where the pairs (A,T) and (C,G) are comple
mentary. There is a similar notion of complemen
tarity between RNA and DNA. Hybridization 
is the tendency of complementary, or nearly 
complementary, molecules to bind together. 

Specific molecules within a complex sample of 
DNA or RNA can be identified by detecting their 
hybridization to complementary DNA probes. A 
DNA microarray is a regular array of DNA probes 
deposited at discrete addressable spots on a solid 
surface; each probe is designed to measure the 
abundance of a specific DNA or RNA molecule 
such as the mRNA transcript of a gene. It is pos
sible to manufacture DNA microarrays with tens 
of thousands of spots on a surface the size of a 
postage stamp. 

Here we concentrate on the applications of DNA 
microarrays, omitting all technological details about 
the manufacture of the arrays, the application of 
DNA or RNA samples to the arrays, and the mea
surement of hybridization. It is important to note, 
however, that at the present state of the art the 
measurements are subject to large experimental 
error. Methods of experimental design and statis
tical analysis are being developed to extract 
meaningful results from the noisy measurements, 
but currently one can obtain only a rough estimate 
of the abundance of particular molecules in the 
sample. 

Associations between Polymorph isms and 
Disease 
The genomes of any two humans differ consider
ably. Each of us carries different alleles (commonly 
occurring variant forms) of genes and polymor
phisms (local variations in the sequence, typically 
due to mutations). Of particular interest are 
Single-Nucleotide Polymorphisms (SNPs) caused 
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by mutations at a single position. Several million 
commonly occurring SNPs within the human 
genome have been identified. It is of great interest 
to find statistical associations between a genotype 
(the variations within an individual's genome) and 
phenotype (observable characteristics such as eye 
color or the presence of disease). Some genetic 
diseases result from a single polymorphism, but 
more commonly there are many genetic variations 
that influence susceptibility to a disease; this is 
the case for atherosclerosis, diabetes, and the many 
types of cancer. Microarrays are a fundamental 
tool for association studies because they enable 
an experimenter to apply DNA probes for thou
sands of different polymorphisms in a single 
experiment. The statistical problems of finding 
subtle associations between polymorphisms and 
complex diseases are currently being investigated 
intensively. 

Classification and Clustering Based on 
Microarray Data 
Microarrays can be used to identify the genetic 
changes associated with diseases, drug treatments, 
or stages in cellular processes such as apoptosis 
(programmed cell death) or the cycle of cell growth 
and division. In such applications a number of 
array experiments are performed, each of which 
produces noisy measurements of the abundances 
of many gene transcripts (rnRNAs) under a given 
experimental condition. The process is repeated for 
many conditions, resulting in a gene expression 
matrix in which the rows represent experiments, 
the columns represent genes, and the entries 
represent the rnRNA levels of the different gene 
products in the different experiments. A funda
mental computational problem is to find significant 
structure within this data. The simplest kind of 
structure would be a partition of the experiments, 
or of the genes, into subclasses having distinct 
patterns of expression. 

In the case of supervised learning one is given 
independent information assigning a class label 
to each experiment. For example, each experiment 
might measure the mRNA levels in a leukemia 
specimen, and a physician might label each spec
imen as either an acute lymphoblastic leukemia 
(ALL) or an acute myeloid leukemia (AML). The 
computational task is to construct a decision rule 
that correctly predicts the class labels and can be 
expected to generalize to unknown specimens. In 
the case of unsupervised learning the class labels 
are not available, and the computational task is 
to partition the experiments into homogeneous 
clusters on the basis of their expression data. 

Typically the number of genes measured in 
microarray experiments is in the thousands, but 
the classes into which the experiments should 
be partitioned can be distinguished by the 

expression levels of a few dozens of critical genes, 
with the other genes being irrelevant, redundant, 
or of lesser significance. Thus there arises the fea
ture selection problem of identifying the handful of 
genes that best distinguish the classes inherent in 
the data. Sometimes a gene expression matrix con
tains local patterns, in which a subset of the genes 
exhibit consistent expression patterns within a 
subset of experiments. These local patterns cannot 
be discerned through a global partitioning of the 
experiments or of the genes but require identifi
cation of the relevant subsets of genes and of 
experiments. Research on the feature selection 
problem and on the problem of identifying local 
patterns is in its infancy. 
Supervised Learning 
Machine learning theory casts the problem of 
supervised learning in the following terms. Given 
a set of training examples {xl, xz, ... , Xn} drawn 
from a probability distribution over Rd, together 
with an assignment of a class label to each train
ing example, find a rule for partitioning all of Rd 
into classes that is consistent with the class labels 
for the training examples and is likely to general
ize correctly, i.e., to give correct class labels for 
other points in Rd. 

There is a general principle of machine learning 
theory which, informally stated, says that, under 
some smoothness conditions on the probability 
distribution from which the training examples are 
drawn, a rule is likely to generalize correctly if 

1. each training example lies within the region 
assigned to its class and is far from the 
boundary of that region; 

2. the rule is drawn from a "simple" parame
trized set of candidate rules. The notion of 
simplicity involves a concept called the 
Vapnik-Chervonenkis dimension, which we 
omit from this discussion. 

One reasonably effective decision rule is the 
nearest neighbor rule, which assigns to each point 
the same class label as the training example at 
minimum Euclidean distance from it. 

In the case of two classes (positive examples and 
negative examples) the support vector machine 
method is often used. It consists of the following 
two stages: 

Mapping into feature space: Map each training 
examplex to a point <j>(x) =(<PI (x), <Pz(x), ... ), 
where the <j>; are called features. The point <j>(x) 
is called the image of training example x. 

Maximum-margin separation: Find a hyperplane 
that separates the images of the positive train
ing examples from the images of the negative 
training examples and, among such separating 
hyperplanes,maximizesthesmallestdistance 
from the image of a training example to the 
hyperplane. 
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The problem of computing a maximum-margin 
separation is a quadratic programming problem. 
It turns out that the only information needed about 
the training examples is the set of inner products 
cf>(x)T cf>(y) between pairs (x, y) of training exam
ples. It is possible for the images of the training 
examples to be points in an infinite-dimensional 
Hilbert space, as long as these inner products can 
be computed. Mercer's Theorem characterizes those 
functions K(x, y) which can be expressed as inner 
products in finite- or infinite-dimensional feature 
spaces. These functions are called kernels, and the 
freedom to use infinite-dimensional feature spaces 
defined through their kernels is a major advantage 
of the support vector machine approach to super
vised learning. 
Clustering 
Clustering is the process of partitioning a set of 
objects into subsets based on some measure of 
similarity (or dissimilarity) between pairs of objects. 
Ideally, objects in the same cluster should be 
similar, and objects in different clusters should 
be dissimilar. 

Given a matrix of gene expression data, it is of 
interest to cluster the genes and to cluster the ex
periments. A cluster of genes could suggest either 
that the genes have a similar function in the cell or 
that they are regulated by the same transcription 
factors. A cluster of experiments might arise from 
tissues in the same disease state or experimental 
samples from the same stage of a cellular process. 
Such hypotheses about the biological origin of a 
cluster would, of course, have to be verified by 
further biochemical experiments. 

Each gene or experiment can be viewed as 
an n-dimensional vector, with each coordinate 
derived from a measured expression level. The 
similarity between points can be defined as the 
inner product, after scaling each vector to Euclid
ean length 1. When experiments are being clustered 
the vectors are of very high dimension, and a 
preliminary feature selection step is required to 
exclude all but the most salient genes. 

In the K -means algorithm the number of clusters 
is specified in advance, and the goal is to mini
mize the sum of the distances of points from the 
centers of gravity of their clusters. Locally optimal 
solutions can be obtained by an iterative compu
tation which repeats the following step: Given a set 
of K clusters, compute the center of gravity of each 
cluster; then reassign each point to the cluster 
whose center of gravity is closest to the point. 

Maximum likelihood methods assume a given 
number of clusters and also assume that the points 
in each cluster have a multidimensional Gaussian 
distribution. The object is to choose the parameters 
of the Gaussian distributions so as to maximize the 
likelihood of the observed data. In these methods a 

point is not definitely assigned to a cluster, but is 
assigned a probability of lying in each cluster. 

Merging methods start with each object in a 
cluster by itself and repeatedly combine the two 
clusters that are closest together as measured, for 
example, by the distance between their centers of 
gravity. Most merging and splitting methods that 
have been proposed are heuristic in nature, since 
they do not aim to optimize a clearly defined 
objective function. 

The Logic of Transcriptional Control 
Cellular processes such as cell division, programmed 
cell death, and responses to drugs, nutrients, and 
hormones are regulated by complex interactions 
among large numbers of genes, proteins, and other 
molecules. A fundamental problem of molecular 
life science is to understand the nature of this reg
ulation. This is a very formidable problem whose 
complete solution seems to entail detailed mathe
matical modeling of the abundances and spatial 
distributions within a cell of thousands of chemi
cal species and of the interactions among them. It 
is unlikely that this problem will be solved within 
this century. 

One aspect of the problem that seems amenable 
to mathematical methods is the logic of transcrip
tional control. As Eric Davidson has stated, "A large 
part of the answer lies in the gene control circuitry 
encoded in the DNA, its structure and its functional 
organization. The regulatory interactions mandated 
in the circuitry determine whether each gene is ex
pressed in every cell, throughout developmental 
space and time, and if so, at what amplitude. In 
physical terms the control circuitry encoded in 
the DNA is comprised of cis-regulatory elements, 
i.e., the regions in the vicinity of each gene which 
contain the specific sequence motifs at which those 
regulatory proteins which affect its expression 
bind; plus the set of genes which encode these spe
cific regulatory proteins (i.e., transcription factors)." 

It appears that the transcriptional control of a 
gene can be described by a discrete-valued function 
of several discrete-valued variables. The value of the 
function represents the level of transcription of 
the gene, and each input variable represents the ex
tent to which a transcription factor has attached to 
binding sites in the vicinity of the gene. The genes 
that code for transcription factors are themselves 
subject to transcriptional control and also need to 
be characterized by discrete-valued functions. A 
regulatory network, consisting of many interacting 
genes and transcription factors, can be described 
as a collection of interrelated discrete functions 
and depicted by a "wiring diagram" similar to the 
diagram of a digital logic circuit. 

The analysis of this control circuitry involves 
biochemical analysis and genomic sequence analy
sis to identify the transcription factors and the 
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sequence motifs characteristic of the sites at which 
they bind, together with microarray experiments 
which measure the transcriptional response of 
many genes to selected perturbations of the cell. 
These perturbations may involve changes in 
environmental factors such as temperature or 
the presence of a nutrient or drug, or interven
tions that either disable selected genes or 
enhance their transcription rates. The major 
mathematical challenges in this area are the 
design of informative perturbations and the 
inference of the transcriptional logic from infor
mation about transcription factors, their binding 
sites, and the results of microarray experiments 
under perturbed conditions. 
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Euclid's Windows and Our 
Mirrors 
A Review of Euclid's Window: The Story of Geometry from Parallel 
Lines to Hyperspace 

Reviewed by Robert P. Lang lands 

Euclid's Window: The Story of Geometry from 
Parallel lines to Hyperspace 
Leonard Mlodinow 
Simon & Schuster, 2001 
ISBN 0-684-86523-8 
$26.00 

This is a shallow book on deep matters, about 
which the author knows next to nothing. The con
cept of the book is appealing: a popular review of 
geometrical notions from Euclid to Einstein as 
background to contemporary string theory with 
comments on the related intellectual history and 
portraits of some principal figures: Descartes, 
Gauss, Riemann and Einstein. Unfortunately the au
thor is indifferent to mathematics, has only ap
proximate notions of European history, and no cu
riosity about individuals. Famous names serve only 
as tags for the cardboard figures that he paints. Dis
oriented by ideas and by individuals whose feelings 
and behavior are not those of late twentieth-cen
tury America, he attempts to hide his confusion by 
an incessant, sometimes tasteless, facetiousness, 
almost a nervous tick with him, by railing at or 
mocking his pretended dolts or villains, Kant, 
Gauss's father or Kronecker, or by maudlin at
tempts to turn his heros into victims. There would 
be little point in reviewing the book, were it not that 
the germ of an excellent monograph is there that, 
in competent and sensitive hands, could have been 
read with pleasure and profit by students, mature 
mathematicians, and curious laymen. As a 

Robert P. Langlands is professor of mathematics at the 
Institute for Advanced Study, Princeton, N]. His e-mail ad
dress is rpl@ias.edu. 

member of the second group who knows scarcely 
more than the author about the material, I cer
tainly found it an occasion to reflect on what I 
would have liked to learn from the book and, in
deed, an occasion to discover more about the top
ics discussed, not from the book itself, but from 
more reliable sources. 

String theory itself or, better and more broadly, 
the conceptual apparatus of much of modern the
oretical physics, above all of relativity theory, sta
tistical physics and quantum field theory, whether 
in its original form as quantum electrodynamics, 
or as the basis of the standard theory of weak and 
strong interactions, or as string theory, is mathe
matics, or seems to be, although often not mathe
matics of a kind with which those with a traditional 
training are very comfortable. Nonetheless many 
of us would like to acquire some genuine under
standing of it and, for students especially, it is a 
legitimate object of curiosity or of more ambitious 
intellectual aspirations. 

Mlodinow was trained as a physicist, and, at the 
level at which he is working, there is no reason, ex
cept perhaps his rather facile condemnation of 
Heisenberg, to fault his chapter on string theory, 
the culmination of the book. It is a brief rehearsal, 
larded with low humor, of the standard litany: the 
uncertainty principle; the difficulty of reconciling 
it with the differential geometry of relativity; par
ticles and fields; Kaluza-Klein and the introduction 
of additional dimensions; the function of "strings" 
as carriers of multiple fields and particles; super
symmetry; and, finally, M-branes that permit the 
passage from one form of the theory to another. 

In his introduction and in an epilogue Mlodinow 
expresses vividly and passionately his conviction 
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that geometry is the legacy of Euclid and string the
orists his heirs. Mathematicians, to whom this re
view is addressed, will recall that there is more in 
Euclid than geometry: Eudoxus's theory of pro
portion; the irrational; and primes. Since the last 
two are central to the modern theory of diophan
tine equations, there are other claims on the her
itage, but they need no defense here. We are con
cerned with the geometry; with it alone we have our 
hands full. 

A reservation that is more in need of expression 
is that, with their emphasis on string theory or, bet
ter, the geometrical consequences of quantum field 
theory, mathematicians are in danger of short
changing themselves. These consequences, espe
cially the dynamical methods-dynamical in the 
sense of dynamical systems-used to deduce them, 
methods discovered, I believe, largely by Witten, are 
of great appeal and undoubtedly very deep. They 
are certainly worthy of the careful attention of 
mathematicians; but, as a community, we should 
well be trying to address in a coherent way all dy
namical questions, both analytic and geometric, 
raised by or related to renormalization in statisti
cal mechanics and in field theory. 

Although these questions as a whole lie athwart 
Mlodinow's concept, it is difficult when reading the 
last chapter of his book not to reflect on them and 
on the current relation between mathematics and 
physics. So after finishing with other aspects of the 
book, about which there is a good deal to be said, 
I shall return to these matters. 

History and Biography 

Euclid. The background metric, thus the general 
theory of relativity, is a feature of string theory that 
is not present in most other field theories. There 
are several evident milestones on the way from an
cient mathematics to Einstein's theory: Euclid's ac
count of plane geometry; Descartes's advocacy of 
coordinates to solve specific geometrical prob
lems; the introduction of curvature by Gauss and 
the discovery of noneuclidean geometries; Rie
mann's conceptions of higher-dimensional geome
tries and his criterion for flatness; Einstein's equa
tions for general relativity. To isolate these five 
developments, each a major moment in intellectual 
history, as the themes of a single essay on mathe
matics was brilliant; to realize the concept an enor
mous challenge, beyond me, beyond most readers 
of the Notices, and certainly far beyond the au
thor, locked in the present, upon which for him all 
windows open, and dazzled by his own flippancy. 

Euclid's Elements are, above all, a window on 
themselves and on Greek mathematics. Difficult to 
appreciate without commentary, they could never 
have been, in spite of tradition, suitable as inde
pendent reading for schoolboys. In Mlodinow's 
first chapter, the one on Euclid, the mathematics 

is given very short shrift; the author 
prefers trivial puzzles to real math
ematics. He presents Euclid's five 
postulates, including the fifth, or 
parallel, postulate in Euclid's form 
(two lines falling on a given line in 
such a way that the sum of the in
terior angles on the same side is 
less than two right angles neces
sarily meet) and, in addition, in the 
form known as Playfair's axiom (a 
unique parallel to a given line can 
be drawn through any point), prob
ably because Playfair's axiom is 
more familiar to him from high
school. If our concern is with Eu
clid as Einstein's predecessor, then 
it is Euclid's form that is pertinent, 
for it expresses the flatness. What 
the student or the layman needs 
from this chapter is an explana
tion of the fifth postulate's relation to flatness: to 
the basic property of a triangle that the sum of its 
interior angles is rr and especially to the existence 
of similar figures, thus to what one might call a lit
tle pretentiously, imitating the current jargon, the 
conformal invariance of Euclidean geometry. Even 
the mature mathematician may enjoy recalling 
these deep, important, and yet elementary, logical 
relations, for not all of us have taken the time to 
think through the manifold concrete implications 
of noneuclidean geometry. It appears, however, 
that the author has not even read Heath's comments 
and does not appreciate how flatness manifests it
self in the simple geometric facts that we know al
most instinctively, so that, with all the impudence 
of the ignorant, he can, later in the book, mock Pro
clus, who attempted, as other important mathe
maticians, like Legendre, were still doing centuries 
later, to prove the postulate, or Kant, whose philo
sophical imagination was unfortunately inadequate 
to the mathematical reality. 

Otherwise the space in the first chapter is largely 
devoted to tales suitable for children, or some
times not so suitable for children, as the author has 
a penchant for the lewd that he might better have 
held in check. He trots out the old war-horses 
Thales and Pythagoras and a new feminist favorite, 
Hypatia. Cajori, in his A History of Mathematics, ob
serves that the most reliable information about 
Thales and Pythagoras is to be found in Proclus, 
who used as his source a no longer extant history 
by Eudemus, a pupil of Aristotle. Thales and 
Pythagoras belong to the sixth century BC, Eude
mus to the fourth, and Proclus to the fifth century 
AD. Common sense suggests that there is consid
erable room for distortion, intentional or 
unintentional, in information that has been trans
mitted over a thousand years. This did not stop 
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Cajori and many other historians of science from 
using it. Nor does it stop the present author, who 
even adds some gratuitous speculation of his own: 
could the merchant Thales have traded in the 
leather dildos for which Mlodinow claims Miletus 
was known? 

Although Neugebauer writes in The Exact Sci
ences in Antiquity, "It seems to me evident, how
ever, that the traditional stories of discoveries 
made by Thales or Pythagoras must be regarded 
as totally unhistorical" , there may be a place in pop
ular accounts for the myths attached to them, but 
not at the cost of completely neglecting the re
sponsibility of introducing the reader, especially the 
young reader, to some serious notions of the his
tory of science, or simply of history. I have not 
looked for a rigorous account of Thales, but there 
is a highly regarded account of Pythagoras, Weisheit 
und Wissenschaft, by the distinguished historian 
Walter Burkert in which the reality is separated from 
the myth, leaving little, if anything, of Pythagoras 
as a mathematician. One's first observation on 
reading this book is that it is almost as much of a 
challenge to discover something about the Greeks 
in the sixth century as to discover something about 
physics at the Planck length (1 o -33 em., the char
acteristic length for string theory). A second is that 
most of us are much better off learning more about 
the accessible philosophers, as a start, Plato and 
Aristotle, or about Hellenistic mathematics, that the 
earlier mythical figures are well left to the spe
cialists. The third is that one should not ask about 
the scientific or mathematical achievements of 
Pythagoras but of the Pythagoreans, whose relation 
to him is not immediately evident. Burkert's argu
ments are complex and difficult, but a key factor 
is, briefly and imprecisely, that for various rea
sons Plato and the Platonists ascribed ideas that 
were properly Platonic to Pythagoras, who in fact 
was a religious rather than a scientific figure. 

Whether as mathematician, shaman, or purveyor 
to Ionian and Egyptian sex-shops, neither Thales 
nor Pythagoras belongs in this essay; nor does Hy
patia. Since Hypatia is a figure from the late fourth 
century AD, it is easier to separate the myth from 
the reality, and there is an instructive monograph 
Hypatia of Alexandria by Maria Dzielska that does 
just this. Mlodinow refers to the book but there is 
no sign that he has read it. If he has, he ignored it! 

Mlodinow's book is short, and the space is largely 
taken up with material that is irrelevant or false, 
and often both. Much of the reliable information 
about Hypatia comes from the letters of Synesius 
of Cyrene, bishop of Ptolemais. An Alexandrian 
philosopher, a late Platonist, and mathematician of 
some repute, the daughter of the mathematician 
Theon, Hypatia was renowned for her wisdom, 
erudition and virtue. Of some political influence in 
the city, an ally of the prefect Orestes, she was 

brutally murdered in 415 at, according to Dzielska, 
the age of sixty (this estimate is not yet reflected 
in standard references) by supporters of his rival, 
the bishop Cyril. Although now a feminist heroine, 
which brings with it its own distortions, Hypatia 
first achieved mythical status in the early eigh
teenth century in an essay of John Toland, for 
whom she was a club with which to beat the 
Catholic church. His lurid tale was elaborated by 
Gibbon, no friend of Christianity, in his unique 
style: " .. . her learned comments have elucidated 
the geometry of Apollonius .. . she taught ... at 
Athens and Alexandria, the philosophy of Plato 
and Aristotle .. .In the bloom of beauty, and in the 
maturity of wisdom, the modest maid refused her 
lovers ... Cyril beheld with a jealous eye the gor
geous train of horses and slaves who crowded the 
door of her academy ... On a fatal day ... Hypatia was 
torn from her chariot, stripped naked, ... her flesh 
was scraped from her bones with sharp oyster
shells ... the murder ... an indelible stain on the 
character and religion of Cyril." This version, in 
which Hypatia is not an old maid but a young vir
gin, so that it is a tale not only of brutality but also 
of lust, is the version preferred by Mlodinow. 

There is yet another component of the myth: Hy
patia's death and the victory of Cyril mark the end 
of Greek civilization and the triumph of Chris
tianity. Such dramatic simplification is right up 
Mlodinow's alley, who from this springboard leaps, 
as a transition from Euclid to Descartes, into a 
breezy tourist's account of Europe's descent into 
the Dark Ages and its resurrection from them, in 
which, in a characteristic display of ambiguity, the 
author wants to make Charlemagne out both a 
dunce and a statesman. 

Descartes. Mlodinow would have done well to pass 
directly from Euclid to Descartes. Both Descartes 
and Gauss had a great deal of epistolary energy; so 
a genuine acquaintance with them as individuals 
is possible. The letters of Gauss especially are often 
quite candid. A good deal of their mathematics, per
haps all that of Descartes, is also readily accessi
ble without any very exigent prerequisites. Yet 
Mlodinow relies on secondary, even tertiary, 
sources, so that his account, having already passed 
through several hands, is stale and insipid. More
over, he exhibits a complete lack of historical imag
ination and sympathy, of any notion that men and 
women in other times and places might respond 
to surroundings familiar to them from birth dif
ferently than a late twentieth-century sight-seer 
from New York or Los Angeles. What is even more 
exasperating is that almost every sentence is in
fected by the itch to be jocose, to mock, or to cre
ate drama, so that a mendacious film covers every
thing. Without a much deeper and more detailed 
knowledge of various kinds of history than I 
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possess, there is no question of recognizing each 
time exactly how veracity is sacrificed to effect. In 
some egregious instances, with which I was more 
than usually outraged, I have attempted to analyze 
his insinuations. It will be apparent that I am nei
ther geometer nor physicist, and not a philoso
pher or a historian; I make no further apology for 
this. 

Descartes was primarily a philosopher or natural 
scientist, and only incidentally a mathematician. So 
far as I can see, almost all the mathematics that we 
owe to him is in one appendix, La geometrie, to Dis
cours de la methode. Anyone who turns to this ap
pendix will discover, perhaps to his surprise, that 
contrary to what Mlodinow states, Descartes does 
not employ the method we learned in school and 
"begin his analysis by turning the plane into a kind 
of graph". Not at all, Descartes is a much more ex
citing author, full, like Grothendieck and Galois, of 
philosophical enthusiasm for his methods. He be
gins by discussing the relation between the geo
metrical solution with ruler and compass of sim
ple geometrical problems and the algebraic 
solution, goes on to a brilliant analysis of the curve 
determined by a generalized form of the problem 
of Pappus, an analysis that exploits oblique coor
dinates, not for all points but for a single one, and 
chosen not once and for all but adapted to the 
data of the problem. The analysis is incisive and 
elegant, well worth studying, and is followed by a 
discussion of curves in general, especially alge
braic curves, and their classification, which is ap
plied to his solution of the problem of Pappus. 
Descartes does not stop there, but the point should 
be clear: this is analytic geometry at a high con
ceptual but accessible mathematical level that could 
be communicated to a broad public by anyone with 
some enthusiasm for mathematics. He would of 
course have first to read Descartes, but there is no 
sign that Mlodinow regarded that as appropriate 
preparation. 

Although adverse to controversy, even timid, 
Descartes, a pivotal figure in the transition from 
the theologically or confessionally organized society 
to the philosophically and scientifically open so
cieties of the Enlightenment, made every effort to 
ensure that his philosophy became a part of the cur
riculum both in the United Provinces where he 
made his home and in his native, Catholic France. 
In spite of the author's suggestion, his person was 
never in danger: with independence from Spain, the 
Inquisition had ceased in Holland and by the sev
enteenth century it had long been allowed to lapse 
in France . Atheism was nonetheless a serious 
charge. Raised by his opponent, the Calvinist the
ologian Voetius, it could, if given credence, have led 
to a proscription of his teachings in the Dutch uni
versities and the Jesuit schools of France and the 
Spanish Netherlands, but not to the stake. The 
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This portrait of Descartes is the frontispiece of 
the 1659 edition of the latin translation of La 
Geometrie. The engraver, Frans van Schooten 
the younger, was also the translator and editor 
of the book, from which many mathematicians 
of the late seventeenth century learned analytic 
geometry. 

author knows this-as did no doubt Descartes-but 
leaves, once again for dramatic effect and at the cost 
of missing the real point, the reader with the con
trary impression. 

Gauss. It appears that, in contrast to many other 
mathematical achievements, the formal concept 
of noneuclidean geometry appeared only some 
time after a basic mathematical understanding of 
its properties. This is suggested by the descriptions 
of the work of Gauss and of earlier and later au
thors, Lambert in particular, that are found in Re
ichardt's Gau/3 und die nicht-euklidische Geome
trie and by the documents included there. It was 
known what the properties must be, but their pos
sibility, whether logical or in reference to the nat
ural world, was not accepted. Modern mathemati
cians often learn about hyperbolic geometry 
quickly, almost in passing, in terms of the Poincare 
model in the unit disk or the upper half-plane. 
Most of us have never learned how to argue in el
ementary geometry without Euclid's fifth postulate. 
What would we do if, without previous experience, 
we discovered that when the sum of the interior 
angles of just one triangle is less than rr, as is pos
sible when the parallel postulate is not admitted, 
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then there is necessarily an upper bound for the 
area of all triangles, even a universal length? Would 
we conclude that such a geometry was totally ir
relevant to the real world, indeed impossible? If we 
were not jaded by our education, we might better 
understand how even very perceptive philosophers 
could be misled by the evidence. 

An intelligent, curious author would seize the 
occasion of presenting these notions to an audience 
to which they would reveal a new world and new 
insights, but not Mlodinow. What do we have as 
mathematics from him? Not the thoughts of Le
gendre, not the contributions of Lambert, not even 
the arguments of Gauss, taken from his reviews, 
from his letters, from his notes, nothing that sug
gests that the heart of the matter, expressed of 
course in terms of the difference between rr and 
the sum of the interior angles of triangles, is 
whether the plane is curved. No, he does not even 
mention curvature in connection with noneuclid
ean geometry! There is a discussion, cluttered by 
references to the geography of Manhattan, of an at
tempt by Proclus to prove one form of the fifth pos
tulate, but something that incorporated the per
ceptions of the late eighteenth or early nineteenth 
century would have been more useful. There is 
also a brief description of the Poincare model, 
muddled by references to zebras, but any appre
ciation of an essential element of Gauss's thought, 
noneuclidean geometry as a genuine possibility 
for the space we see around us, is absent. The 
weakness of the Poincare model as an expository 
device is that it puts us outside the noneuclidean 
space; the early mathematicians and philosophers 
were inside it. 

Gauss's paper on the intrinsic curvature of sur
faces, Disquisitiones generales circa superficies cur
vas, seems to have been inspired much less by his 
intermittent reflections on the fifth postulate than 
by the geodetic survey of Hannover. The paper is 
not only a classic of the mathematical canon but 
also elementary, not so elementary as noneuclid
ean geometry, but as the sequence Gauss, Riemann, 
Einstein begins with this paper, a serious essay 
would deal with it in a serious way and for a broad 
class of readers. 

Having learned, as he claims, from Feynman 
that philosophy was "b.s.", Mlodinow feels free to 
amuse his readers by abusing Kant. He seems to 
have come away, perhaps because of the impov
erished vocabulary, with a far too simple version 
of Feynman's dictum. It was not, I hope, encour
aging us to scorn what we do not understand, and 
it was surely not to apply universally, especially not 
to the Enlightenment, in which Kant is an honored 
figure. As a corrective to the author's obscurantism 
and pretended contempt -since his views are plas
tic, shaped more by changing dramatic needs than 
by conviction, he has to concede some insight to 

Kant in his chapter on Einstein-! include some 
comments of Gauss, in which we see his views 
changing over the years, as he grows more certain 
of the existence of a noneuclidean geometry, and 
some mature comments of Einstein. 

In a sharply criticall816 review of an essay by 
J. C. Schwab on the theory of parallels of which, ap
parently, a large part is concerned with refuting 
Kant's notion that geometry is founded on intuition, 
Gauss writes,l "dass von diesen logischen Hilfs
mitteln ... Gebrauch gemacht wird, hat wohl Kant 
nicht Ui.ugnen wollen, aber dass dieselben fiir sich 
nichts zu leisten vermbgen, und nur taube Bliithen 
treiben, wenn nicht die befruchtende lebendige 
Anschaung des Gegenstandes uberall waltet, kann 
wohl niemand verkennen, der mit dem Wesen der 
Geometrie vertraut ist." So, for whatever it is worth, 
Gauss seems here to be in complete agreement 
with Kant.ln the 1832letter to Wolfgang von Bolyai, 
he comments on the contrary,2 "in der Un
mbglichkeit (to decide a priori between euclidean 
and noneuclidean geometry) liegt der klarste Be
weis, dass Kant Umecht hatte ... " So he has not 
come easily to the conclusion that, in this point, 
Kant was Wrong. He also refers Bolyai to his brief 
1831 essay in the Gbttingsche Gelehrte Anzeigen 
on biquadratic residues and complex numbers, in 
which he remarks,3 "Beide Bemerkungen (on spa
tial reflections and intuition) hat schon Kant 
gemacht, aber man begreift nicht, wie dieser scharf
sinniger Philosoph in der ersteren einen Beweis 
ffu seine Meinung, daE der Raum nur Form unserer 
au.ll.ern Anschaung sei, zu finden glauben kon
nte, ... " 

Einstein's remarks appear in his Reply to criti
cisms at the end of the Schilpp volume Albert Ein
stein, Philosopher-Scientist. Excerpts will suffice: 
"you have not at all done justice to the really sig
nificant philosophical achievements of Kant"; "He, 
however, was misled by the erroneous opinion-

Language is bound to time and place; translation, even by 
a skilled hand, entails choices and changes not merely its 
intonations but sometimes its sense. Since so much space 
has had to be devoted in this review to the issue of mis
representation, I thought it best to let Gauss and Riemann 
speak for themselves. As a help to those unfamiliar with 
German, I add rough translations. 
1 "Kant hardly wanted to deny that use is made of these 
logical methods, but no-one familiar with the nature of 
geometry can fail to recognize that these alone can achieve 
nothing and produce nothing but barren blossoms if the 
living, fructifying perception of the object itself does not 
prevail." 

2 "the clearest proof that Kant was wrong lies in this im
possibility ... " 
3 "Kant had already made both observations, but one does 
not understand how this perceptive philosopher was able 
to believe that he had found in the first a proof for his view 
that space is only a form of our external intuition, .. . " 
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difficult to avoid in his time-that Euclidean geom
etry is necessary to thinking ... "; "I did not grow up 
in the Kantian tradition, but came to understand 
the truly valuable which is to be found in his doc
trine, alongside of errors which today are quite 
obvious, only quite late." 

There is a grab-bag of doubtful tales about 
Gauss's family and childhood; Mlodinow, of course, 
retails a large number of them. He seems to be par
ticularly incensed at Gauss's father, of whom he 
states, "Gauss was openly scornful.. .calling him 
'domineering, uncouth, and unrefined'," and to be 
persuaded that Gauss's father was determined at 
all costs to make a navvy of him. Having dug a good 
many ditches in my own youth, I can assure the au
thor, who seems to regard the occupation as the 
male equivalent of white slavery, that it was, when 
hand-shovels were still a common tool, a health
ful outdoor activity that, practiced regularly in 
early life, does much to prevent later back prob
lems. In any case, the one extant description of his 
father by Gauss in a letter to Minna Waldeck, later 
his second wife, suggests that the author has cre
ated the danger out of whole cloth:4 "Mein Vater 
hat vielerlei Beschaftigungen getrieben ... , da er 
nach und nach zu einer Art Wohlhabenheit 
gelangte ... Mein Vater war ein vollkommen 
rechtschaffener, in mancher Riicksicht 
achtungswerter und wirklich geachteter Mann; aber 
in seinem Haus war er sehr herrisch, rauh und un
fein ... obwohl nie ein eigentliches Miliverhhltnis ent
standen ist, da ich friih von ihm ganz unabhangig 
wurde." As usual, Mlodinow takes only that part of 
the story that suits him and invents the rest. The 
reader who insists nonetheless on the "herrisch, 
rauh und unfein" and not on the virtues that Gauss 
ascribes to him should reflect on possible diffi
culties of the father's rise and on the nature of the 
social gap that separated him, two hundred years 
ago, from Gauss at the age of thirty-three and, 
above all, from Gauss's future wife, the daughter 
of a professor. 

Reimann and Einstein. In two booklets published 
very early, the first in 1917, the second in 1922, 
Ober die spezielle und die allgemeine Relativitdts
theorie, and Grundziige der Relativitdtstheorie, the 
second better known in its English translation, The 
meaning of relativity, Einstein himself gave an ac
count of the Gauss-Riemann-Einstein connection. 
If Mlodinow had not got off on the wrong foot with 
Euclid, Descartes, and Gauss, he might have made 

4 "My father had various occupations ... since he became 
over the course of time fairly well-off .. my father was a 
completely upright, in many respects admirable and, in
deed, admired man; but in his own home he was over
bearing, rude, and coarse ... although no real disagree
ment ever arose because I very soon became independent 
of him." 

the transition from Gauss to Riemann by, first of 
all, briefly describing the progress of coordinate 
geometry from Descartes to Gauss. Then, the Bolyai
Lobatchevsky noneuclidean geometry already at 
hand as an example, he could have continued with 
Gauss's theory of the intrinsic geometry of surfaces 
and their curvature, presenting at least some of the 
mathematics, especially the theorema egregium 
that the curvature is an isometric invariant and the 
formula that relates the difference between rr and 
the sum of the interior angles of a triangle to the 
curvature . (Why he thinks the failure of the 
pythagorean theorem is the more significant fea
ture of curved surfaces is not clear to me.) For the 
rest of the connection, he could have done worse 
than to crib from Einstein, who explains briefly 
and cogently not only the physics but also the 
function of the mathematics. On his own, Mlodi
now does not really get to the point. 

In the first of the two booklets, Einstein explains 
only the basic physical principles and the conse
quences that can be deduced from them with sim
ple arguments and simple mathematics: the spe
cial theory of relativity with its two postulates that 
all inertial frames have equal status and that the 
velocity of light is the same whether emitted by a 
body at rest or a body in uniform motion; the gen
eral theory of relativity, especially the equivalence 
principle (physical indistinguishability of a gravi
tational field and an accelerating reference frame) 
as well as the interpretation of space-time as a 
space with a Minkowski metric form in which all 
Gaussian coordinate systems are allowed. These 
principles lead, without any serious mathematics 
but also without precise numerical predictions, to 
the consequence that light will be bent in a gravi
tational field. 

In the second, he presents the field equations, 
thus the differential equations for the metric form, 
which is now the field to be determined by the mass 
distribution or simultaneously with it. More so
phisticated arguments from electromagnetism and 
the special theory allow the introduction of the en
ergy-momentum tensor TJ.Iv• which appears in the 
field equation in part as an expression of the dis
tribution of mass; the Ricci tensor RJ.Iv• a contrac
tion of the Riemann tensor associated to the met
ric form g11 v, is an expression of the gravitational 
field. The field equations are a simple relation be
tween the two, 

where K is in essence Newton's constant. 
With this equation the mathematics becomes 

markedly less elementary, but, with some expla
nation, accessible to a large number of people and 
inevitable if Riemann's contribution is to be ap
preciated. Although it would certainly be desirable 
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to explain, as Einstein does, how Newton's cus
tomary law of gravitation follows from this equa
tion and to describe how Einstein arrived at it, the 
cardinal point, where the mathematics anticipates 
the needs of physics, is the introduction of the 
Riemann tensor. It does not appear explicitly in Rie
mann's lecture, published as Ober die Hypothesen 
welche der Geometrie zu Grunde liegen and in
tended for a broad audience, so that the mathe
matical detail is suppressed; at best it is possible 
to extract from the lecture the assertion that, to use 
our terminology, a Riemannian manifold is eu
clidean if and only if it is flat. The mathematics that 
was developed by his successors and that Einstein 
was able to exploit is implicit in this assertion but 
appears only in a paper on heat conduction pub
lished posthumously in Riemann's collected works. 
Because it was submitted in response to a prize 
theme proposed by the Academy in Paris, the paper 
is often referred to as the Pariserarbeit. Once again, 
Mlodinow misses the point. Coming up to the plate 
against several of the great geometers of history, 
he strikes out each time. I could hardly believe my 
eyes, but it seems he is persuaded that the intro
duction of elliptic geometry was the principal 
achievement of the lecture. 

It appears from the biography prepared by 
Dedekind and included in his collected works that 
Riemann, born in 1826, was very moved as a child 
by the stories that he heard from his father, a lieu
tenant during the Napoleonic wars and later pas
tor, of theS "unghickliche Schicksal Polens", parti
tioned at the Congress of Vienna and then 
oppressed by the first Tsar Nicolas. Entering uni
versity, Riemann chose at first to study theology, 
partly at the urging of his father, who was devoted 
to his vocation, but partly to secure his future so 
that he could contribute to the support of his fam
ily. Mlodinow, unmoved by parental sentiments or 
filial piety or by the plight of a hapless nation but 
always ready with a wisecrack, suggests that his 
choice was so that "he could pray for the down
trodden Poles". 

It is well known that of the three possible top
ics proposed by Riemann for his qualifying lec
ture on the occasion of his Habilitation, Gauss 
chose, sometime in December, 1853, the third, on 
the foundations of geometry, the only one that 
Riemann did not have in a drawer fully prepared. 
There are two accounts of Riemann's reactions to 

5 "unhappy fate of Poland" 

6 "I was so deeply occupied with my investigation of the con
nection of the basic physical laws that I could not abandon 
it immediately when the topic of the qualifying lecture for 
the colloquium was proposed to me. Shortly thereafter I be
came ill, partly because of too much brooding, partly be
cause I had kept too much to my room in the bad weather; 
my old ailment appeared again with great tenacity, so 

Gauss's unexpected choice, one by Mlodinow, one 
by Riemann. 

Mlodinow: "Riemann's next step was understand
able-he spent several weeks having some kind of 
breakdown, staring at the walls, paralyzed by the 
pressure. Finally, when spring came, he pulled him
self together and in seven weeks hammered out a 
lecture." 

Riemann in a letter to his brother:6 " ... dass 
ich ... mich wieder mit meiner Untersuchung iiber 
den Zusammenhang der physikalischen Grundge
setze beschaftigte und mich so darin vertiefte, 
dass ich, als mir das Thema zur Probevorlesung 
beim Colloquium gestellt war, nicht gleich wieder 
loskommen konnte. Ich ward nun bald darauf 
krank, theils wohl in folge zu vielen Griibelns, 
theils in Folge des vielen Stubensitzens bei dem 
schlechten Wetter; es stellte sich mein altes Uebel 
wieder mit grosser Hartnackigkeit ein und ich kam 
dabei mit meinen Arbeiten nicht vom Fleck. Erst 
nach mehreren Wochen, als das Wetter besser 
wurde und ich wieder mehr Umgang suchte, ging 
es mit meiner Gesundheit besser. Fiir den Sommer 
habe ich nun eine Gartenwohnung gemiethet und 
habe seitdem gottlob iiber meine Gesundheit nicht 
zu klagen gehabt. Nachdem ich etwa vierzehn Tage 
nach Ostern mit einer andern Arbeit, die ich nicht 
gut vermeiden konnte, fertig geworden war, ging 
ich nun eifrig an die Ausarbeitung meiner Probevor
lesung und wurde urn Pfingsten damit fertig." 

Recalling that Pentecost falls seven weeks after 
Easter and subtracting fourteen days, we find that 
the preparations took only five weeks, but this dis
crepancy is of little importance. The others make 
for two accounts with quite different implications. 

According to Pais, in his scientific biography 
Subtle is the Lord, Einstein, at the age of sixteen, 
troubled by the separation from his family, which 
had moved to Italy, and anxious at the prospect of 
military service, obtained, with the help of his fam
ily doctor, a medical certificate that released him 
from the Luitpold Gymnasium and allowed him to 
join his parents in Pavia. It was apparently not rare 
to leave the gymnasium before the Abitur. Thomas 
Mann, the novelist, left with two years to go, per
haps for similar reasons, as his recently widowed 
mother had moved from Lubeck to Munich. Einstein 
left early to avoid military service; Mann stayed only 
to the end of the Obersekunda, the stage required 

that my work stood stack-still. Only after several weeks, 
as the weather improved and I began to get about again, 
did my health improve. I rented a country place for the 
summer and since then, thank goodness, have had no 
complaints about my health. After I finished another paper 
that I could hardly avoid, I started, about fourteen days 
after Easter, to work zealously on the preparation of my 
qualifying lecture and was finished by Whitsuntide. " 
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for a reduction of compulsory military service to 
one year. The account in Victor Klemperer's auto
biography, Curriculum vitae, suggests that for 
many students it was even normal to stay only to 
this point and then to find a commercial position 
of some sort. 

Einstein, who was, Pais stresses, an excellent 
student, had, however, no such intention. He re
sumed his studies elsewhere almost immediately. 
Nonetheless, this turn in his career gives Mlodinow 
a foot in the door: Einstein becomes, in a late twen
tieth-century word with inevitable modern conno
tations, a dropout. This is a pernicious notion. 

As Andre Weil pointed out many years ago in an 
observation at the beginning of his essay, The 
mathematics curriculum, "The American stu
dent ... suffers under some severe handicaps, ... 
Apart from his lack of earlier training in mathe
matics ... , he suffers chiefly from his lack of train
ing in the fundamental skills-reading, writing, 
and speaking ... ". Unfortunately this is not less 
valid today than when written; indeed it may now 
be true of students in Europe as well. It has certainly 
always applied to North Americans. Although we 
sometimes do better than Weil foresaw (L'avenir 
des mathematiques), we are, almost without ex
ception, handicapped all our lives because we could 
not begin serious thinking when our minds were 
fresh and free. 

What is striking about the education of Gauss 
and Einstein is the conjunction of talent and timely 
opportunity. They were both encouraged very early: 
Gauss by his first teachers, Buttner and Bartels; Ein
stein by his uncle and by a family friend, Max Tal
mud. Both had excellent educational opportuni
ties: Einstein because of his milieu; Gauss by chance. 
An Einstein from a home without books, without 
music, without intellectual conversation would al
most certainly have been much less confident, less 
intellectually certain, and much more dependent; 
a Gauss without early freedom, without early, ex
tensive knowledge of the eighteenth-century math
ematical literature would not have discovered the 
implications of cyclotomy or proved the law of 
quadratic reciprocity so soon, if at all. 

To forget this, to exaggerate his difficulties and 
to represent Einstein as an academically narrow, 
misunderstood or mistreated high-school dropout 
is a cruel disservice to any young reader or to any 
educator who swallows such falsehoods. 

Mlodinow adds the occasional literary touch, 
not always carried off with the desired aplomb. The 
first lines of Blake's Auguries of Innocence, 

To see a World in a Grain of Sand 
And a Heaven in a Wild Flower, 
Hold Infinity in the palm of your hand 
And Eternity in an hour. 

are fused, compressed to the universe in a grain 
of sand, and attributed to Keats. This is a fair 
measure of his scholarly care and, I suppose, of his 
literary culture. His own style is smooth enough; 
he adheres by and large to the usual conventions 
of contemporary American grammar, although 
there is a smattering of dangling participles and the 
occasional blooper. Confronted with an unexpected 
"like", he panics; the resulting "like you and I" 
might in earlier, happier times have been caught 
by his copy-editor. 

The book is wretched; there is no group of read
ers, young or old, lay or professional, to whom I 
would care to recommend it. Nonetheless, there are 
several encomiums on the dust-jacket: from Edward 
Witten, the dean of string theorists, and from a 
number of authors of what appear to be popular
izations of mathematics. They are all of the con
trary opinion; they find that it is "written with 
grace and charm", "readable and entertaining", and 
so on. Perhaps the book is a hoax, written to ex
pose the vanity of physicists, the fatuity of vul
garizers, the illiteracy of publishers, and the 
pedantry of at least one priggish mathematician. 
Would that this were so, for it is certainly thor
oughly dishonest, but not to any purpose, rather 
simply because the author shrinks from nothing in 
his desperation to be "readable and entertaining". 

The lesson to draw for those who have a gen
uine desire to learn something about mathematics 
and its history is that the most effective and the 
most entertaining strategy is to go directly to the 
sources, equipped with a competent, straightfor
ward guide, say Kline's Mathematical thought from 
ancient to modern times or, for more specific top
ics, Buhler's Gauss and similar studies and, of 
course, whatever linguistic skills they can muster. 
To learn about current goals the sources are of lit
tle help, and it is up to mathematicians to acquire 
sufficient understanding of their own field to pro
vide clear and honest introductions. Whether the 
subject is old mathematics or new, intellectual 
junk-food just undermines the constitution and 
corrupts the taste. 

Mathematics and Physics 

Although this heading is brief, it is far too sweep
ing. More established areas aside, the dynamics of 
renormalization by no means exhausts even those 
domains of mathematical physics in which funda
mentally novel conceptual structures are called 
for. Nevertheless, if what is wanted is encourage
ment to a broader view of the relation between 
mathematics and physics than is suggested by Eu
clid's Window and similar books then it is a good 
place to begin. So, at the risk of seriously over
stepping my limits, for the subject is large and my 
knowledge fragmentary and uncertain, I recall the 
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From an article of Thomas Andrews, Proceedings of the Royal 
Society of London, vol. 18, no. 114 (1869), pp. 42-45. Shows P-V 
curves for air and carbonic acid, with the carbonic acid curves 

near the critical point. 

dynamical questions that arise in statistical physics 
and in quantum field theories. 
Thermodynamics and Statistical Mechanics. An 
historical approach, beginning with the statistical 
mechanics and even the thermodynamics, is the 
simplest and perhaps the most persuasive. Fortu
nately there is a very good book to draw on, Cyril 
Domb's The Critical Point, written by a specialist 
with wide knowledge and great experience. It would 
be a superb book, were it not for the high density 
of misprints, especially in the formulas, which are 
often a challenge to decipher. Even with this flaw, 
it can be highly recommended. 

Few mathematicians are familiar with the notion 
of the critical point, although all are aware of the 
phase transition from the liquid to the gaseous 
state of a substance. It occurs for pairs of values 

(T, P(T)) of the temperature and pressure where the 
two states can coexist. It was Thomas Andrews, a 
calorimetrist in Belfast, who in 1869 first under
stood the nature of the thermodynamic phenom
ena at that pair of values for the temperature and 
pressure at which for ordinary substances, such as 
water, or in his case carbon dioxide, there ceases 
to be any difference between the liquid and the 
gaseous state. More precisely, for a fixed temper
ature below the critical temperature, as the pres
sure is increased there comes a point, P = P(T), 
where a gas, rather than simply being compressed, 
starts to condense. This is the point at which there 
is a transition from gas to liquid. When the pres
sure is large enough, the gas is completely con
densed and the substance entirely in the liquid 
phase, which upon further increase of the pressure 
continues to be slowly compressed. When, however, 
Treaches the critical temperature Tc, different for 
different substances, there ceases to be any sud
den change at P = Pc, which can therefore only be 
defined as a limiting value. The liquid at pressures 
above Pc is not distinguishable from the gas at 
pressures below. ForT> Tc, P(T) is no longer even 
defined. So the curve of values (T, P(T)) ends at the 
critical point. What happens at the curve's other end 
is not pertinent here as the solid state is not con
sidered. 

There is a fascinating phenomenon, critical 
opalescence, associated with the critical point that 
the mathematical physicists among the reader's col
leagues may or may not be able to describe. If not, 
I recommend the description in Michael Fisher's 
contribution to Lecture Notes in Physics, v. 186. Crit
ical opalescence is a manifestation of a statistical 
mechanical feature of the critical point: the corre
lation length becomes infinite there. This shows it
self in a less flamboyant way as singular behavior 
at the critical point of various thermodynamic pa
rameters, compressibility or specific heats, al
though the disturbing influence of gravity renders 
the experiments difficult. The critical point also ap
pears for magnets, investigated later by Pierre 
Curie, for which other thermodynamic parame
ters, susceptibility or spontaneous magnetization, 
are pertinent. What was understood only much 
later was the nature of the singularities. They are 
the focus of the mathematical interest. 

The first theory of the critical point, now referred 
to as a mean-field theory, was proposed within a 
very few years by van der Waals in his thesis and 
was warmly greeted by Maxwell, for whom it seems 
it was an occasion to learn Dutch or Low German, 
as it was then called, just as earlier, Lobatchevsky 
seems to have been an occasion for Gauss to begin 
the study of Russian. The mean-field theories, for 
gases and for magnets, were in general highly re
garded, so highly regarded indeed that almost 
no-one paid any attention to their experimental 
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confirmation. The critical indices describing the sin
gular behavior are not those predicted by van der 
Waals, but almost no-one noticed, at least not until 
the forties, when Onsager, exploiting the spinor cov
ering of orthogonal groups, succeeded in calculating 
explicitly some critical indices for a planar model 
of magnetization, the Ising model, and discovered 
values different than those of mean-field theory. 

Suddenly there was great interest in measuring 
and calculating critical indices, calculating them 
above all for planar models. A striking discovery 
was made, universality: the indices, although not 
those predicted by the mean-field theory, are 
equal-or appear to be for they are difficult to 
measure-for broad classes of materials or mod
els. Then came the first glimpses, by L. P. Kadanoff, 
of a dynamical explanation. At the critical point, 
the material or the model becomes in a statistical 
sense self-similar, and the behavior of the critical 
indices is an expression of the dynamics of the ac
tion of dilation on the system. 

The probabilistic content of statistical mechan
ics is determined by the Boltzmann statistical 
weight of each state, an exponential with a nega
tive exponent directly proportional to its energy and 
inversely proportional to the temperature. The en
ergy will usually be an extensive property that de
pends on the interactions defined by a finite num
ber of parameters and by a finite number of local 
properties such as the magnetization. The basic 
idea of the dynamical transformation is that, be
cause it is only the statistics that matter, small-scale 
fluctuations can be averaged and substantial 
chunks of the system, blocks, can be reinterpreted, 
after a change of scale, as small uniform pieces with 
well-defined local properties. 

It appears to have been K. G. Wilson who turned 
this idea into an effective computational tool, the 
renormalization group, and it is probably his pa
pers that it is most important that analysts read, 
for the success of the renormalization-group 
method is a result of a basic property of the asso
ciated (infinite-dimensional) dynamical system: at 
certain fixed points, the pertinent ones, there are 
only a finite number, usually one, two or three, of 
unstable directions (or, more precisely, a finite 
number, perhaps larger, of nonstable directions). 
All other directions are contracting and indeed 
most of them strongly so. A model, depending on 
parameters, temperature, pressure, or magnetic 
field, appears as a point in the space of the dy
namical transformation. A critical point appears as 
the parameters are varied and the corresponding 
point traverses a stable manifold. Because the man
ifold is stable and because it is the transformation 
that determines the properties of the system, all 
questions can be referred to the fixed point in it. 
This is the explanation of universality. 

To establish such a theory for even the simplest 
of planar models, percolation for example, is a 
daunting mathematical challenge-in my view 
central. For other planar models, it is not even 
clearly understood what the dynamical system 
might be; indeed on reflection it is clear that the 
very definition of the dynamical transformation re
lies on the property to be proved. So if there is a 
theory to be created, its construction will entail a 
delicate architecture of difficult theorems and sub
tle definitions. My guess is that there may be a lot 
to be learned from Wilson, who after all must have 
been able at least to isolate the expanding direc
tions sufficiently to permit effective calculations, 
but this guess is not yet based on much knowledge 
of his papers. 

Quantun Field Theories. In quantum field theory 
exactly the same dynamical structure of a finite
dimensional unstable manifold and a stable man
ifold of finite codimension plays a central role in 
the construction, by renormalization, of theories 
like quantum electrodynamics. Indeed it is some
times possible to pass, by an analytic continuation 
in an appropriate parameter, from statistical me
chanics to quantum field theories, but a direct ap
proach to them is often more intuitively appealing. 

The field theory is a much more complex object 
in which the algebra takes precedence over the 
analysis, most analytic problems being, apparently, 
so difficult that they are best left unacknowledged. 
In statistical mechanics there is an underlying prob
ability space, say (X, Jl). A related space-there is 
a conditioning by time-appears in field theories. 
It is enormous. In addition to functions on X, whose 
expectations are the pertinent objects in statisti
cal mechanics and which act on L 2 (Jl), there are in 
a field theory many other operators as well, to 
monitor the symmetries or to implement creation 
and annihilation of particles. So temporal evolution 
in a field theory is more easily grasped directly than 
as an analytic continuation of some stochastic 
process. Seen most simply, it arises from a constant 
creation and annihilation of particles, anti-particles 
and fields, most created only to last for a very 
short time and then to be destroyed again. 

The difficulties of the theory lie in these 
processes and its appeal to mathematicians in the 
constructs necessary to surmount the difficulties. 
The theory is usually prescribed by a Lagrangian, 
.£,which can perhaps be thought of as a prescrip
tion for the probabilities with which the elemen
tary processes of creation or annihilation occur, 
when, for example, an electron and a photon col
lide to produce an electron of different energy and 
momentum or an electron and a positron collide, 
annihilate each other, and produce a photon. The 
distinction between an elementary process and a 
compound process is to a large extent arbitrary. We 
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do not observe the processes occurring, only their 
outcome, so that what for one theory is purely 
compound may for another, equivalent theory be 
partly compound, partly elementary; for example, 
two electrons exchanging a photon, and then emerg
ing from this intimate encounter with changed mo
menta could be elementary or it could be the com
position of two electron-photon interactions, or 
an electron could briefly separate into an electron 
and a photon, that then fused into a single electron. 
Infinities arise because the elementary processes 
that enter into a compound process, being unob
served, can occur at all energies and momenta; the 
usual relation between energy, mass and momen
tum is violated. 

One way to attempt to surmount this difficulty 
is to allow only elementary processes with mo
menta and energy that are no larger than some pre
scribed constant A. This provides numbers §A (L) 
that are finite, although perhaps inordinately large, 
for every conceivable process, thus, otherwise in
terpreted, for every conceivable scattering of an ar
bitrary number of incoming particles, with what
ever momenta and energy they are allowed, as a 
collection of outgoing particles, although the dis
tinction between ingoing and outgoing is to some 
extent arbitrary. In the numbers §A(L), referred to 
as the amplitudes, the distinction between an ele
mentary and a compound process is lost, except 
of course for §o(L) which are just the amplitudes 
prescribed by the Lagrangian itself. To obtain a true 
theory, it is necessary to take A to infinity, but if 
the numbers §A(L) are to have finite limits, it may 
be necessary to adjust simultaneously the para
meters in the original Lagrangian, thus in the ini
tial prescription, so that they go to infinity. Since 
the initial prescription was made on the basis of 
an arbitrary distinction between elementary and 
compound process, this is not so paradoxical as it 
at first appears. 

The source of the success of this method is ul
timately the same dynamic property as in statisti
cal mechanics. For large A the transformation 
L - L' defined by requiring for all processes the 
equality of the amplitudes §A(L) = §o(L') operates 
in essence only on an unstable subspace of very 
small dimension, other directions being strongly 
contracted. Moreover, a finite set of amplitudes 
§i (L), 1 ~ i ~ n , can be chosen as coordinates on 
this space. Thus for large A, we can choose LA in 
a fixed space of dimension n so that §~(LA) has 
any desired values for i = l, ... , n. In the end, as 
A - oo, the Lagrangian LA sails off backwards in 
the stable directions, but the amplitudes lim§~ (LA) 
and, more generally, because of the stability, all 
lim§A(LA) remain finite and define the theory. 
This is a crude geometric or dynamical description 
of what is in reality a very elaborate process: renor
malization as it appears, for instance, in quantum 

electrodynamics. Nevertheless the dynamics is 
paramount. 

The dynamics looks even more doubtful than in 
statistical mechanics because there is now a whole 
family of transformations, one for each A . That can 
be remedied. If J1 is smaller than A, then it is rel
atively easy to find .£11 such that (}11 (.£ 11 ) =CiA (.LA). 
The pertinent map is 

Rv: (L,A)-(L11 ,J1), 

These maps form a semigroup in v, which is always 
less than 1. The presence of the second parame
ter is disagreeable but seems to be tolerable. There 
is now much more to be moved by the maps: the 
Hilbert space and all the attendant operators. It is 
not yet clear to me how this is done, but it is a 
process with which physicists appear to be at their 
ease. In addition, in the standard model of parti
cle physics as well as in many of the geometric ap
plications that appeal to mathematicians (see the 
lectures of Witten in the collection of surveys Quan
tum fields and strings: a course for mathemati
cians, two volumes that are indispensable when first 
trying to understand quantum field theory as a 
mathematical subject) it is gauge theories that 
occur and the renormalization and the dynamics 
have to respect the gauge invariance. 

It appears-I have not understood the matter
that just as the heat equation can be used to es
tablish various index theorems or fixed-point the
orems by comparing traces near t = 0 and near 
t = oo where they have quite different analytic ex
pressions, so does, by a comparison of calcula
tions at low and high energies, the dynamics of 
quantum field theory, which moves from one to the 
other, allow the comparison of quite different topo
logical invariants: the Donaldson invariants and the 
Seiberg-Witten invariants. My impression, but it is 
only an impression, is that a number of the appli
cations to topology or to algebraic geometry involve 
similar devices. If so, that is perhaps one reason, 
but not the sole reason, for attempting to estab
lish analytic foundations for the procedure. 

String Theory. In string theory, there are even 
more ingredients to the dynamics. Grossly over
simplifying, one can say that the particles are re
placed by the states of a field theory on an inter
val, thus by the modes of vibration of a string in a 
space M of dimension D, at first arbitrary. This is 
only the beginning! There is even at this stage a 
good deal of implicit structure that reveals the 
special role of D = 10 and D = 26: conformal field 
theory and supersymmetry above all. Moreover, 
the Feynman diagram is thickened; rather than a 
graph with vertices and edges, it becomes a surface 
with marked points. Finally the Lagrangian, which 
could be thought of as simply a finite collection of 
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numbers, one attached to each of the different 
types of vertex, is now described by a minkowskian 
metric of signature (1, D- 1) on the space M, so 
that there appears to be an infinite number of free 
parameters. It has, however, been pointed out to 
me that the apparently free parameters are rather 
dynamical variables. As in the general theory of rel
ativity, this background metric tensor is to be 
treated as a collection of fields, thus as a collec
tion of dynamical variables, and, as a consequence, 
it is subject to a quantization. So there are no ar
bitrary parameters in the theory! 

When discussing statistical mechanics, we em
phasized the critical point, but the dynamical trans
formation bears on other matters as well. It will re
flect, in particular, the abrupt change from a gas 
to a liquid at temperatures below the critical tem
perature or the possibility of spontaneous mag
netization: very small changes in the imposed mag
netic field entail very large differences in the 
induced magnetization, not merely in size but also 
in direction. The dynamics is moving points apart 
as v ~ 0. Analogues in field theory are multiple 
vacua or, in string theory, the great variety of low
energy (small v) limits. So the arbitrary parameters 
appear to resurface! 

Certainly, in string theory the analytic problems 
that it is fair to regard as central mathematical, al
though perhaps not physical, issues in statistical 
mechanics recede-for the moment at least-into 
the background. They are not entirely unrelated to 
the problem of choosing among the vacua and 
thus of constructing a single distinguished physi
cal theory rather than a family of theories, a prob
lem that also seems to be in abeyance at the mo
ment. Such matters are far over my head. The 
issues of most current appeal in mathematics, and 
to a lesser extent in physics, are algebraic or geo
metric, perhaps above all geometric: the transi
tions from one family of low-energy theories to an
other; or the possibility-another low-energy 
phenomenon-that different spaces M and differ
ent background metrics on them lead to the same 
theory (mirror symmetry and other dualities). 

About the Cover 
This month's cover accompanies Robert Lang
lands' review of the book "Euclid's Windows". 
It is taken from the version of the first six 
books of Euclid's Elements produced in 1847 
by the amateur (and, some say, crank) math
ematician Oliver Byrne. This remarkable book 
was published by the firm of William Picker
ing and printed at the Chiswick Press; these 
two companies were well known at that time 
for working together to produce fine books. 
The illustration shows in entirety Byrne's 
graphical proof of Proposition 32 of Book I, 
which asserts that the angles in a triangle add 
up to two right angles. Byrne's Euclid is well 
known to bibliophiles for its extraordinary 
wood-engraved color illustrations, but per
haps not so well known as it might be among 
mathematicians. It is not always successful in 
its aims of improving traditional exposition, 
but the excerpt displayed here seems lucid as 
well as attractive. 

Little seems to be known about the exact 
conditions under which the book was pro
duced, but the amount of effort and expense 
involved, presumably by both Byrne and the 
publishers, suggests that in the nineteenth 
century there was expected to be an audience 
for Euclidean geometry quite different from 
what we would now expect in our own culture. 
Unfortunately, the book was not in fact a fi
nancial success, although the reasons for this 
are not clear. 

Our thanks to Richard Landon, director of 
the Thomas L. Fisher Rare Book Library at the 
University of Toronto, for providing the image. 

-Bill Casselman (covers@ams. org) 
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NSF Fiscal Year 2003 
Budget Request 

566 

This article is the 30th in a series of annual reports outlining 
the president's request to Congress for the budget of the 
National Science Foundation. Last year's report appeared in 
the August 2001 issue of the Notices, pages 705-708. 

Last fall, Congress passed the appropriations bill 
providing money for the National Science 
Foundation (NSF) for fiscal year 2002, which runs 
from October 2001 through September 2002. Buried 
in the conference report for the bill, amid discus
sions of funding for high-profile projects like tele
scopes and particle colliders, is this statement: 
"The conferees have also placed a high priority 
on mathematics research within the amounts 
provided for this activity." This small statement is 
having a big impact on the mathematical sciences, 
for it has translated into a $30 million increase in 
NSF spending in this area. 

Each year, on the first Monday in February, the 
federal budget cycle begins when the president 
sends his budget request to Congress for the next 
fiscal year, which starts the following October. The 
fiscal year 2002 request was delayed from February 
to April2001, due to the change in administration. 
That request was not kind to science. The NSF 
stood to gain only a miserly 1 percent, although 
even in that lean budget the NSF's Division of 
Mathematical Sciences (DMS) was singled out for 
a substantial rise. As criticism came from many 
quarters about the paltry increases for science 
throughout the budget request, and as the events 
of September 11 underscored the need for scien
tific research to bolster the nation's defenses, 
Congress decided to put more money into science. 
As a result, the fiscal year 2002 federal budget, 
when it was finally enacted by Congress last 
fall, included an 8.4 percent increase for the NSF, 
and science budgets rose across the federal 
government. And the budget for the DMS surged 
past its requested level, climbing to $151.5 million, 
an increase of 24.7 percent. 

The increases for the DMS have resulted from a 
mathematical sciences initiative (now being called 
a "priority area"), which was approved in October 
2000 by the National Science Board, the NSF's poli
cymaking body. The influence of this initiative can 
also be seen in the fiscal year 2003 budget request, 
which was sent to Congress on February 4, 2002. 
Although the requested increase for the NSF 
overall is only 5 percent, the DMS would receive a$ 30 
million hike, amounting to a 20 percent rise for the 
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division and bringing its total budget to $181 million 
for fiscal2003. There has been "a recognition and an 
identification of the mathematical sciences as a 
priority area, with implications that 2003 is one 
increase in several to follow," said Philippe Tondeur, 
director of the DMS. "This may change the landscape 
of mathematical sciences funding by the NSF." 

How did the mathematical sciences initiative 
come about? According to Samuel M. Rankin III, 
director of the AMS Washington Office, some of 
the groundwork was laid by Donald]. Lewis of the 
University of Michigan, when he was director of 
the DMS from 1995 to 1999. Lewis launched some 
innovative programs, such as VIGRE (Vertical In
tegration of Research and Education), that had a 
large impact in the mathematical sciences com
munity and high visibility within the NSF. In addi
tion, Rankin noted, then-AMS president Arthur 
Jaffe of Harvard University worked hard to convey 
the importance of the mathematical sciences to 
the upper echelons of the NSF. In September 1998, 
biologist Rita Colwell was named director of the 
NSF, and she has become an enthusiastic champion 
for the mathematical sciences. Jaffe invited her to 
speak at the May 1999 inauguration of the Clay 
Mathematics Institute, a philanthropic organization 
he heads. "From that time on, she really started 
talking a lot about mathematics," Rankin recalled. 
Then Tondeur came to the NSF in the summer of 
1999 and aggressively began making the case for 
strong NSF support of the mathematical sciences. 
"On a daily basis, Tondeur is pushing mathemat
ics, and he has done an excellent job working the 
system," Rankin said. 

OMS Plans for Fiscal2002 
One way the DMS plans to use its fiscal year 2002 
increase is in making three new awards for math
ematical sciences institutes, bringing to six the 
total number of institutes funded by the DMS 
(the existing three are the Mathematical Sciences 
Research Institute in Berkeley, the Institute for 
Mathematics and its Applications at the University 
of Minnesota, and the Institute for Pure and Ap
plied Mathematics at the University of California, 
Los Angeles). At the time of this writing, the awards 
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were still in the process of negotiation and the 
locations and natures of the new institutes had not 
been announced. During fiscal year 2002, the new 
institutes will receive start-up funding and will 
come to full funding only in fiscal 2003. The cur
rent plan for fiscal year 2002 calls for the DMS to 
spend $12.8 million on institutes; the fiscal year 
2003 request raises this amount to $14.0 million. 
The DMS is also contributing to a mathematical sci
ences institute established last year in Canada, 
the Banff International Research Station (BIRS). 
However, the DMS contribution to BIRS is much less 
than for the U.S. institutes: $1.3 million over four 
years. Primary funding for BIRS comes from the 
Canadian government and the province of Alberta. 

In arguing for increases for mathematics, 
Tondeur has emphasized three themes-interdis
ciplinary research, fundamental research, and 
education-and these can be seen in the DMS plans 
for spending its $30 million increase for fiscal 
year 2002. Under the banner of interdisciplinary 
research, the DMS has issued calls for proposals 
for "partnership" programs in three areas. The 
first is designed to stimulate work at the interface 
of mathematics and biology and is jointly funded 
by the DMS (which is contributing $2 million) and 
the National Institute of General Medical Sciences 
(which is contributing $4 million). The second 
partnership focuses on mathematics and the geo
sciences, with an initial emphasis on analyzing 
and modeling geosystems that contain a broad 
range of interacting scales. For this partnership, 
the DMS and the NSF's Geosciences directorate 
will each contribute $2 million. The third partner
ship is called CARGO (Computational and 
Algorithmic Representation of Geometric Objects) 
and has three sponsors: the DMS ($1.5 million), 
the NSF's Computer and Information Science 
and Engineering directorate ($1.5 million), and 
the Defense Advanced Research Projects Agency 
($1 million). 

Under the theme of fundamental research, the 
Focused Research Groups (FRGs) program will go 
from $9 million in fiscal 2001 to $12 million in fis
cal 2002. The DMS has always funded group grants, 
but often the researchers on such grants have only 
loose collaborative ties. To be funded under the FRG 
program, a proposal must justify how the group can 
together achieve things that would not be possible 
with the individual researchers working alone. 
Tondeur pointed to the earlier effort to classify all 
finite simple groups as an example of a project that 
required intensive group work. In fiscal year 2001, 
the DMS funded ten FRGs, and Tondeur said the 
number will increase in fiscal year 2002. Some 
FRGs involve researchers from other disciplines and 
are jointly funded with other NSF divisions. 

The heart of the DMS portfolio in fundamental 
research remains its disciplinary programs, which 
emphasize individual research grants: Algebra, 
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Number Theory, and Combinatorics; Analysis; 
Applied Mathematics; Computational Mathematics; 
Statistics and Probability; and Geometric Analysis, 
Topology, and Foundations. Tondeur said that in 
fiscal year 2002, increases for the disciplinary 
programs "will be bigger than ever before," with all 
the programs receiving increases in the 9 to 16 
percent range. Further increases are also projected 
for fiscal year 2003. These increases, he indicated, 
have come as a result of the diversification of the 
DMS portfolio. "The programs get better increases 
in a diversified strategy than in any other way," he 
said. And, "the fact that we have diversified our 
portfolio has made us more attractive for increased 
investments." He pointed out that opportunities 
for research support will also increase through the 
FRGs and the partnership grants, which fund 
researchers in much the same way as individual 
grants do. According to an NSF "fact sheet" about the 
mathematical sciences initiative, the fiscal year 2003 
budget request would allow the DMS to support 
2,000 individual investigators (including some 
working in teams), 300 postdoctoral scholars, and 
1,300 graduate students. 

Rankin noted that, when it comes to increases 
for individual grants, the NSF tends to emphasize 
upping grant size and duration, but rarely mentions 
raising the total number of grants. "Nobody ever 
tries to sell that," he remarked. Now, though, the 
Coalition for National Science Funding (CNSF) 
has taken up the cause. The CNSF, which Rankin 
currently chairs, is an alliance of over ninety uni
versities and scientific and professional societies 
that have banded together to support the goal of 
increasing the NSF budget. The CNSF has issued 
a statement outlining what it believes should be 
priorities for the fiscal year 2003 NSF budget. At 
the top of the priority list is an increase of $220 
million for funding for core programs in research 
and education. "Presently, 13 percent of highly 
rated proposals to NSF are not funded due to lack 
of funds," the statement says. "The proposed in
crease would ... enable more highly rated proposals 
to be funded, allowing NSF to meet unrealized 
opportunities in core research and education." 

The main showpiece for the DMS educational 
theme is the VIGRE program. VIGRE supports 
innovative projects in mathematical sciences 
departments, in which research and education are 
integrated through interactions among undergrad
uates, graduate students, postdoctoral fellows, and 
faculty. There are currently thirty-one VIGRE grants 
active. The DMS recently completed an assessment 
of the projects funded during the first year of 
VIGRE and has decided to terminate some of those 
grants and also to fund some new ones. In fiscal 
year 2002, the DMS will spend about $16 million on 
VIGRE. The program will remain an important part 
of the DMS portfolio, but Tondeur said he cannot 
anticipate what the level of funding for fiscal year 
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2003 will be until the proposals come in for the next 
deadline for the program, which is in July 2002. As 
Tondeur put it, "there is no prescribed growth model 
forVIGRE." 

The VIGRE program has brought a mixed reac
tion from the mathematical sciences community. 
At the Joint Mathematics Meetings in San Diego in 
January 2002, Rankin went to a VIGRE focus group 
attended by about twenty-five directors of gradu
ate programs (or their representatives). Based on 
the reactions at the focus group, Rankin reported, 
it appears that some departments feel pressure to 
go after VIGRE grants simply in order to remain 
competitive with those departments that already 
have the grants. VIGRE provides good support for 
graduate students, and departments without the 
grants find they are at a disadvantage in attract
ing qualified students. At the same time, because 
students supported on VIGRE grants must be U.S. 
citizens, departments that have the grants find 
that the pool of well-qualified U.S. students is 
too small. VIGRE-supported students are not 

permitted to teach, so some departments with 
VIGRE grants find they have to bring in graduate 
students from other disciplines to teach mathe
matics classes. As Rankin summed up the general 
reaction, "VIGRE presents as many dilemmas and 
problems as positive attributes." 

Math a Priority in 2003 
Scanning through the fiscal year 2003 request, 
one finds that the DMS stands out among the NSF 
divisions as having one of the highest requested 
increases. Within the Mathematical and Physical Sci
ences (MPS) directorate, the DMS is clearly the big 
winner: The request calls for cuts for all of the other 
disciplinary divisions in the MPS, and overall the 
directorate's budget would rise only 2.3 percent. 
Another big increase is seen in the Math and 
Science Partnerships program, begun in fiscal 
year 2002 in the Education and Human Resources 
directorate (this program is separate from the 
partnerships established in the DMS). The pro
gram's budget would rise from $160 million to 
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$200 million in fiscal year 2003; plans call for 
funding for the program to reach about $1 billion 
in five years. "The [Partnerships program] brings 
states and local school districts together with the 
science, engineering, mathematics and education 
departments of institutions of higher education to 
strengthen pre-K-12 math and science education," 
the budget request states. "The partnership also 
aims to increase the number, quality and diversity 
of pre-K-12 math and science teachers." 

The request identifies six main "priority areas," 
one of them being the mathematical sciences ini
tiative (the change in terminology from "initiative" 
to "priority area" is due to the new administration's 
decree that the government take on "no new ini
tiatives"). The other five are Biocomplexity in the 
Environment; Information Technology Research; 
Nanoscale Science and Engineering; Learning for 
the Twenty-first Century; and Social, Behavioral, 
and Economic Sciences. Among these six, the math
ematical sciences initiative has the largest per
centage increase, though in dollar amount it is 
much smaller than some of the others. Funding for 
the mathematical sciences initiative would increase 
from $30.0 million in fiscal year 2002 to $60.09 
million in fiscal year 2003. The budget request 
also outlines long-term funding for the initiative, 
which would reach $109.5 million by 2007. How
ever, given the realities of year-to-year budgeting 
by the government, such long-term plans are 
notoriously difficult to carry out. 

How does the requested increase for the 
mathematical sciences initiative relate to the 
DMS budget? For fiscal year 2002, the entire $30.0 
million investment in the initiative went to the 
DMS, whereas the fiscal year 2003 investment of 
$60.09 million would be spread across eight NSF 
directorates; for example, $0.91 million would go 

to the Biological Sciences directorate, and $2.74 
million would go to the Education and Human 
Resources directorate. Most of the increase, though, 
would be concentrated in the MPS, whose invest
ment in the mathematical sciences initiative would 
increase by $17.39 million and total $47.39 million 
in fiscal year 2003. The entire $17.39 million 
increase would go to the DMS. The total requested 
increase for the DMS for fiscal year 2003 is $30.39 
million. Therefore, the request provides for a $13.0 
million increase for the DMS apart from the 
mathematical sciences initiative. 

New Opportunities Ahead 
With the increase for the DMS for fiscal year 2002 
and the likelihood of more such increases in com
ing years, Tondeur sees a bright future for support 
of the mathematical sciences. "I hope researchers 
will find it's a wonderful playing field and will 
do extraordinary things with these extraordinary 
opportunities," he said. "In particular, I hope the 
improved landscape will encourage young people 
to join this glorious profession." 

Tondeur's tour of duty in the DMS ends on 
July 31, 2002, and, despite his clearly successful 
time there, he has vowed not to stay past that 
date. Right now the NSF is looking for a replace
ment. "During the three years of my tenure at 
the helm of DMS, the NSF leadership has been ex
tremely supportive of the mathematical sciences, 
increasing the DMS budget requests by 70 percent 
over this period," he said. "I hope for a successor 
who will be able to build on this effort." 

-Allyn jackson 

The NSF fiscal year 2003 budget request is 
available at the website http ://www . nsf. 
gov/bfa/bud/fy2003/start.htm. 
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Book Review 

The Universe in a Nutshell 
Reviewed by Steven G. Krantz 
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The Universe in a Nutshell 
Stephen Hawking 
Bantam Books, New York, 2001 
ISBN 0-553-80202-X 
$35.00,216 pages 

Along with Andrew Wiles and Linus Pauling, 
Stephen Hawking is one of the very few modern 
scientists whose name is a household word. 
Hawking, the Lucasian Professor of Mathematics 
(Isaac Newton's chair) at Cambridge University, 
has an insight and an imagination that soar across 
the cosmos, devising dreams and schemes of how 
the universe works. The legend of Hawking is of 
course immensely augmented by the fact that he is 
afflicted with motor neurone disease (commonly 
known in the U.S. as "Lou Gehrig's Disease"). In fact 
he has known that he had the disease since the 
age of twenty-one (Hawking is now sixty). He did 
not expect to live to the age of twenty-five and was 
tempted to despair. Instead, by his own telling, 
the knowledge of having this deadly illness gave 
him courage and hope and a will to live. It took his 
aimless and futile life (which Hawking himself has 
described elsewhere in painful and shamefaced 
detail) and gave it direction and purpose. And he has 
applied that newfound Gestalt to the development 
of ideas in theoretical physics. 

To read any of Hawking's many books, 
one would never realize just how devastating 

Steven G. Krantz is chair and professor in the Department 
of Mathematics at Washington University in St. Louis. His 
e-mail address is sk@math .wustl. edu. 
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Hawking's illness is. 
He speaks of it only 
rarely and as if it 
were just a minor in
convenience. How
ever, his friend Roger 
Penrose has told me 
quite frankly that it 
requires an army of 
people just to keep 
Hawking going: He 
cannot speak, he can
not walk, he cannot 
pick up a pen, and he 
cannot even breathe 
on his own. Hawk-
ing's popular writing 

is redolent of joy and good humor and great high 
spirits. One cannot but think that the world would 
be a better place if we all had the good and opti
mistic frame of mind of Stephen Hawking. His is 
truly a profile in courage. 

Stephen Hawking's A Brief History of Time [HAW] 
has been a publishing phenomenon. Penned in 
1988, it spent more than four years on the bestseller 
lists and sold more than ten million copies in forty 
languages. As Hawking's post doc Nathan Myhrvold 
(of Microsoft fame) has said, Hawking has sold 
more books on physics than Madonna has on sex. 
Part of the appeal of Time is the Hawking mys
tique, but a considerable part of its charm is 
the breezy and friendly style in which the book 
is written. Like mathematics, physics is stark and 
rigorous and forbidding, enshrouded by technical 
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lingo and recondite ideas. Although "relativity", 
"the uncertainly principle", "the speed of light", 
and "black holes" hold great charm and fascination 
for the layman, most writings on these topics are 
either facile and incorrect or onerous and obscure. 
Hawking forges a brilliant path between these two 
extremes. Obviously everything he says is author
itative and accurate; in those instances where he 
must blow smoke, he is quite honest about it and 
still gives the reader a sense of what is going on. 
Hawking uses analogy and humor and example 
and metaphor to depict his ideas in an attractive 
and compelling manner. 

So if A Brief History of Time is the be-all and end
all of the popular conception of cosmology, then 
why is there any need for another book? Well, pub
lishers like to sell books; and Stephen Hawking is 
a best-selling author. But let us be more charitable. 
By Hawking's own telling, Time is a tough go for 
the untrained reader. As I was reading the book's 
description of the forward and backward light 
cones, I was struck by how simple and obvious 
these ideas are to a trained scientist (like myself), 
and how utterly obscure they must be to a tyro. The 
rather more expensive "illustrated edition" of Time 
has many attractive graphics, but the original and 
widely disseminated first edition has only a few sim
ple line drawings. As a result, and in spite of its 
immense popularity, the book comes off as a bit 
dry and uninviting. The common wisdom is that 
millions bought the book, but few have gotten past 
the first twenty pages. 

Enter The Universe in a Nutshell. In his preface, 
Hawking acknowledges the difficulties noted in 
the preceding paragraph and touts the importance 
of good pictures. This new book, he claims, will be 
much more accessible to the lay reader. He points 
out, wisely I think, that Time is written in a linear 
order-just like a mathematical monograph. 
Chapter n + 1 in Time depends strictly on Chapters 
1 to n. Of course the mathematical scientist is 
accustomed to this type of vertical development. 
The average reader is not. In a much-read article 
[THU] on mathematics education, William Thurston 
points out that mathematics is a "tall subject." The 
student painstakingly climbs up the pole to the 
point where he loses his grip, and then he falls 
down (never to rise again). Thurston argues for the 
value of making mathematics a "wider subject" 
with a broad-based infrastructure. Hawking has 
got this message. In his new book, his organization 
pattern is a tree: After the introductory material, 
the book branches out in several different directions. 
The reader may dip into the succeeding chapters 
at will and jump around as interest and inclination 
dictate. Perhaps more important is that Nutshell 
has marvelous figures, many of them in full color. 
These are pictures (very elementary ones) of sci
entific ideas, or of equations, or of the scientists 

themselves. There are sidebars on Kurt Gbdel and 
Kip Thorne and Richard Feynman and John Wheeler 
and Star Trek and any number of other familiar 
people and topics. The book is just plain fun. Even 
when the casual reader gets lost, and he certainly 
will, he will be encouraged and carried along by the 
graphics and by the verbal byplay that accompanies 
the more serious text proper. An added feature is 
that the book has a concise and useful glossary. 
Many a reader will have difficulty keeping track of 
terms and ideas, and this tool will certainly keep 
many an aficionado going. 

There are perhaps those who will criticize Nut
shell for not being sufficiently serious. Popular 
singer/ songwriter Neil Sedaka says that people 
fault him for having too much fun with his music. 
Certainly Hawking has tremendous fun with his 
physics. A few sample passages suggest the over
all tone: 

Newton occupied the Lucasian chair at 
Cambridge that I now hold, though it 
wasn't electrically operated in his time. 

This [time dilation as explained by rel
ativity theory] might suggest that if one 
wanted to live longer, one should keep 
flying to the east so that the plane's 
speed is added to the earth's rotation. 
However, the tiny fraction of a second 
one would gain would be more than 
canceled by eating airline meals. 

.. .I estimate the probability that Kip 
Thorne could go back and kill his grand
father [using time travel] as less than 
one in ten with a trillion trillion trillion 
trillion trillion zeroes after it. That's a 
pretty small probability, but if you look 
closely at the picture of Kip, you may 
see a slight fuzziness around the edges. 
That corresponds to the faint possibil
ity that some bastard from the future 
came back and killed his grandfather, 
so he's not really there. 

The reader of this review can surely see that I am 
a great admirer of Stephen Hawking. His strength 
and his courage and his exuberance are both in
fectious and inspiring. But I also appreciate the 
tremendous intellectual effort that it takes to ex
plain a subject as technical and deep as cosmology 
to the lay public. It takes real gifts, and tremendous 
determination, to pull this off. It requires a certain 
amount of chutzpah even to try it. The likelihood 
of failure is considerable, and the likelihood of 
embarrassment before one's colleagues is huge. 
Yet we in the mathematical sciences have suffered 
in the public eye, have suffered in the derby for 
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funding, and have suffered among the sciences 
because we have not been willing to take these 
risks. I can only hope that we will all see Stephen 
Hawking as a role model and that we will therefore 
try-even in a small way, perhaps by consenting 
to an interview with the campus newspaper-to 
communicate as Hawking has. There is much to be 
gained, and the risks are well worth it. Now that 
Hawking has forged the path, it is much easier for 
the rest of us to follow. 

Hawking confesses that when he wrote A Brief 
History of Time he felt that physicists were on the 
verge of a great overarching theory that would, in 
particular, reconcile general relativity with quan
tum mechanics. Part of the purpose of the present 
book is to bring the reader up to date with progress 
on this unified theory in the past thirteen years. 
Hawking addresses this goal by way of describing 
various avenues of research that he, himself, has 
pursued. This of course makes perfect sense, and 
he does a splendid job of giving the reader a feel 
for p-branes, string theory, Feynman's multiple 
histories, black holes, and many other cutting edge 
ideas. I am not at all sure that, having labored 
through the book, the reader will have a clear idea 
of where we are now as compared to where we were 
in 1988. One is tempted at this point to compare 
Hawking's new book with Brian Greene's The Ele
gant Universe [GRE]. Greene states point blank in 
his preface that " ... physicists believe that they 
have finally found a framework for stitching these 
insights together into a seamless whole-a single 
theory that, in principle, is capable of describing 
all physical phenomena." He then proceeds to 
spend 387 pages telling us (by way of superstring 
theory and the like) how the physicists have 
achieved this end. Greene is less interested in en
tertaining us than in telling a very serious story. 
As a result, his book is rather more cerebral and 
ponderous than Hawking's. It has nevertheless 
been well received and has certainly acquainted a 
broad cross-section of the populace with some 
important scientific developments. But the book is 
perhaps more austere than even A Brief History of 
Time. It contains much more solid information 
than, and will reach a much more limited audi
ence than, The Universe in a Nutshell. This is a 
trade-off with which both authors should be 
comfortable. 

The Universe in a Nutshell has many features 
going for it. Like A Brief History of Time, it has a 
delightfully wry and enticing title. It draws the 
reader in quickly and painlessly and sustains him 
with wit and popular touchstones and fun. The 
reader of Nutshell will know, because Hawking has 
told him quite explicitly, that we have not yet 
reached our goal of a unified theory and that we 
probably never will. To Hawking's mind, and to 
mine as well, this is all to the good because the 

NOTICES OF THE AMS 

journey is much more enthralling than the finish. 
The reader of Nutshell will have been left with 
many opened doors and unanswered questions, and 
this is clearly how Hawking wants it. Readers of his 
next book will have all the necessary prerequisites. 
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A WM Awards Presented 
in San Diego 

The Association for Women in Mathematics (AWM) 
presented two awards during the Joint Mathemat
ics Meetings in San Diego in January 2002. 

louise Hay Award 
The Louise Hay Award for Contributions to Math
ematics Education was established in 1990 to honor 
the memory of Louise Hay, who was widely recog
nized for her contributions to mathematical logic 
and her devotion to students. 

The 2002 Hay Award was presented to ANNIE 
SELDEN of Tennessee Technological University. She 
received the award for "her outstanding scholarly 
contributions to undergraduate mathematics 
education, her sustained efforts to promote the 
mathematics community's understanding of the 
importance of research in mathematics education, 
and her role as a mentor to young faculty." She has 
been a key figure in the development of a new 
professional organization, the Association for Re
search in Undergraduate Mathematics Education. 
Her contributions to research in teaching and learn
ing collegiate mathematics include many writings 
on calculus learning and proof in advanced math
ematical thinking. She has also served as a mentor 
in a project to pair senior mathematics education 
researchers with mathematicians and other young 
faculty interested in research in undergraduate 
mathematics education. "Annie Selden has been a 
visionary for the promotion of research in collegiate 
mathematics education and has provided leader
ship for the professional community of mathe
matics educators," the citation states. 

Schafer Prize 
The Alice T. Schafer Prize for Excellence in Math
ematics b y an Undergraduate Woman was 
established in 1990. The prize is named in honor 
Alice T. Schafer, one of the founders of AWM, who 
also served as AWM president. 

The 2002 Schafer Prize was awarded to KAY 
KIRKPATRICK of Montana State University and MELANIE 
WooD of Duke University. 

Kay Kirkpatrick is a senior at Montana State 
University, where she has excelled in many gradu
ate courses. In the summer of 2000, she participated 
in the Industrial Mathematics Workshop for 
Graduate Students at the Center for Research in 
Scientific Computation at North Carolina State 
University. Her mentor there says that Kirkpatrick 
"was extremely insightful, very creative in her 
thinking, and was the intellectual peer of the best 
graduate students in the program. She is one of the 
brightest undergraduates I have encountered in 
more than thirty years in academia." Kirkpatrick 
also participated in a Research Experiences for 
Undergraduates program in the summer of 2001 
and wrote a paper that has been accepted for 
publication. Kirkpatrick was awarded a Barry M. 
Goldwater Scholarship in 2001. 

Melanie Wood is a junior at Duke University. In 
1999, she was a member of Duke's third-place 
Putnam team and received an Honorable Mention 
for her individual Putnam performance. She has 
excelled in many graduate courses, beginning in 
the fall of her freshman year and continuing to 
the present. One of her professors commented 
that she is "a truly remarkable student, one of the 
best I have ever encountered in my twenty-one 
years of teaching"; another commented, "I know 
that she will become a top-flight mathematician." 
In the summer of 2000, Wood participated in a 
Research Experiences for Undergraduates program 
and wrote a paper that has been submitted for 
publication. She was awarded a Barry M. Goldwater 
Scholarship in 2001. 

Five students also received honorable mentions 
in the Schafer Prize competition: KAREN M. LANGE of 
Swarthmore College, SONJA MAPEs of the University 
of Notre Dame, AMY E. MARINELLO of Swarthmore 
College, KATHLEEN A. PoNTO of the University of 
Notre Dame, and GRACE C. WANG of the University 
of California at Berkeley. 

- From A WM announcements 
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MAAAwards Presented 
in San Diego 

574 

The Mathematical Association of America (MAA) 
presented a number of prizes and awards at 
the Joint Mathematics Meetings in San Diego in 
January 2002. 

Becken bach Book Prize 
The Beckenbach Book Prize, named in honor of 
the late Edwin Beckenbach, is awarded for distin
guished, innovative books published by the MAA. 

The 2002 Beckenbach Book Prize was awarded 
to JosEPH KIRTLAND for his book Identification Num
bers and Check Digit Schemes, published in the 
MAA Classroom Resource Materials Series. "This 
book exploits a ubiquitous feature of daily life, 
identification numbers, to develop a variety of 
mathematical ideas, such as modular arithmetic, 
functions, permutations, groups, and symmetries," 
the citation states, concluding that this book is 
"an outstanding, distinguished, and innovative 
expository book." Kirtland is on the faculty of 
Marist College. He has been selected six times by 
the students for the Faculty Recognition Award in 
the School of Computer Science and Mathematics. 
In the fall of 2000, he was presented with the Board 
of Trustees' Distinguished Teaching Award. 

Chauvenet Prize 
The Chauvenet Prize, first awarded to Gilbert Bliss 
in 1925, is presented for an outstanding expository 
article on a mathematical topic by a member of the 
MAA. The prize is named in honor of William 
Chauvenet, a professor of mathematics at the U.S. 
Naval Academy. 

The 2002 Chauvenet Prize was awarded to ELLEN 
GETHNER, STAN WAGON, and BRIAN WicK for their paper 

"A Stroll through the Gaussian primes" (American 
Mathematical Monthly 15 (4) 1998, 327-37). 

The article describes the Gaussian moat prob
lem concerning the distribution of the Gaussian 
primes in the complex plane. As the prize citation 
puts it, "If one uses the Gaussian primes as step
ping stones, can one walk to infinity with steps of 
bounded length? It is a fascinating and still an 
unanswered question." The paper discusses the 
history and motivation of the problem in a "very 
accessible and pleasant style." 

Ellen Gethner received her Ph.D. from Ohio 
University in 1992 and is in the final stages of an
other Ph.D. in theoretical computer science at the 
University of British Columbia. Stan Wagon is a 
professor of mathematics at Macalester College 
and the author of several expository books about 
mathematics. Brian Wick is a professor at the Uni
versity of Alaska at Anchorage, where he helped to 
develop the baccalaureate degree in mathematics. 

HaimoAward 
The Deborah and Franklin Tepper Haimo Awards 
for Distinguished College or University Teaching 
of Mathematics, established in 1991, honors college 
or university teachers who have been widely rec
ognized as extraordinarily successful and whose 
teaching effectiveness has had influence beyond 
their own institutions. 

The 2002 Haimo Award was presented to DENNIS 
DETURCK, PAUL]. SALLY JR., and EDWARD SPITZNAGEL JR. 

Dennis DeTurck has had "a distinguished career 
of dedication to the improvement of teaching and 
learning of mathematics and science," the citation 
states. "A charismatic classroom teacher who 
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inspires students at all levels to learn and to love 
the subject, DeTurck is also a talented innovator 
who has created a variety of programs to enhance 
teaching." He was the founding director of the 
Middle Atlantic Consortium for Mathematics and 
its Applications Throughout the Curriculum and 
now directs the Access Science program that con
nects the science and engineering departments of 
the University of Pennsylvania with K -12 public 
schools in West Philadelphia. DeTurck chairs the 
mathematics department at the University of Penn
sylvania and is the Davidson Kennedy Professor. 

"Paul Sally is a highly respected research mathe
matician who is enormously committed to the cause 
of education and excellence at all levels," the citation 
says. "In the past forty years, his superb classroom 
teaching and his long-range educational programs 
have affected thousands of students and teachers 
from the elementary grades to the Ph.D." As a 
professor at the University of Chicago, Sally founded 
the University of Chicago School Mathematics Pro
ject and a Young Scholars Program. He also launched 
SESAME (Seminars for Endorsement of Science and 
Mathematics Educators), a staff development pro
gram for elementary school teachers from Chicago 
public schools . Recognized for the excellence of 
his undergraduate teaching, Sally has coached 
the university's Putnam team and helped to start 
a mathematics club. 

Edward Spitznagel was honored for "his extra
ordinary success in applying his vast practical 
experience and great enthusiasm to the classroom." 
His lively lectures are regularly oversubscribed and 
feature applications of statistics to many other 
fields. He collaborates with investigators in such 
fields as medicine, pharmacology, marketing, 
engineering, and psychology. "His breadth of 
scholarship and his feeling for the practical find 
immediate application to his teaching," the citation 
states. He is on the faculty of Washington University 
with a joint appointment in the Department of 
Mathematics and in the Division of Biostatistics in 
the Washington University School of Medicine. He 
has received ten awards for teaching. 

Certificates of Meritorious Service 
Each year the MAA presents Certificates for Meri
torious Service to a section of the MAA. Those hon
ored in 2002 are: VMAN DENNIS-MONZINGO of Eastfield 
College, Texas Section; RICHARD A. GIBBS of Fort 
Lewis College, Mountain Section; DENNIS LuciANo of 
Western New England College, Northeastern Section; 
]OHN W. PETRO of Western Michigan University, 
Michigan Section; CYNTHIA]. WOODBURN of Pittsburg 
State University, Kansas Section; and FREDRIC ZERLA 
of the University of South Florida, Florida Section. 

-From MAA announcements 
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Mathematics People 

Prizes of the International 
Congress of Chinese 
Mathematicians 
A number of mathematical prizes were awarded at the 
International Congress of Chinese Mathematicians (ICCM), 
held in Taiwan in December 2001. 

Six mathematicians were awarded Morningside Medals 
of Mathematics. Gold medals went to ]UN LI, Stanford Uni
versity, for his contributions to the study of moduli spaces 
of vector bundles and to the theory of stable maps and in
variants of Calabi-Yau manifolds; and to HoRNG-TzER YAu, 
New York University, for his contributions to the field of 
mathematical physics. Silver medals were awarded to 
DAQUING WAN, University of California, Irvine, for his proof 
of Dwork's conjecture of l-functions over finite fields; 
to CHIN-LUNG WANG, National Tsing Hua University, for 
his contributions on the birational model of algebraic 
varieties with singularities; to SUUE Wu, University of Mary
land for her establishment of local well-posedness of 
the ~ater wave problems in a Sobolev class in arbitrary 
space dimensions; and to NANHUA XI, Chinese Academy of 
Sciences, for his work on solving an important conjecture 
of Lusztig. 

The Morningside Medals were established in 1998 with 
funding donated by the Morningside Group of Hong Kong. 
These awards are given to outstanding mathematicians of 
Chinese descent to encourage them in pursuit of mathe
matical research. Two gold and four silver medals are 
awarded every three years. The gold medals carry a cash 
prize of US$20,000 and the silver medals a cash prize of 
US$5,000. 

In addition to the Morningside Medals of Mathematics, 
the Morningside Lifetime Achievement Award was given 
to SHIING-SHEN CHERN for his work on developing the foun
dations of mathematics in Chinese society, his influential 
contributions to differential geometry, and his nurturing 
of leading mathematicians in and outside China. Chern re
ceived his B.S. from Nankai University in 1930, his M.S. from 
Tsing Hua University in 1934, and his Ph.D. from the Uni
versity of Hamburg in 1936. He has been a member of the 
Institute for Advanced Study at Princeton University and 
acting director of the Institute of Mathematics at Acade
mia Sinica in Nanjing. He has also taught at the University 

of Chicago and at the University of California, Berkeley. He 
was founder of the Mathematical Sciences Research 
Institute at Berkeley and served as its director from 1981 
to 1984. He was also the founder and director of the 
Nankai Institute of Mathematics in Tianjin. Chern was 
awarded the U.S. National Medal of Science in 1975 and 
the Wolf Prize in 1983. In 1985, he was elected a fellow of 
the Royal Society of London and became an honorary 
member of the London Mathematical Society in 1986. He 
was also elected to both the National Academy of Sciences 
and the National Academy of Arts and Sciences. 

The Chern Prize in Mathematics was established in 
2001 in Chern's honor, and the first recipient of the 
prize is Jm-KANG Yu of the University of Maryland. Yu was 
honored "for his important contributions to number 
theory, algebraic geometry, and representation theory," 
in particular his constructions of supercuspidal repre
sentations of p-adic groups, and his contributions to 
the theory of Bruhat-Tits buildings. In addition, the 
Chern Prize for Public Service was awarded to SoNG-SUN LIN 
of the National Chiao-Tung University, Taiwan, "for his 
distinguished contributions to the development of 
nonlinear partial differential equations and dynamical 
systems in Taiwan." The Chern awards, which carry a 
cash prize of US$2,000, will be presented every three years 
to young mathematicians of Chinese descent who have 
made distinguished contributions either to mathematics 
research or to public service activities in support of 
mathematics. 

-Chang-Shou Lin, 
National Center for Theoretical Sciences, Taiwan, 

and 
-Shing-Tung Yau, 
Harvard University 

Kreiss Wins National Academy 
of Sciences Award 
The 2002 National Academy of Sciences (NAS) Award in 
Applied Mathematics and Numerical Analysis has been 
given to HEINz-Orro KREiss of the University of California, 
Berkeley. Kreiss, who received both the Licentiate in 
mathematics and the doctor of technology degree from 
the Royal Institute of Technology, Stockholm, in 1960, 
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was chosen "for his seminal contribution to the under
standing of differential and difference equations and 
for his many outstanding contributions to numerical 
analysis, fluid dynamics, and meteorology." 

The Award in Applied Mathematics and Numerical 
Analysis carries a cash prize of $10,000 and is awarded 
approximately every three years for outstanding work in 
applied mathematics and numerical analysis. 

-From an NAS announcement 

Calegari Selected as AIM 
Five-Year Fellow 
The American Institute of Mathematics (AIM) has awarded 
the 2002 AIM Five-Year Fellowship to FRANK CALEGARl of the 
University of California, Berkeley. 

Calegari received a B.S. with honors in mathematics 
from the University of Melbourne in 1997. He will complete 
his dissertation "Aspects of semistable abelian varieties" 
in 2002 under the direction of Kenneth Ribet. Calegari's 
research interests include number theory, modular forms, 
Galois representations, group schemes, and Diophantine 
equations. His research focuses on the interplay between 
Galois representations and their deformations. 

The AIM five-year fellowships are awarded each year 
to outstanding new Ph.D. students in an area of pure 
mathematics. The fellowships cover sixty months of full
time research, as well as funds for travel and equipment. 
Each fellowship carries a stipend of $4,000 per month, with 
an additional $4;000 per year allocated for travel and 
equipment. 

-From an AIM announcement 

2002 Leibniz Prizes Awarded 
The Deutsche Forschungsgemeinschaft (DFG) has selected 
twelve recipients of the Gottfried Wilhelm Leibniz Prize for 
2002. Two of the awardees are mathematical scientists. 
WOLFGANG DAHMEN of Rheinisch-Westfalische Technische 
Hochschule (RWTH) Aachen and BRUNO EcKHARDT ofMarburg 
University will receive DM 1.5 million (approximately 
US$ 7 5 0,000) to support research over a period of five years. 

Wolfgang Dahmen, age fifty-two, studied mathematics 
and physics at RWTH Aachen, from which he received his doc
torate in 19 76. He did postdoctoral work at IBM and has held 
positions at Bielefeld University and the Free University of 
Berlin. He is currently professor of geometry and practical 
mathematics at RWTH Aachen. His research interests in
clude issues concerning online and real-time optimization 
that are important in monitoring and controlling processes 
in sensitive equipment such as chemical reactors in order 
to prevent disasters. His elaboration of the mathematical 
theory of wavelets provides the basis for these methods. 

Bruno Eckhardt, age forty-one, studied physics, math
ematics, and computer science at Kaiserslautem and Atlanta 
before completing his Ph.D. at the University of Bremen in 
1986. He has taught at the University of Oldenburg and has 
been professor of theoretical physics at Marburg University 

Mathematics People 

since 1996. Eckhardt's field of research is nonlinear 
dynamics, particularly in macroscopic systems such as 
turbulence in currents. He has developed numerical 
methods of simulating flow patterns. His research on the 
dynamics of nonlinear systems has opened up new 
avenues in the physics of fluid dynamics. 

The aim of the Leibniz Prize program, which was 
instituted by the DFG in 1985, is to improve the working 
conditions of outstanding scientists and scholars, to 
broaden their opportunities for research, to relieve them 
of administrative burdens, and to allow them to hire 
especially highly qualified young academics. The prizewin
ners are permitted the greatest possible freedom in the 
way they use the prize funds. The DFG is the main scientific 
research funding agency of the German government. 

-From a DFG announcement 

AWM Essay Contest Winners 
Announced 
The Association for Women in Mathematics (AWM) has 
announced the winners of its 2001 essay contest "Biogra
phies of Contemporary Women in Mathematics". The 
grand prize winner was ALEXANDRA McKINNEY of London
derry Middle School, Londonderry, New Hampshire, for 
her essay "Women in Mathematical Sciences: To Infinity 
and Beyond! A Biographical Essay on Dr. Toni Galvin". 
McKinney's essay will be published in the AWM Newslet
ter. The first-place winner in the graduate school category 
was SusAN D'AGOSTINO of Dartmouth College for an essay 
on Vera Pless. CHARLES MoFFIT of the United States Military 
Academy at West Point won first place in the college 
division for his essay on Tasha Inniss. The first-place 
high-school winner was SANA AHMED of Townsend Harris 
High School, Flushing, New York, who wrote on 
mathematician Misha E. Kilmer. A complete list of the 
winners, as well as copies of their essays, can be found 
on the AWM website http: I /www. awm-math. org/ 
biographies/contest/2001.html. 

-From an AWM announcement 

Correction 
The March 2002 issue of the Notices, page 337, carried an 
announcement about awards of the Humboldt Foundation. 
Because of incorrect information provided by the foun
dation, there were errors in the description of the research 
of the winner of the Sofya Kovalevskaya Prize, Matilde 
Marcolli of the Max-Planck-Institut fiir Mathematik in 
Bonn. Marcolli's research focuses on gauge theory, non
commutative geometry, and arithmetic geometry. Her 
recent work includes Floer homology, the fractional quan
tum Hall effect, the holographic AdS/ CFT correspondence, 
and noncommutative geometry of modular curves. 
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Mathematics Opportunities 

NSF Postdoctoral Research 
Fellowships 
The National Science Foundation (NSF) awards Mathematical 
Sciences Postdoctoral Research Fellowships for research in 
areas of the mathematical sciences, including applications 
to other disciplines. Awardees are permitted to choose 
research environments that will have maximal impact on 
their future scientific development. Stipends provide 
support for two nine-month academic years and six sum
mer months, for a total of twenty-four months. 

The deadline for applications is October 18, 2002. 
For more information and application instructions, see 
the NSF website at http: I jwww . fastl ane. nsf. gov/dll/ 
DllMenu. htm. 

- From an NSF announcement 

Call for VIGRE Proposals 
The Division of Mathematical Sciences (DMS) of the National 
Science Foundation has announced a new competition for 
Grants for Vertical Integration of Research and Education 
in the Mathematical Sciences, known as VIGRE grants. 

VIGRE grants are designed to allow departments in the 
mathematical sciences to carry out innovative educational 
programs in which research and education are integrated 
and in which undergraduates, graduate students, postdoc
toral fellows, and faculty are mutually supportive. The goals 
of VIGRE are: (1) to prepare undergradu ate students, 
graduate students, and postdoctoral fellows for the broad 
range of opportunities available to individuals with train
ing in the mathematical sciences; and (2) to encourage 
departments in the mathematical sciences to initiate or 
improve education activities that lend themselves to inte
gration with research, especially activities that promote 
the interaction of scholars across boundaries of academic 
age and departmental standing. 

The deadline for proposals for the new competition 
has not been announced, but it will be in late July 2002. 

At present the DMS funds about thirty VIGRE grants. The 
number of grants to be awarded in the new competition 
will be determined based on the quality of proposals re
ceived. For further information, consult the DMS website, 
http://www.nsf.gov/mps/divisions/dms/. 

-Allyn jackson 

Fulbright Lecturing/Research 
Grants 
The Fulbright Scholar Program is offering lecturing/ research 
awards in some 140 countries for the 2003-04 academic 
year. Opportunities are available for college and university 
faculty, professionals from business and government, in
dependent scholars, and others. While foreign language 
skills are needed in some countries, most Fulbright assign
ments are in English. 

Traditional Fulbright awards are available from two 
months to an academic year or longer. A new short-term 
grants program, the Fulbright Senior Specialists Program, 
offers two-to-six week grants. 

Application deadlines for the 2003-04 awards are: 
May 1, 2002, for Fulbright Distinguished Chair awards 
in Europe, Canada, and Russia; and August 1, 2002, for 
Fulbright traditional lecturing and research grants 
worldwide. The Fulbright Senior Specialists Program has 
a rolling deadline. 

For further information, contact the Council for Inter
national Exchange of Scholars (CIES), 3007 Tilden Street, 
NW, Suite 5L, Washington, DC 20008-3009; telephone 202-
686-7877; e-mail: apprequest@ci es. i i e. org; World Wide 
Web http: I /www. ci es. o rg/ . 

The Fulbright Scholar Program is sponsored by the U.S. 
Department of State, Bureau of Educational and Cultural 
Affairs. 

- From a CIES Announcement 
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NSF Internships for Public 
Science Education 
In order to promote the involvement of the research com
munity in public educational activities, the Directorate for 
Mathematical and Physical Sciences (MPS) of the National 
Science Foundation (NSF) has announced the MPS Intern
ships in Public Science Education (IPSE) program. IPSE is 
intended to bring current science research results from 
MPS disciplines to the public by promoting partnerships 
between the MPS research community and specialists in 
public science education. The IPSE activity will provide 
support for undergraduate and graduate students and 
kindergarten through twelfth-grade teachers to work in 
conjunction with MPS research scientists and with pro
fessionals at science centers and museums on projects 
in public science education. 

Proposals will be accepted from academic institutions in 
the United States and its territories, from science centers or 
museums, and from MPS-funded centers, facilities, and in
stitutes. An academic institution is defined as a college or 
university granting degrees (two- or four-year) in any of the 
MPS disciplines: astronomy, chemistry, materials research, 
mathematical sciences, and physics. Science centers or 
museums are defined to be nonprofit organizations whose 
primary mission is public science education, that is, science 
centers, museums, visitor centers, and so forth, with pro
grams or activities in one or more of the MPS disciplines. 
Proposals must show evidence of partnerships between 
academic institutions and science centers or museums. 
Proposals from MPS-funded centers, facilities, or institutes 
must show the active collaboration of both research scien
tists and educators from the organization. Partnerships 
outside the institution are encouraged. A single individual 
should be designated as principal investigator, with at 
least one individual from each participating organization 
either designated as co-PI or in some other way clearly 
involved at an equivalent level of participation. 

The deadline for applications is May 7, 2002. For more 
information, see the NSF website at http: I /www. nsf. gov I 
cgi-bin/getpub?nsf02064/. 

-From an NSF announcement 

Research Experiences 
for Undergraduates 
Each summer, the Research Experiences for Undergraduates 
(REU) program of the National Science Foundation (NSF) 
provides opportunities for undergraduate students to par
ticipate in research projects. REU "sites" are established 
in all fields of science, mathematics, and engineering. 
Each site consists of a group of about ten undergraduates 
who work in research programs of the host institution. 
Each student is assigned to a specific research project 
and works closely with faculty, postdoctoral researchers, 
and graduate students. 

Mathematics Opportunities 

Undergraduate students are encouraged to apply. A 
tentative list of sites in the mathematical sciences for 
the year 2002 is given below, together with the names 
of the site directors, who can be contacted for further 
information. 

California Polytechnic State University: Operator 
theory and combinatorics; Jonathan Shapiro, j shapiro@ 
calpoly.edu. 

California State University, San Bernardino: Combina
torics, knot theory; Joseph Chavez, j chavez@csusb. edu . 

Central Michigan University: Combinatorics, geometry, 
graph theory, and matrix analysis; Sivaram Narayan, 
sivaram.narayan@cmich.edu. 

College of William and Mary: Matrix analysis and its 
applications; David J. Lutzer, l utze r@math. wm. edu. 

Colorado School of Mines: Computer science, mathe
matics; Erik Van Vleck, byoung@mi nes. edu. 

Cornell University: Analysis on fractals, lattice tilings 
and coverings, and computational discrete geometry; 
RobertS. Strichartz, reu@math . cornell . edu. 

East Tennessee State University: Probability, combina
torics, number theory, statistics, algorithms, and geome
try; Anant P. Godbole, godbo l ea@etsu. edu. 

Hope College: Algebra, dynamical systems, probability, 
and number theory; Tim Pennings, penni ngs@hope. edu. 

Indiana University: Selected topics in pure and applied 
mathematics; Allan Edmonds, edmonds@i ndi ana. edu . 

]ames Madison University: Abstract algebra, mathe
matical modeling, statistical inference; Leonard VanWyk, 
vanwyk@math. jmu. edu. 

Lafayette College: Applied combinatorics, graph theory, 
and algebra/ geometry/ number theory; Gary Gordon, 
gordong@lafayette.edu. 

Louisiana State University, Baton Rouge: Braids, groups, 
number theory, and zeta functions; Neal W. Stoltzfus, 
stoltz@math.lsu.edu. 

Mount Holyoke College: Number theory, algebraic 
geometry, and applied analysis; Alan H. Durfee, reu@ 
mtho l yoke. edu. 

Northern Arizona University: Combinatorics, applied 
math, statistics; Terence R. Blows, Te renee. Blows@ 
nau. edu. 

Oregon State University: Analysis of algorithms, geom
etry, population dynamics, and topology; Dennis J Garity, 
reu@math.orst.edu. 

Pennsylvania State University, Erie, The Behrend College: 
Mathematical biology; Joseph Paullet, pau ll et@l ag range. 
bd. psu. edu. 

Rose-Hulman Institute of Technology: Computational 
group theory, hyperbolic geometry; S. Allen Broughton, 
allen.broughton@rose-hulman.edu. 

Southwest Texas State University: Abstract algebra; 
Susan Morey, morey@swt. edu. 

State University of New York, Potsdam: Group theory, 
graph theory, topology; Kazem Mahdavi, mahdavk@ 
potsdam. edu. 

Texas A&M University: Algebra and applied analysis; 
Ed Letzter, l etzter@math. tamu. edu. 

Trinity University: Mathematics; Scott Chapman, 
schapman@trinity.edu. 
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Mathematics Opportunities 

University of Houston: Geometry, analysis, number 
theory, and numerical analysis; Ed Dean, dean@math. 
uh. edu. 

University of Idaho: Discrete mathematics and permu
tation puzzles; Arie Bialostocki, reu@ui daho. edu. 

University of Minnesota, Duluth: Discrete mathematics, 
combinatorics, and graph theory; Joseph A. Gallian, 
jgallian@d.umn.edu. 

University of Puerto Rico, Humacao: Computational 
algebra, wavelets, fluid dynamics, Groebner bases; 
Ivelisse M. Rubio, i ve@cuhwww. upr. cl u. edu. 

University of Tennessee: Selected topics in pure 
and applied math; Suzanne Lenhart, 1 enhart@math. 
utk.edu. 

University of Washington: Inverse problems; James A. 
Morrow, morrow@math. washington. edu. 

Williams College: Geometry; Colin Adams, colin. 
adams@williams.edu. 

Worcester Polytechnic Institute: Applied/ industrial 
mathematics; Bogdan Vernescu, vernescu@wpi . edu. 

Updated information is available on the website of the 
NSF's Division of Mathematical Sciences, http: I /www. 
nsf.gov/home/crssprgm/reu/reu98dms.htm. General 
information on the REU program, as well as instructions 
for submitting proposals, is available on the NSF website, 
http://www.nsf.gov/home/crssprgm/reu/start.htm. 

-From an NSF announcement 

News from Oberwolfach 
The Mathematisches Forschungsinstitut Oberwolfach 
(MFO), located in Oberwolfach, Germany, has appointed 
as director Gert-Martin Greuel of the UniversWit Kaisers
lautern. He replaces Matthias Kreck of the Universitat 
Heidelberg, who has held the post since 1994. 

Greuel received his Ph.D. in 1973 from the Universitat 
Gi::ittingen under the direction of Egbert Brieskorn and his 
Habilitation in 1980 from the Universitat Bonn. In 1981 
Greuel was appointed as a full professor at the Universitat 
Kaiserslautern, and since 1993 he has headed the Center 
for Computer Algebra there. He has been involved in 
several research projects that received funding from the 
German government and the European Community, 
including serving as the German coordinator for the 
European Singularity Network. Greuel has organized many 
conferences in Germany, including four at Oberwolfach. 
He is also one of the developers of Singular, a computer 
algebra system for polynomial computations with special 
emphasis on the needs of commutative algebra, algebraic 
geometry, and singularity theory. His areas of research 
are singularity theory, computer algebra, algebraic geom
etry, and complex analysis. 

Greuel started as director of Oberwolfach on February 1, 
2002. For more information on the institute and its activi
ties, visit the website http: I jwww. mfo. de/. 

-MFO announcement 
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Epsilon Awards for 2002 
The AMS Epsilon Fund for Young Scholars was established 
in 1999 to provide financial assistance to summer programs 
for mathematically talented high school students in the 
United States. For many years, these programs have pro
vided mathematically talented youngsters with their first 
serious mathematical experiences. The name for the fund 
was chosen in remembrance of the late Paul Erdos, who 
was fond of calling children "epsilons". 

The AMS has chosen eight summer mathematics pro
grams to receive Epsilon grants for activities in the summer 
of 2002. The grants will support program expenses and 
student scholarships and, in some cases, scholarships 
only. The programs were chosen on the basis of mathemat
ical excellence and enthusiasm. The selection committee 
consisted of Lenore ]. Cowen, Tufts University; Alan S. 
Edelman, Massachusetts Institute of Technology; Joel 
Spencer, Courant Institute of Mathematical Sciences, New 
York University (chair); and Karen Vogtmann, Cornell 
University. Award amounts were governed by the varying 
financial needs of each program and totaled $80,000. 

The programs receiving grants are: All Girls/ All Math, 
University of Nebraska; Hampshire College Summer Studies 
in Mathematics, Amherst, Massachusetts; Mathcamp, 
Mathematics Foundation of America; Michigan Math and 
Science Scholars, University of Michigan, Ann Arbor; 
PROMYS, Boston University; Ross Mathematics Program, 
The Ohio State University; SWT Honors Summer Math 
Camp, Southwest Texas State University; and University of 
Chicago Young Scholars Program. 

The grants for summer 2002 are paid for by the AMS 
Epsilon Fund for Young Scholars (supplemented by the 
AMS Program Development Fund). The AMS is continuing 
to build the endowment for the Epsilon Fund, with a goal 
of raising $2 million through individual donations and 
grants. Once the Epsilon Fund endowment has reached 
the targeted amount, the AMS intends to award a total of 
$100,000 in Epsilon grants each year. 

Inside the AMS 

For further information about the Epsilon Fund for 
Young Scholars, visit the website http: I /www. ams. 
org/giving-to-ams/,orcontactdevelopment@ams.org, 
telephone 800-321-4267, extension 4111, or 401-455-4111. 
Information about how to apply for Epsilon grants is 
available at http: I /www. ams. org/caree rs-edu/ 
epsilon. html. A fairly comprehensive listing of summer 
programs for mathematically talented high school stu
dents (including those with and without Epsilon grants) 
is available at http://www.ams.org/careers-edu/ 
math camps. html. 

-Allyn Jackson 

Deaths of AMS Members 
HERBERT M. BARUCH ]R., of Pacific Palisades, CA, died on 
May 10, 2001. He was a member of the Society for 25 
years. 

MuRRAY BELL, University of Manitoba, Canada, died on 
December 9, 2001. He was a member of the Society for 26 
years. 

CLAIR ]. BLACKALL, of North Baltimore, OH, died on 
August 19, 2001. Born on December 9, 1909, he was a 
member of the Society for 60 years. 

BERNARD GREENSPAN, of Laguna Hills, CA, died on 
December 20, 2001. He was a member of the Society for 
60 years. 

EvAN INNES, of Cambridge, England, died on 
December 9, 2001. Born on September 11, 1921, he was a 
member of the Society for 7 years. 

M. MIKOLAS, Technical University of Budapest, died on 
February 2, 2001. Born on April 5, 1923, he was a mem
ber of the Society for 29 years. 

JosE MANuEL MENENDEZ SouTo, of Asturias, Spain, died on 
December 29, 2001. He was a member of the Society for 
27 years. 

WoLFGANG ]. THRON, professor emeritus, University of 
Colorado, Boulder, died on August 21, 2001. Born in 
August 1918, he was a member of the Society for 60 years. 
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Reference and Book List 

The Reference section of the Notices 
is intended to provide the reader with 
frequently sought information in 
an easily accessible manner. New 
information is printed as it becomes 
available and is referenced after the 
first printing. As soon as information 
is updated or otherwise changed, it 
will be noted in this section. 

Contacting the Notices 

The preferred method for contacting 
the Notices is electronic mail. The 
editor is the person to whom to send 
articles and letters for consideration. 
Articles include feature articles, 
memorial articles, communications, 
opinion pieces, and book reviews. The 
editor is also the person to whom to 
send news of unusual interest about 
other people's mathematics research. 

The managing editor is the person 
to whom to send items for "Mathe
matics People", "Mathematics Oppor
tunities", "For Your Information", 
"Reference and Book List", and "Math
ematics Calendar". Requests for 
permissions, as well as all other 
inquiries, go to the managing editor. 

The electronic-mail addresses are 
noti ces@math. tamu. edu in the case 
of the editor and noti ces@ams. org 
in the case of the managing editor. 
The fax numbers are 979-845-6028 
for the editor and 401-331-3842 for 
the managing editor. Postal addresses 
may be found in the masthead. 
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Upcoming Deadlines 
April 12, 2002: Applications for 
Project NExT. See http: I /archives. 
math.utk.edu/projnext/. 

April 15, 2002: Applications for 
National Research Council Research 
Associateship Program. See http: I I 
www4.nationalacademies.org/ 
pga/rap. nsf I or contact the National 
Research Council, Associateship Pro
grams (TJ 2114), 2101 Constitution 
Avenue, NW, Washington, DC 20418; 
telephone 202-334-2760; fax 202-334-
2759; e-mail: rap@nas. edu. 

April 15, 2002: Proposals for 
COBASE collaborative grants. For 
application forms and instructions, 
seehttp: //www.nationalacademies. 
org/ oi a/. For more information, 
telephone 202-334-2644, send a fax to 
202-334-2614, or e-mail: ocee@ 
nas. edu. 

April 30, 2002: Nominations for 
the Maria Mitchell Women in Science 
Award. See http: I / www. mmo. org/, 
or contact the Maria Mitchell Women 
in Science Award Committee at the 
Maria Mitchell Association, 2 Vestal 

Where to Find It 
A brief index to information that appears in this and previous issues of the 
Notices. 
AMS Bylaws- November 2001, p. 1205 
AMS E-mail Addresses- November 2001, p. 1195 

AMS Officers 2000 and 2001 (Council, Executive Committee, 
Publications Committees, Board of Trustees)- May 2001, p. 520 

AMS Officers and Committee Members-October 2001, p. 1032 

Backlog of Mathematics Research journals-December 2001, p. 1355, 
january 2002, p. 46 
Conference Board of the Mathematical Sciences-September 2001, p. 843 

Information for Notices Authors- January 2002, p. 47 
Mathematics Research Institutes Contact Information- August 2001, 
p. 731 
National Science Board- February 2002, p. 237 

New journals for 2000- ]une/ ]uly 2001, p. 612 
NRC Board on Mathematical Sciences and Staff- April 2002, p. 492 

NRC Mathematical Sciences Education Board and Staff- May 2002, p. 583 

NSF Mathematical and Physical Sciences Advisory Committee-March 
2002,p. 345 
Program Officers for Federal Funding Agencies-October 2001, p. 1009 
(DoD, DoE); November 2001, p. 1198 (NSF) 
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Street, Nantucket, MA 02 5 54; tele
phone 508-228-9198. 

May 1, 2002: Applications for 
Career Awards for Research Address
ing Biological Questions. See 
http:llwww.bwfund.orgl 
interfaces_in_science_career_ 
awards. htm. 

May 1, 2002: Nominations for 
Lobachevskii Medal. See http: I I 
www.ksu.rullobmedl. 

May 1, October 1, 2002: Applica
tions for NSF I A WM Travel Grants for 
Women. See http: I lwww. awm
math. orgltravel grants. html; tele
phone 301-405-7892; e-mail: 
awm@math. umd. edu. 

May 7, 2002: Applications for NSF 
Internships for Public Science Educa
tion. See "Mathematics Opportuni
ties" in this issue. 

May 15, 2002: Applications for fall 
semester of Math in Moscow and for 
AMS scholarships. See http: I lwww. 
mccme. rulmathi nmoscowl or con
tact Math in Moscow, P.O. Box 524, 
Wynnewood, PA 19096; fax +7095-
291-65-01; e-mail: mi m@mccme. ru . For 
information about and application 
forms for the AMS scholarships, see 
http:llwww.ams.orglcareers
edulmi moscow. html or contact Math 
in Moscow Program, Professional 
Services Department, American 
Mathematical Society, 201 Charles 
Street, Providence RI 02904; e-mail: 
prof-serv@ams.org. 

July 15, 2002: Applications for 
the AAAS Women's International 
Science Collaboration Program 
(WISC). See http: I lwww. aaas. 
orglinternationallwiscnew.shtml, 
or contact WISC Travel Grant, Amer
ican Association for the Advancement 
of Science, Directorate for Interna
tional Programs, 1200 New York 
Avenue, NW,Washington, D.C., 20005. 

August 15, 2002: Applications for 
National Research Council Research 
Associateship Program. See http: I I 
www4.nationalacademies.orgl 
pgalrap. nsf I or contact the National 
Research Council, Associateship Pro
grams (TJ 2114), 2101 Constitution 
Avenue, NW, Washington, DC 20418; 
telephone 202-334-2760; fax 202-334-
2759; e-mail: rap@nas. edu. 

October 15, 2002: Applications for 
fall semester of Math in Moscow and 
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for AMS scholarships. See http: I I 
www.mccme.rulmathinmoscowl or 
contact Math in Moscow, P.O. Box 524, 
Wynnewood, PA 19096; fax +7095-
291-65-01; e-mail: mi m@mccme. ru. For 
information about and application 
forms for the AMS scholarships, see 
http:llwww.ams.orglcareers
edulmi moscow. html or contact 
Math in Moscow Program, Profes
sional Services Department, Ameri
can Mathematical Society, 201 Charles 
Street, Providence RI 02904; e-mail: 
prof-serv@ams.org. 

October 18, 2002: Applications for 
NSF Postdoctoral Research Fellow
ships. See "Mathematics Opportuni
ties" in this issue. 

Mathematical Sciences 
Education Board, National 
Research Council 

judy Ackerman, Montgomery 
College 

Deborah Loewenberg Ball, 
University of Michigan 

]ere Confrey (vice chair), University 
of Texas, Austin 

]an de Lange, Freudenthal Institute, 
The Netherlands 

Keith Devlin, Stanford University 
Louis Gomez, Northwestern 

University 
Doug Grouws, University of Iowa 
Arthur Jaffe, Harvard University 
Dan Kennedy, The Baylor School, 

Chattanooga, TN 
Joan Leitzel (chair), University 

of New Hampshire 
jim Lewis, University of Nebraska, 

Lincoln 
Karen Long hart, Flathead High 

School 
George McShan, National School 

Boards Association 
Thomas Moore, Grinnell College 
judith Mumme, WestEd 
Casilda Pardo, Valle Vista 

Elementary School 
Sue Parsons, Cerritos College 
Deborah Paulson, Hornedo Middle 

School, El Paso, TX 
Marge Petit, National Center for 

the Improvement of Educational 
Assessment 

Donald Saari, University of 
California, Irvine 

Anthony Scott, Chicago Public 
Schools 
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Reference and Book list 

William Steenken, GE Aircraft 
Engines 

Francis Sullivan, Center for 
Computing Sciences 

Hung Hsi Wu, University of 
California, Berkeley 

MSEBStaff 

Carole Lacampagne, Director 

The contact information for the 
Board is: Mathematical Sciences 
Education Board, National Research 
Council, 2101 Constitution Avenue, 
NW (HA 450), Washington, DC 20418; 
telephone 202-334-3294; fax 202-
334-1453; e-mail: mseb@nas. edu; 
World Wide Web http: I lwww7. 
nationalacademies.orglmsebl 
index. html. 

U.S. Delegation to ICM-2002 

The United States will sponsor a dele
gation to the International Congress 
of Mathematicians, to be held in 
Beijing, August 20-28, 2002. The del
egates were appointed by the U.S. 
National Committee for Mathematics, 
the United States' adhering organiza
tion to the International Mathematical 
Union. The names and affiliations of 
the delegates are listed below. 

Salah Baouendi 
University of California, 
San Diego 

jennifer Chayes 
Microsoft Research 

David Eisenbud 
Mathematical Sciences Research 
Institute 

Donald Saari 
University of California, Irvine 

Yum-Tong Siu 
Harvard University 

Book list 
The Book List highlights books that 
have mathematical themes and hold 
appeal for a wide audience, including 
mathematicians, students, and a sig
nificant portion of the general public. 
When a book has been reviewed in the 
Notices, a reference is given to the 
review. Generally the list will contain 
only books published within the last 
two years, though exceptions may be 
made in cases where current events 
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Reference and Book List 

(e.g., the death of a prominent math
ematician, coverage of a certain piece 
of mathematics in the news) warrant 
drawing readers' attention to older 
books. Suggestions for books to include 
on the list may be sent to the manag
ing editor, e-mail: noti ces@ams. o rg. 

The Bit and the Pendulum: How the 
New Physics of Information Is Revo
lutionizing Science, by Tom Siegfried. 
John Wiley & Sons, February 2000. 
ISBN 0-47132-174-5. 

The Book of Nothing: Vacuums, 
Voids, and the Latest Ideas about the 
Origins of the Universe, by John D. 
Barrow. Pantheon Books, April 2001. 
ISBN 0-375-42099-1. 

Calculated Bets: Computers, Gam
bling, and Mathematical Modeling to 
Win, by Steven S. Skiena. Cambridge 
University Press, September 2001. 
ISBN 0-521-00962-6. 

Chaotic Elections! A Mathematician 
Looks at Voting, by Donald G. Saari. 
AMS, April2001. ISBN 0-8218-2847-9. 

The Colossal Book of Mathematics: 
Classic Puzzles, Paradoxes, and 
Problems, by Martin Gardner. W.W. 
Norton & Company, August 2001. 
ISBN 0-393-02023-1. 

Computers Ltd.: What They Really 
Can't Do, by David Harel. Oxford Uni
versity Press, November 2000. ISBN 0-
198-505 5 5-8. 

A Concise History of Mathematics, 
by Dirk]. Struik. Dover Publications, 
1987. ISBN 0-486-60255-9. (Reviewed 
June/July 2001.) 

Conned Again, Watson! Cautionary 
Tales of Logic, Math, and Probability, 
by Colin Bruce. Perseus Publishing, 
January 2001. ISBN 0-7382-0345-9. 

Conquering Statistics: Numbers 
without the Crunch, by Jefferson Hane 
Weaver. Perseus Publishing, paper
back edition, August 2001. ISBN 0-
732-820495-1. 

Conversations with a Mathemati
cian: Math, Art, Science, and the Limits 
of Reason, by Gregory J. Chaitin. 
Springer, November 2001. ISBN 1-
85233-549-1. 

Creators of Mathematics: The Irish 
Connection, by Ken Houston. Univer
sity College Dublin Press, September 
2000. ISBN 1-900-62149-5. 

Damned Lies and Statistics: Untan
gling Numbers from the Media, 
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Politicians, and Activists, by Joel Best. 
University of California Press, May 
2001. ISBN 0-520-21978-3. 

1' Does God Play Dice?: The New 
Mathematics of Chaos, by Ian Stewart. 
Blackwell, revised second edition, Jan
uary 2002. ISBN 0-631-23251-6. 

The Difference Engine: Charles 
Babbage and the Quest to Build the 
First Computer, by Doron Swade. 
Viking Press, September 2001. ISBN 0-
670-91020-1. 

The Dream Machine: j. C. R. Lick
lider and the Revolution That Made 
Computing Personal, by M. Mitchell 
Waldrop. Viking Press, 2001. ISBN 0-
670-89976-3. 

The Essential john Nash, Harold 
Kuhn and Sylvia Nasar, editors. 
Princeton University Press, December 
2001. ISBN 0-691-09527-2. 

Euclid's Window: The Story of 
Geometry from Parallel Lines to 
Hyperspace, by Leonard Mlodinow. 
Free Press, April 2001. ISBN 0-684-
86523-8. (Reviewed in this issue.) 

Exploring Randomness, by Gregory 
]. Chaitin. Springer, December 2000. 
ISBN 1-852-33-417-7. (Reviewed Octo
ber 2001.) 

Flatterland: Like Flatland, Only 
More So, by Ian Stewart. Perseus 
Publishing, May 2001. ISBN 0-7382-
0442-0. (Reviewed April 2002.) 

Fooled by Randomness: The Hid
den Role of Chance in the Markets and 
Life, by Nassim Nicholas Taleb. Texere, 
October 2001. ISBN 1-587-99071-7. 

The Fractal Murders, by Mark 
Cohen. E-book published by South
ern Cross Review, 2001. World Wide 
Web: www. southerncross review. 
org/. 

Fragments of Infinity: A Kaleido
scope of Math and Art, by Ivars Peter
son. John Wiley & Sons, October 2001. 
ISBN 0-471-16558-1. 

1' A Gardner's Workout: Training 
the Mind and Entertaining the Spirit, 
by Martin Gardner. A K Peters, June 
2001. ISBN 1-56881-120-9. 

Geometry: Our Cultural History, 
by AudunHolme. Springer, to appear 
March 2002. ISBN 3-540-41949-7. 

Gddel: A Life of Logic, by John L. 
Casti and Werner DePauli. Perseus 
Publishing, August 2000. ISBN 0-7382-
0274-6. (Reviewed September 2001.) 
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The Hilbert Challenge, by Jeremy]. 
Gray. Oxford University Press, Decem
ber 2000. ISBN 0-198-50651-1. 

The Hole in the Universe: How Sci
entists Peered over the Edge of 
Emptiness and Found Everything, by 
K. C. Cole. Harcourt Brace, January 
2001. ISBN 0-151-00398-X. 

How the Other Half Thinks: Adven
tures in Mathematical Reasoning, by 
Sherman Stein. McGraw-Hill, July 2001. 
ISBN 0-071-37339-X. 

How to Solve It: Modern Heuristics, 
by Zbigniew Michalewicz and David B. 
Fogel. Springer, December 1999. ISBN 
3-540-66061-5. 

In Code: A Mathematical journey, 
by Sarah Flannery and David Flan
nery. Workman Publishing, May 2001. 
ISBN 0-761-12384-9. 

1' The Lady Tasting Tea: How Sta
tistics Revolutionized Science in the 
Twentieth Century, by David Salsburg. 
W H Freeman & Co, April2001. ISBN 
0-716-74106-7. 

Lebesgue's Theory of Integration: 
Its Origins and Development, by 
Thomas Hawkins. AMS, September 
2001. ISBN 0-8218-2963-7. 

Logical Dilemmas: The Life and 
Work of Kurt Gddel, by John Dawson. 
A K Peters, December 1997. ISBN 
1-56881-025-3. (Reviewed September 
2001.) 

Mathematical Mountaintops: The 
Five Most Famous Problems of All 
Time, by John Casti. Oxford Univer
sity Press, October 2001. ISBN 0-195-
14171-7. 

The Mathematician Sophus Lie: It 
Was the Audacity of My Thinking, by 
Arild Stubhaug. Springer, 2002. ISBN 
3-540-4213 7-8. 

Mathematics and the Roots of Post
modern Thought, by Vladimir Tasic. 
Oxford University Press, 2001. ISBN 
0-195-13967-4. 

Mathematics Galore: Masterclasses, 
Workshops, and Team Projects in 
Mathematics and Its Applications, by 
C. ]. Budd and C. ]. Sangwin. Oxford 
University Press, June 2001. ISBN 
0-198-50769-0 (hardcover), 0-198-
50770-4 (paperback). 

The Measure of the World, by Denis 
Guedj. University of Chicago Press, 
October 2001. ISBN 0-226-31030-2. 

A New Kind of Science, by Stephen 
Wolfram. Wolfram Media, Inc., (to 
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appear March 2002). ISBN 1-579-
55008-8. 

Newton's Tyranny: The Suppressed 
Scientific Discoveries of john Flam
steed and Stephen Gray, by David H. 
Clark and Stephen P. H. Clark. W. H. 
Freeman, October 2000. ISBN 0-716-
74215-2. 

Number: From Ahmes to Cantor, by 
Midhat Gazale. Princeton University 
Press, March 2000. ISBN 0-691-
00515-X. (Reviewed August 2001.) 

Proofs from THE BOOK, by 
M. Aigner and G. M. Ziegler. Revised 
and expanded second edition, 
Springer, January 2001. ISBN 3-540-
67865-4. (First edition reviewed 
August 1999.) 

1' Puzzlers ' Tribute: A Feast for the 
Mind, Tom Rodgers, David Wolfe, Edi
tors. A K Peters, December 2001. 
ISBN 1-56881-121-7. 

The Quest for the Quantum Com
puter, by Julian Brown. Touchstone 
Books, August 2001. ISBN 0-684-
87004-5. 

Radical Equations: Math Literacy 
and Civil Rights, by Robert P. Moses 
and Charles E. Cobb Jr. Beacon Press, 
February 2001. ISBN 0-807-03126-7. 
(Reviewed March 2002 .) 

The Riddle of the Compass, by Amir 
Aczel. Harcourt Brace, August 2001. 
ISBN 0-151 -00506-0. 

Sacred Geometry, by Miranda Lundy. 
Walker & Company, April 2001. ISBN 
0-802-71382-3. 

The Science of Conjecture: Evidence 
and Probability before Pascal, by James 
Franklin. Johns Hopkins University 
Press, June 2001. ISBN 0-8018-6569-7. 

The Search for Mathematical Roots, 
18 70-1940: Logics, Set Theories, and 
the Foundations of Mathematics from 
Cantor through Russell to G6del, by 
I. Grattan-Guinness. Princeton Uni
versity Press, February 2001. ISBN 
0-691-0587-1. 

Signs of Life: How Complexity Per
vades Biology, by Richard Sole and 
Brian Goodwin. Basic Books, January 
2001. ISBN 0-465-01927-7. 

Statisticians of the Centuries, 
edited by C. C. Heyde and E. Seneta. 
Springer, September 2001. ISBN 0-
387-953283-7. 

The Story of Mathematics, by 
Richard Mankiewicz. Princeton 
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University Press, February 2001. ISBN 
0-691-08808-X. (Reviewed April2002.) 

Things a Computer Scientist Rarely 
Talks About, by Donald Knuth. Cen
ter for the Study of Language and 
Information, July 2001. ISBN 1-57586-
327-8. 

Thinks, by David Lodge. Viking 
Press, May 2001. ISBN 0-670-89984-4. 

Triangle of Thoughts, by Alain 
Connes, Andre Lichnerowicz, and 
Marcel Paul Schiitzenberger. AMS, July 
2001. ISBN 0-8218-2614-X. (Reviewed 
March 2002 .) 

Turing and the Universal Machine: 
The Making of the Modern Computer, 
by Jon Agar. June 2001, Totem Books. 
ISBN 1-840-46250-7. 

Understanding Mathematics for 
Aircraft Navigation, by James S. 
Wolper. McGraw-Hill, May 2001. ISBN 
0-07-137572-4. 

;, The Unfinished Revolution: 
Human -Centered Computers and 
What They Can Do for Us, by Michael 
L. Dertouzos. Harperbusiness, Janu
ary 2001. ISBN 0-066-62067-8. 

The Universal History of Comput
ing: From the Abacus to the Quantum 
Computer, by Georges Ifrah; trans
lated from the French and with notes 
by E. F. Harding, assisted by Sophie 
Wood, Ian Monk, Elizabeth Clegg, 
and Guido Waldman. John Wiley 
& Sons, November 2000. ISBN 0-471-
39671-0. (Reviewed in two parts, Jan
uary 2002 and February 2002 .) 

The Universal History of Numbers: 
From Prehistory to the Invention of 
the Computer, by Georges Ifrah; trans
lated from the French by David Bellos, 
E. F. Harding, Sophie Wood, and Ian 
Monk. John Wiley & Sons, December 
1999. ISBN 0-4 71-3 7568-3 . (Reviewed 
in two parts, January 2002 and Feb
ruary 2002.) 

The Universe in a Nutshell, by 
Stephen Hawking. Bantam Doubleday 
Dell, November 2001. ISBN 0-553 -
80202-X. (Reviewed in this issue.) 

The Unknowable, by Gregory J. 
Chaitin. Springer, August 1999. ISBN 
9-814-02172-5 . (Reviewed October 
2001.) 

What Is Mathematics? An Elemen
tary Approach to Ideas and Methods, 
by Richard Courant and Herbert 
Robbins; second edition, revised by 
Ian Stewart. Oxford University Press, 

NOTICES OF THE AMS 

Reference and Book List 

August 1996. ISBN 0-195-10519-2. 
(Reviewed December 2001.) 

What Shape is a Snowflake?, by Ian 
Stewart. W. H. Freeman & Co, Novem
ber 2001. ISBN 0-716-74794-4. 

Where Mathematics Comes From: 
How the Embodied Mind Brings 
Mathematics into Being, by George 
Lakoff and Rafael Nunez . Basic 
Books, October 2000. ISBN 0-465-
03 770-4. (Reviewed November 2001.) 

Women Becoming Mathematicians: 
Creating a Professional Identity in 
Post-World War II America, by Mar
garet A. M. Murray. MIT Press, 
September 2000. ISBN 0-262-13369-5. 
(Reviewed August 2001.) 

The Zen of Magic Squares, Circles, 
and Stars: An Exhibition of Surprising 
Structures across Dimensions, by 
Clifford A. Pickover. Princeton 
University Press, January 2001. ISBN 
0-691-07041 -5. 

'"Added to "Book List" since the list's last 
appearance. 
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American Mathematical 
Society Contributions 

Dear Friends and Colleagues, 

During 2001 you provided support to our society, and much of that support was directed at 
the future of our profession-the young mathematicians. I thank each of you for your generous sup
port of these talented students. 

Last year we carried out the Young Scholars program using resources from our Program Devel
opment Fund and our Epsilon Fund (an endowment fund). The Young Scholars program supports 
summer high school workshops aimed at our most talented students to help them understand 
the elegance, power, and beauty of mathematics. In 2002, we are continuing to provide grants to 
students using these funds. The Centennial Fellowship program also plays a major role for young 
mathematicians in the formative stages of their careers, from three to twelve years beyond their 
degree. In 2001, we awarded three new Centennial Fellowships to outstanding young mathemati
cians through a program funded entirely by contributions from the community, matched by the 
Society. Of course, we continue to use General Fund contributions for the support of many other 
projects-expanding employment services, public awareness, outreach in Washington, and our 
extensive publications program. 

Without your contributions, it would not be possible for the Society to establish and maintain such 
programs. Again, thank you for your support. 

john H. Ewing 
Executive Director 

Thomas S. Fiske Society 

The Executive Committee and Board of Trustees have established the Thomas S. Fiske Society to honor those who 
have made provisions for the AMS in their estate plans. For further information contact the Development Office at 800-
321-4AMS, or devel opment@ams. org. 

Roy L. Adler 
Kathleen Baxter 
Shirley and Gerald Bergum 
Shirley Cashwell 
Carl Faith 

lsidor Fleischer 
Ramesh Gangolli 
Rosalind Guaraldo 
Jeffrey Joel 

Annual Gifts to the AMS 

Yanguang Li 
JosephS. Mamelak 
Ralph Mansfield 
Trevor McGinn 

Cathleen S. Morawetz 
Moshe Rosenfeld 
B.A. Taylor 
Steven H. Weintraub 

The officers and staff of the Society acknowledge with gratitude the following donors whose contributions were re
ceived during the 2001 calendar year. Last year, in the September issue of Notices, we reported contributions received 
during the period April1, 2000, to March 31, 2001. We have changed the reporting period to a calendar year, and will 
continue to report on that basis in the future . This change will result in the reporting of contributions for the first three 
months of 2001 in both last year's report and this year's report. 

,., The names of donors who have given for three years consecutively are marked with an asterisk. Donors whose 
contributions total $1,000 or more annually are recognized with their names affixed to a plaque in the lobby of the 
Society's headquarters in Providence. 
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AMS Contributions 

Gifts in Memory and Gifts in Honor 
The American Mathematical Society welcomes gifts made in memory or honor of members of the mathematical com

munity or others. Unless directed toward a special fund or program, such gifts are used to support the general mission 
of the Society. 

Donors of Memorial and In Honor Gifts, and those remembered, are listed in Notices of the American Mathematical 
Society and thus become part of the permanent archive of the Society. 

Memorials 
Gifts in memory of the following individuals were received during 2001 : 

Maurice Auslander and Louis Auslander 
Franklin Tepper Haimo 
Adolf Lindenbaum 
Victor Linis 
Harry & Ida Reade 
Robert F. Riley 
Janice Roe 
Helga Schirmer 
William & Edith Schwartz 
Dirk]. Struik 

AMS Epsilon Fund 

PRESIDENT'S PATRONS 
ASSOCIATES (Gifts of $100 and above) 

(Gifts of $5,000 and above) * Kenneth I. Appel 

Thomas R. Savage 
* Walter 0. Augenstein 
,, Bernice L. Auslander-In 

Memory of Maurice Auslan-
ASSOCIATES der and Louis Auslander 

(Gifts of $1,000 and above) • David S. Berry 

* Richard D. Anderson 
Terrence Paul Bisson-In 

" Richard A. Askey 
Honor of Arnold Ross & The 

* Felix E. Browder 
Ohio State University High 

William Craig 
School Program 
Malcolm K. Brachman 

* John H. Ewing * Robert L. Bryant 
1' Roger E. Howe * Jagdish Chandra 
'~ Marc A. Le Brun * Daniell. A. Cohen 
* Harry Lucas Jr. * Richard M. Cohn 

Mathematical Technologies Lenore ]. Cowen 
Inc. • Michael G. Crandall 

Anonymous (2) " Stephen H. Crandall 
* Paul L. Davis 

SPONSORS '' Guy M. De Primo 
" Robert L. Devaney 

(Gifts of $500 and above) * Peter L. Duren 
A&] Brodkey Philanthropic Lincoln K. Durst 
Fund * Aurino Ribeiro Filho 
Edward D. Baker '' Gerald B. Folland 
Nathaniel Chafee Laurie Francis-Wright 

* William L. Duren Jr. Timothy Francis-Wright 

Ronald L. Graham Freed Family Foundation 

* George F. Haddix * Richard L. Gantos 

William R. Hearst III Pedro J. Geraldo 

* james H. Justice * Stephen P. Gill 

'' Robert V. Kahn Andrew M. Gleason 

,, William james Lewis * David Harbater 
'' Shirley A. Hill 

'~ Morris Newman 
'' Lloyd K. jackson 

,, Samuel Murray Ranlcin III 
* C. H.]. johnson 

Abdulalim A. Shabazz * Yoshinobu Karnishima 
Abdulalim A. Shabazz- In James and Jane Kister 
Memory of Dirk j. Struik Maria Margaret Kiawe 

'' joel H. Spencer * Walter R. Lawson 
Susan Schwartz Wildstrom- * George F. Leger 
In Memory of William & * Robert E. Lehmann 
Edith Schwartz * Cecil E. Leith Jr. 

Anonymous (1) * Joan R. Leitzel 

MAY 2002 

Clayton ]. Thomas 
Lady Mary Warner 
Taro Yoshizawa 

Gifts in Honor of 
Gifts in honor of the following individuals were received during 2001: 

Arnold Ross & The Ohio State University High School Program 
Michael Spivak 
H. F. Bohnem Blust 
Bernard Russo 

* Laszlo Lempert * Ellen Westheimer 
* D.]. Lewis Sally Whiteman 
* L. Gaunce Lewis Jr. Peter John Wolfenden 
* Elliott H. Ueb • Scott A. Wolpert 
• Nicholas ]. Lord Anonymous (17) 
" Russell D. Lyons 

Tetu Makino FRIENDS 
" JosephS. Mamelak 
• Eugene A. Margerum (Gifts of $25 and above) 

• Thomas]. Marlowe Jr. * Jean M. Abadie 

Wallace S. Martindale III William Abikoff 

'' David B. Massey * Clarence M. Ablow 

* Stephen B. Maurer * Dan Abramovich 

* Donald E. McClure * William P. Abrams 

* George Daniel Mostow Norbert A'Campo 

* Jacques Neveu * Robert D. M. Accola 

* 0 . Timothy O'Meara * William W. Adams 

• Robert Osserman * lain T. A. C. Adamson 

* Thane Earl Plambeck • Irving Adler 

* Maxwell 0. Reade • Jeffrey D. Adler 

* MaxwellO.Reade-lnMemory • Roy L. Adler 

of Harry & Ida Reade • Alan C. Adolphson 

Eleanor G. Rieffel * Alfred Aeppli 

• Marc A. Rieffel * T. Aikou 

Hugo Rossi * Michael!. Aissen 

* Zalman Rubinstein * Martin K. Albert 
* Jeffrey R. Sachs * Michael 0 . Albertson 
• William Salkilld * Alain Vincent AJbugues 

* M. H. Sampson James C. Alexander 
Henry M. Schaerf Roger K. Alexander 

* Alejandro R. Scopelli * Stephanie B. Alexander 
Francesco Serra Cassano • Gerald L. AJexanderson 

* Norman E. Sexauer A.nne H. Allen 
* Richard P. Stanley * Arnold 0. Allen 
* Robert L. Stanley ]. Thomas Allen III 
* john Q. St. Clair * John P. van Alstyne 
* Nicholas F. Taussig * Douglas R. Anderson 
• B. A. Taylor '' Marlow E. Anderson 
* B.A.andM. LynnTaylor • Michael T. Anderson 
• Hing Tong and Mary P. Tong * Peter P. Andre 

Foundation " George E. Andrews 
" David A. Vogan Jr. • Michael Anshel 

Karen Vogtmann * Peter H. Anspach 
* Frank W. Warner Ill * Stuart S. Antman 
* Steven H. Weintraub Susumu Ariki 
* James G. Wendel John V. Armitage 

NOTICES OF THE AMS 

Thomas E. Armstrong 
* Jonathan W. Aronson 

]. Marshall Ash 
* Catherine C. Aust 
'' Roger A. A velsgaard 
* Sheldon Axler 

Alphonse H. Baartmans 
* Albert E. Babbitt Jr. 
" George Bachman 

Richard ]. Bagby 
• Kirby A. Baker 
* john T. Bald'A1n 
* joseph A. Ball 

Keith Ball 
* Richard Neal Ball 

john W. Ballard 
* William R. Ballard 
* Paul j. Bankston 
,, Eiichi Bannai 

Nikola Baricevic 
'' Philip R. Bartick 
* Alexander Barvinok 
'' Hyman Bass 
'' Felice D. Bateman 
'' Paul T. Bateman 

Margaret M. Bayer 
* Enrique Bayo 

jack Bazer 
• R. Michael Beals 
* Homer F. Bechtel! 
* Edward Beckenstein 

Frank S. Beckman 
• William H. Beckmann 

Barbara j. Beechier 
* John A. Beekman 
* Robert Beig 
* Wolfgang Bell 

Mikhail V. Belyi 
Katalin A. Bencsath 

* Julius S. Bendat 
Douglas Charles Bender 

* John Bender 
,, Georgia Benkart 

• George Benke 
Dave Benson 
Carlos A. Berenstein 
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AMS Contributions 

* Gary D. Berg * Robert C. Carlson James R. Dorroh • Joseph M. Gani Juris Hartmanis 
Alan E. Berger * Amos joel Carpenter * Alberto M. Dou Shubong Gao * Bill Hassinger Jr. 

* George M. Bergman * David W. Carter * Martin ]. Dowd Stephen J. Garland * George E. Hay 
" Gerald E. Bergum Paolo Casati * ]. Scott Downing * Charles Ray Garner Jr. * David R. Hayes 

Leonard D. Berkovitz Robert G. Cawley • Alex]. Dragt * John E. Gassner * Melvin L. Heard 
• Elwyn R. Berlekamp * ]. Orestes Cerdeira • Ronald Lewis Drake • Walter Gautschi • David A. Hecker 

joseph Bernstein * Gulbank D. Chakerian • Alexander N. Dranishnikov * jerry Gechter * Maurice H. Heins 
* Geoffrey C. Berresford Charles Clifton Chancey • Gerald C. Drew * Sruart Alan Geman • Simon Hellerstein 

George Berzsenyi Weita Chang * Arthur A. Drisko • Jean Raymond Genet '' Henry Helson 
* Edwin F. Beschler * Paul Jackson Channell '' Robert L. Druet Hillel H. Gershenson Robert J. Hemstead 

Edward James Bevan • Ruth M. Charney * Daniel C. Duan * Murray Gerstenhaber '' judson Hendelman 
* Meempat Bhaskaran Pak Soong Chee * Roy Dubisch * Joseph L. Gerver * Francis McVey Henderson 

Marilyn S. Bickel • Nikolai I. Chernov • Cecil E. Duncan • Ira M. Gessel • Leon A. Henkin 
Michel ]. Bineau • Jayanthi Chidambaraswamy • Loyal Durand Daniel joseph Ghezzi • Melvin Henriksen 

* John J. Bircher David R. ]. Chillingworth-In John W. Duskin Jr. * Daniel M. Giaimo Ralph Henstock 
John R. Bivona Memory of Robert F. Riley * Clifford ]. Earle Tepper L. Gill * jesUs Hernandez 

* Peter B. Bjorklund * J al R. Choksi • Timothy R. Eaton * David S. Gillman • James B. Herreshoff 
* Denis L. Blackmore • Ronald w. Church * Dorothea M. Eberz-Wagner * Maurice E. Gilmore • john 0. Herzog 
* William D. Blair • Ilichard C. Churchill • Ernest J. Eckert • Anthony A. Gioia '' Gerald A. Heuer 
* John D. Blanton Kai Cieliebak * Allan L. Edmonds Andrew Michael Girard '' Gloria C. Hewitt 

Steven E. Blasberg • Sruart Citrin * H. P. Edmundson * Samuel Gitler '' Robert L. Hicks 
Michael N. Bleicher * Robert A. Clark • james Eells * Earl C. Gladue * Troy L. Hicks 

* Frederik Van Der Blij Yeaton H. Clifton • Paul]. Eenigenburg • Sarah Glaz • john R. Higgins 
* Ethan D. Bloch * Ed Cline * William I. Eggers Ruben J. Glueck '' Philip J. Higgins 
* Antonia W. Bluher * Philip A. Cobb David L. 0. Ehren * Ilichard P. Goblirsch * Stephen R. Hilbert 
• S. Elwood Bohn • John C. Cock * Edwin G. Eigel Jr. • Samuel Goldberg • Hugh M. Hilden 
* Francis Bonahon • Terence Coffee • Klaus E. Eldridge " Seth I. Goldberg E. Stamford Hill II 
• Jose Bonet • John Coffey • Sigurd Elkjaer • William Mark Goldman Abraham P. Hillman 

William M. Boothby • James Wesley Cogdell * Harald E. Ellers • Herman H. Goldstine * Peter]. Hilton 
Robert L. Borrelli * Amy Cohen * Joanne Elliott • Martin Golubitsky Neil B. Hindman 

• Leonard John Borucki * Frederick R. Cohen * Jessie Ann Engle • Kenneth R. Goodearl * John]. Hirschfelder 
* Rupert D. Boswell Jr. * Michael P. Cohen • Hans P. Engler * Roe W. Goodman * Peter David Hislop 
* Truman A. Botts • George Cole Philip G. Engstrom * Mangalam R. Gopal * Melvin Hochster 
* Alexei V. Bourd * Paul Dana Cole • Bernard Epstein • Rudolf Gorenflo ··• Jonathan P. E. Hodgson 
* Aldridge K. Bousfield Joseph G. Conlon • John M. Erdman * Ronald A. Gave • Robert D. Hofer 
• Ward D. Bouwsma Pierre E. Conner Jr. • Wilhelm S. Ericksen Robert B. Grafton • Jerome William Hoffman 
* JohnS. Bradley * Bruce P. Conrad * Leonard Evens * Kevin A. Grasse • Michael E. Hoffman 
• Ilichard C. Bradley '' Peter S. Constantin • Carl Faith • Jack E. Graver Samuel S. Holland Jr. 
* Kenneth A. Brakke John B. Conway Peng Fan David Green Jr. * Wayne James Holman ill 
* James H. Bramble Joseph M. Cook * Bruno Farina * James A. Green * Charles S. Holmes 
* George U. Brauer '' Louis ]. Cote Amassa C. Fauntleroy Ralph Greenberg * Philip John Holmes 

Beverly L. Brechner • Malcolm A. Coulter • Solomon Feferrnan * Curtis Greene * Ilichard B. Holmes 
* Ralph ]. Bremigan • Jessica Marguerite Craig • Howard D. Fegan * Frederick P. Greenleaf * Fred B. Holt 
* Joseph P. Brennan • James P. Crawford * Mark E. Feighn * Ilichard K. Greicar * Raymond T. Hoobler 
• David W. Bressler * Thomas M. Creese * Burton I. Fein * Stanley ]. Greif * Jennifer L. Hopkins 
* David M. Bressoud Robert Crockett • Paul Feit Charles Grimm * Jean MacGregor Horn 

Robert C. Brigham Colin W. Cryer * Walter Feit * Helmut Groemer Werner Horn 
* Matthew G. Brin * Albert W. Currier * Arnold D. Feldman • Leonard Gross • John M. Horvath 
* John E. Brothers James H. Curry • Norman Feldman • Edward H. Grossman • John M. Hosack 
* Edgar H. Brown Jr. • Herbert ]. Curtis • James M. G. Fell • Rosalind ]. Guaraldo Levere C. Hostler 
* Lawrence G. Brown • Everett C. Dade * Rosanne M. Ferdico * Victor W. Guillemin James E. Householder 
* Robert F. Brown Constantine M. Dafermos Thomas S. Ferguson * Gary G. Gundersen • Fredric T. Howard 
* Sharan Inez Brown * Donald A. Darling • Ian M. Ferris Victor Gutenmacher David Howarth 
'' W. Dale Brownawell • Jan W. Dash * Victor G. Feser * Martin M. Guterman * Jingfang Huang 
* Andrew M. Bruckner * Leonardo D'Attorre • Steven Ilichard Finch * Ilichard K. Guy Wu-Hsiung Huang 
• Robert R. Bruner • Ingrid Daubechies * William T. Fishback Vincent H. Haag • Archibald Perrin Hudgins 

Hugh D. Brunk * Robert J. Daverman * Benji N. Fisher Seymour Haber * Mark E. Huibregtse 
* Mark J. Bruso * Chandler Davis Naomi Fisher • A. Glen Haddock * Birge K. Huisgen-Zimmer-
'' Billy F. Bryant Martin D. Davis • Peter R. Flusser P. Frank Hagerry mann 
* Nicholas P. Buchdahl Donald A. Dawson * Susana F. L. de Foglio Lee 0 . Hagglund • George w. Hukle 
'' joseph T. Buckley * Jane M. Day Sergey Fomin * Peter Hagis Jr. Thomas C. Hull 

Steven Allen Buechler * Henry F. Defrancesco Julie A. Fondurulia Jim Haglund • James A. Hummel 
* Pierre Victor Bulens * Percy Alec Deift • Paul Fang William D. Hahn • Craig L. Huneke 

Robert Bumcrot Aristide Deleanu Robert A. Fontenot * Mark Haiman • Karen C. Hunt 
Almut Burchard • Morris Jack DeLeon Benjamin J. Ford * Ilichard Martin Hain * Marcel Hupperich 

* R. B. Burckel * Ralph E. DeMarr • Michael W. Frazier * Andras Hajnal Michael G. Hurley 
* john Brian Burghduff * Jochen Denzler • Norman S. Free * Heini Halberstam Edward L. Hutton 
'' Donald L. Burkholder * John E. Derwent * Peter ]. Freyd Douglas F. Hale * jang C. Hwang 
* Daniel M. Burns Jr. * Michael E. Detlefsen John M. Friedman Jr. Robert Joseph Halk * John Jew-Chen Hwang 

Warren T. Burns Jr. Dennis DeTurck • Merwyn M. Friedman Brian C. Hall • Shigeru Iitaka 
* Ralph Stevens Butcher • Raoul A. De Villiers * Daniel E. Frohardt Emily Hamilton * Ettore Infante 
* Thomas R. Butts * Charles E. Dickerson Bent Fuglede Wallace L. Hamilton * Nancy Jane Ingram 

Charles L. Byrne Jeffrey A. Diller * Hisanori Fujita * Mary-Elizabeth Hamstrom '' Godfrey L. Isaacs 
Robert Lawrence Byrom • Charles R. Dirninnie * Koji Fukuda * David Handel * Eugene Isaacson 

* Robert Calderbank * Gerald P. Dinneen * Komei Fukuda John L. Hank * Masanori Itai 
* Thomas E. Caldwell * Jozef Dodziuk '' William Fulton * J. Ray Hanna * Noboru Ito 
* Duff G. Campbell Heinz Deitrich Doebner * Jeffry B. Fuqua Carsten Hansen * Ryuichi Ito 
* L. M. B. C. Campos • Bora Doering * Steven Allen Gabriel Frank Harary * Henry G. Jacob 

James C. Cantrell * Igor Dolgachev Peter Gacs '' Beverly Bailey Hargraves * Herve M.jacquet 
Bengt G. Carlson • james P. Donaly * Michael E. Gage * Carl E. Harrell * Robert E. Jaffa 

• james A. Carlson * Joseph L. Doob * Dieter Gaier Steven Guy Harris • Robert C. James 
• jon F. Carlson • Jay Robert Dorfman * Tord H. Ganelius • Fred F. Harrop * James S. Jantosciak 
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AMS Contributions 

Robert R. Jensen * Darnel B. Kotlow * Norman Y. Luther Michael G. Molinsky * James F. Peluso 
'' Carl G. jockusch Jr. Jerald]. Kovacic * Wilhelmus A.]. Luxemburg ]. Donald Monk * Richard P. Pembroke 
* Eugene C. Johnsen Thomas Robert Kowalski * Gennady Lyubezrtik Paul H. Monsky * David Michael Perry 

Dale Martin Johnson * Yoshihiro Koya Manohar L. Madan M. Susan Montgomery * Peter A. Perry 
* David Copeland Johnson * Gregers L. Krabbe • Adolf Mader • Hal G. Moore * Victor Pesta 

David Lee Johnson * David P. Kraines Toshiaki Maeno * Lawrence C. Moore Jr. * Gary L. Peterson 
* George W. Johnson * Raymond F. Kramer Jr. * Kenneth D. Magill Jr. * Cathleen S. Morawetz * John W. Petro 
··• Guy Johnson Jr. * Herbert C. Kranzer * Franco Magri • Morris Morduchow I. Piatetski-Shapiro 
··• Harold H. Johnson • Robert Krasny '' Kazem Mahdavi * Marjorie A. Moretz * Paul Frederick Pickel 

Jon L. Johnson Ralph M. Krause * John C. Mairhuber * Frank Morgan Steven Pincus 
• Norman W. Johnson Bernd Krauskopf Peter Malcolmson * Larry]. Morley Henry C. Pinkham 
* Robert Shepard Johnson Dirk Kreimer Frederik Malfait • L. E. Morris * George Piranian 

Rodney W. Johnson • Henry A. Krieger Joseph Malkevitch • Robert A. Morris • Gilles Pisier 
Cris tian J oita Leif Kristensen • John Mallet-Parer Burt]. Morse * Donald L. Plank 
Charles H. Jones • Gary R. Krumpholz * David M. Malon * joseph G. Moser * John William Poduska Sr. 
Eleanor Green Jones Arthur H. Kruse * Giles W. Maloof * Ronald G. Mosier * Milja-Riitta Poe 

* Jeffrey P. Jones * Masatake Kurartishi Kenneth L. Manders " Benjamin N. Moyls * Harriet S. Pollatsek 
Vaughan F. R. Jones Robert P. Kurshan * Ralph Mansfield * Paul S. Muhly AJeksey Popelyukhin 

* William B. Jones * Herbert Kurss * Margaret 0. Marchand R. B. Murphy * Sidney C. Port 
* Bjarrti Jonsson • Thomas]. Kyrouz * David Imler Marshall Jan Mycielski Horacia A. Porta 

Jacob C. Joosten Christian D. LaBudde * Darnel Martin • Tadashi Nagano • Kathryn Frost Porter 
* Kirk E. Jordan Jeanne LaDuke * Donald A. Martin * Alexander Nagel Willis B. Porter 
* Troels Jorgensen '' Clifton A. Lando George E. Martin '' Kurtiaki Nakarnltsu * C. Spencer Powell 
* Virgirtia V. ]ory * Peter S. Landweber Brian Richard Martirticky • Masaornl Nakata • Dean L. Preston 
* ]oaquim]. A. Judice • Oscar E. LanJord III Osamu Maruo • Mie Nakata '' Justin]. Price 
* Danjurca • William E. Lang John W. Marvin * Isaac Narnloka David S. Protas 
• Jeffry N. Kahn '' Carl E. Langenhop • Bernard Maskit * Kyu-Oh Narnkoong Jozef H. Przytycki 

N.]. Kalton * Joseph A. Langsam Bertha W. Mather Joseph Neggers Alfred L. Putnam 
* Herbert M. Kamowitz '' J. Halcombe Larting • John Norman Mather Edward Nelson • Hermes Augusto Puyau 
• Richard A. Kanner David C. Lantz jerold C. Mathews Walter David Neumann • Michael F. Quinn 
* Stanley Kaplan • Michel L. Lapidus • Frank H. Mathis Charles W. Neville Adbeel N. Quinones 
'' Wilfred Kaplan • Peter A. Lappan Jr. * Jacob R. Matijevic * August Newlander Jr. * Paul H. Rabinowitz 

Thomas Kappeler Bruce R. Larson • John-Anton Charles Matovsky * Charles M. Newman Andrew]. Radcliffe 
* Martin Lewis Karel David R. Larson • Robert G. Maule * Peter E. Ney • Gregory Rajewski 
* Jams KarkJins * Richard G. Larson • Farley Mawyer • James A. Nickel • Louis B. Rall 
* Jerome Karle • Margaret M. LaSalle • Charles N. Maxwell • Charles A. Nicol • George N. Raney 
* Guido Karrer * Richard K. Lashof ]. Peter May Michio Nishioka • Wayne Mark Raskind 
'' Brian J. Kasper * Kee-Wai Lau John P. Mayberry Eizo Nishiura • Clifford L. Ratza 
• Robert H. Kasriel * George Laush * Raymond A. Mayer Jr. * Togo Nishiura John Elton Rawson 
* Victor J. Katz * Lorraine D. Lavallee * Stephen J. McAdam * Nobuo Nobusawa • Don Redmond 
* Arthur Kaufman * John W. Lawrence * Byron Leon McAllister Scott R. Noller Coke Stevenson Reed 

Eric Roger Kaufmann • H. Blaine Lawson Jr. Stephen H. McCleary, Sr. Virginia A. Noonburg • David E. Reese 
Masasuke Kawasaki * Peter D. Lax • Gregory Loren McColm • Eric A. Nordgren james Reichwein 
Kevin P. Keating Eva K wok Yin Lee • Robert A. McCoy • Roger D. Nussbaum * William H. Reid 
Linda Keen * Jyh-Hao Lee • Marjorie Frost McCracken Duane Q. Nykarnp * Irma M. Reiner 
Edward L. Keenan • Robert N. Leggett Jr. • Paul W. McCree Jr. Sheila Oates-Williams * Guillermo Restrepo 

• Anthony J. Keeping * ]. Larry Lehman Dusa McDuff * Moria Obata * Vladimir Retakh 
'' James E. Keisler • Gerald M. Leibowitz • 0 . Carruth McGehee * Serge Ochartine Michael Bela Revesz 
• Edward L. Keller Andrew Lenard • Charles A. McGibbon Joel A. O'Donnell * Robert J. Reynolds 

J. H. B. Kemperman • Bela A. Lengyel Pete B. McGill • Robert H. Oehrnke * Kenneth A. Ribet 
• Edward S. Kennedy • H. W. Lenstra, Jr. • William D. Mcintosh * Andrew P. Ogg * Stephen ]. Ricci 
* Sandria N. Kerr * Henry S. Leonard Jr. * Thomas G. McKay '' Frank Okoh Henry G. Rice 
• Barbara Lee Keyfitz Lisa Leung • Robert W. McKelvey Robert F. Olin * John H. Rickert 
• C. David Keys * Harold Levine * Lionel W. McKenzie Philip]. O'Neil * Robert D. Rigdon 

Woo J ong Kim • joel Levy Robert B. McNeill * Yoshitsugu Oono Thomas A. Rike 
'' L. Richardson King • Douglas Lewan George Joseph McNinch Edward T. Ordrnan Pete E. Riley 
'' Stephen C. King * Andrew M. Lewis * Robert C. McOwen • Donald S. Ornstein * Jose Rio 

Allan M. Kirch • H. L. Lewis * John C. Meakin • Mason S. Osborne * Craig William Roberts 
• Walter W. Kirchherr • John B. Lewis • Kurt Mehlhorn * Steve G. Oslon '' Joseph B. Roberts 
* Kelley H. Kirklin • Roger T. Lewis * Morris J. Meisner • Scott C. Otermat '' Darnel A. Robinson 

Ellen E. Kirkman • James E. L'heureux Lyudnula Meister Ara- '' James C. Owings Jr. • David M. Rocke 
* Joseph E. Kist * Gary M. Lieberman manovicb * Raymond E. Ozirnkoski Vijay K. Rohatgi 

Kouichi Kiyokawa F. W. Light Jr. • Robert v. Mendenhall • Istvan Ozsvath • David E. Rohrlich 
* Sergiu Klainerman • Shen Lin • Jose M. R. Mendez-Perez David A. Page • judith Roitman 

David S. Klarman • Peter A. Linnell * David M. Merriell • Helen L. Paisner * Nicholas ]. Rose 
* Peter Klein • Frederick W. Lipps • Richard C. Metzler * Diethard Pallaschke Jonathan M. Rosenberg 
* Bradford Kline • Sally Irene Lipsey • Burnett C. Meyer Donald G. Palmer Gerald Rosenfeld 
• Roland R. Kneece Jr. Robert]. Lipshutz • Ernest A. Michael * John H. Palmieri • Ronald L. Rosenfeld 
* Julia Krtight William G. Lister • David Middleton • George D. Parker • Richard L. Roth 

Alan P. Knoerr • Robert D. Little Bernhard Joerg Mieck * Nicholas Passel! • Christel Rotthaus 
* Marvin I. Knopp • Albert E. Livingston • Marvin V. Mielke * Henry]. Passerini Fred Roush 
* John R. Knudsen * Stuart P. Uoyd Brian]. Miller • Donald S. Passman • Cecil C. Rousseau 
* Tsuyoshi Kobayashi Warner Lo Zevi Miller • John]. Pastor * james L. Rovnyak 
* Yukio Kobayashi William Lo * William H. Mills * Donald A. Patterson • Melvin Glenn Royer 
* Charles F. Koch * Charles]. Lombardo • Ray Mines • Charles M. Patton Wimberly C. Royster 
• Joseph]. Kahn • John M. Long Yair N. Minsky * Sandra 0 . Paur * Mary E. Rudin 
• Kurt Siegfried Kolbig • William C. Lordan • Norman D. Mirsky * Lawrence E. Payne • Walter Rudin 
* Yasuo Komori Laszlo Lovasz • Michal Misiurewicz * Robert G. Payton * Richard W. Rudolph 
* Ralph D. Kopperman • Sylvia Chin-Pi Lu * Guido Mislin Rachel H. Pearlman * Darnel P. Runyan 
'' Nicholas Jacob Korevaar * Tsu-Ming Lu • Stephen Ames Mitchell Edward A. Pedersen * Bernard Russo 
'' Eric]. Kostelich • Milan N. Lukic * Theodore Mitchell • Erik Kjaer Pedersen * Leon W. Rutland Jr. 

P. Robert Kotiuga • Eduardo A. Luna Nikolai V. Mitskievich • Robert L. Pego • Donald K. Ryan 
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Pat Ryan * John R. Smart Elliot A. Tanis • John V. Wehausen Eduardo Duenez 
* David Ryeburn * Dirk ]. Smit * Leon H. Tatevossian Lawrence R. Weill ~· Kumar Eswaran 
* Anthony Sacremento '' Frank D. Smith Jr. James J. Tattersall * Hans F. Weinberger * David V. Finch 

Bruce E. Sagan George Rowan Smith * John Tavantzis Jerome H. Weiner * Mary Elizabeth Flahive 
* Habib Salehi Karen E. Smith * Laurence R. Taylor * Joel L. Weiner Robert K. Formanek 
* Anita J. Salem Perry Smith * Michael E. Taylor * Michael!. Weinstein '' Nobuhiko Fujii 
* Laurent Saloff-Coste * Richard A. Smith * S. James Taylor * Richard M. Weiss Clinton B. Gass 
* Christopher L. Samelson * Wilbur L. Smith * Silviu Teleman • David M. Wells Jorge A. Gerszonowicz 
* Hans Samelson * William K. Smith RogerTemam * Raymond 0. Wells Jr. Michael D. Gilbert 
* Pierre Samuel Frank Smithies * Antonio G. B. Teolis David V. V. Wend Daniel A. Goldston 
* Robert W. Sanders * Joel A. Smaller * Chuu-Lian Terng * Gregory P. Wene A. F. Gualtierotti 
* Donald E. Sarason Ernst Snapper * Elmar H. Thoma * Henry C. Wente * Leo Hellerman 
* Chelluri C. A. Sastri William Merritt Snyder Jr. Alan T. Thomas * Elisabeth Werner Peter G. Hinman 

Richard C. Scalzo George Sohos Diana M. Thomas Thomas A. Weston 
* Koichi Iwata Paul T. Schaefer Alexander M. Soiguine * Lawrence E. Thomas * John E. Wetzel 

• Juan Jorge Schaffer * Emina Soljanin Layton 0. Thompson Mark W. Whisler Julian C. Jamison 

Richard L. Schauer Jeffrey Elliott Solski John F. Thorne Ill * Arthur T. White * Trevor M. Jarvis 

Irene V. Schensted Alexia Henderson Sontag John A. Thorpe NeilL. White * George A. Jennings 

* Dirk Schlingmann Frank Sottile * Wolfgang]. Thron • George W. Whitehead D. Randolph Johnson 

• Harvey J. Schmidt Jr. '' Edward ]. Specht Edward G. Thurber * Kathleen B. Whitehead Stanislav V. Klimenko 

Thomas A. Schmidt * Dennis Spellman Myles Tierney '' Andrew P. Whitman * Richard M. Koch 

• Wolfgang M. Schmidt * Michael P. Spertus Heinz G. Tillmann * Kenneth G. Whyburn * John G. Koelzer Ill 
* Franz ]. Schnitzer * Stephen E. Spielberg Christian von Toerne * Roger A. Wiegand * Neil E. Krebs 
* Richard M. Schoen John J. Spitzer * Daniel B. ]. Tomiuk-ln Mem- Sylvia Margaret Wiegand John F. Kurtzke Jr. 
* Bertram M. Schreiber David A. Sprecher ory of Victor Unis * Robert A. Wijsman * Ruishi Kuwahara 

Bernd S. W. SchrOder Richard H. Squire Fred Torcaso • John F. Wilkinson * M. Lanza de Cristoforis 
* M. Schroder * Thirumalai Srinivasan * Norman Wesley Torgerson * Alfred B. Willcox * Bernard Leclerc 
* Werner Schuett * Olaf P. Stackelberg Nicolo Goodrich Torre Jack Williamson * John M. Lee 
* Seymour Schuster * Ross E. Staffeldt Charles R. Traina Kay Williamson Athena Makroglou 

Jacob T. Schwartz '' James D. Stafney * William R. Transue '' Alan Stephen Wilmshurst • Dennis R. Malm 
Willi Schwarz * Saul Stalil * Selden Y. Trimble * Richard Wilson * Michael A. Mandell 
Eric Schweitzer * Ivar Stakgold * Kaz6 Tsuji * Robert Lee Wilson * Charles Michel Marie 

* Michael]. Schwietzer * Friedemann W. Stallmann Howard G. Tucker lzaak Wirszup John Emerson Mead 
* Peter Scott * William L. Stamey Bryant Tuckerman Heinz-Wolfgang Wissner * Jean-Pierre G. Meyer 

Ridgway Scott Lee James Stariley * F.]. Turiel * Edward Witten Edward Moy 
* Robert T. Seeley * Michael Starbird * Edward C. Turner * Louis Witten Rutger Noot 
* George Seifert * Orestes N. Stavroudis * Atwell R. Turquette • Elliot S. Walk • Paul D. Olson 
* George Seifert- ln Memory * Sherman K. Stein * Karen Uhlenbeck * Jay A. Wood Cardenas Agustin Pacheco 

of Taro Yoshizawa * Maria W. Steinberg * Harald Upmeier * John w. Wood '' Joseph W. Paciorek * George B. Seligman * Robert Steinberg * John A. W. Upton '' George V. Woodrow III 
* Mark L. Seligman * Frank Stenger * Jean E. de Valpine Jeffrey H. Wright 

Arnnon]. Pazy 

George R. Sell * Ellen M. Stenson • Alfons VanDaele Hung-Hsi Wu 
'' Lorenzo Achille Peccati 

Jean-Pierre Serre * Ronald ]. Stern * R. Lee Van de Wetering * Alun Wyn-Jones 
Christine Melle Phili 

Arjen Sevenster * John R. Stock Aernout C. D. Van Enter Paul C. Yang * Harsh V. Pittie 

Robert E. Seydel Jr. * PaulK. Stockmeyer * Bert Van Geemen * Michael Yanowitch Conrad P. Plaut 

Chandulal C. Shah * H. Christine B. Stokes * Roger Van Keer * Jill S. Yaqub * Mikhail Mikhaylovich Potapov 

Peter B. Shalen * Russell A. Stokes * A. H. Van Tuyl * Bertram Yood Eric Todd Quinto 
Daniel B. Shapiro * Wilhelm F. Stoll * S. R. S. Varadhan * Paul M. Young * Rolando A. Rebolledo 

* Henry Sharp Jr. * Stephan A. Stolz * Janet Trzcinski Vasak Todd R. Young Nelson G. Rich 
• Stephen S. Shatz H. A. Stone Andras Vasy Ion Zaballa * David W. Roeder 
* Guy B. Shaw * Lawrence D. Stone * Maria Rasquilha Vaz Pinto * Jean-Claude Zambrini John Rosenknop 
* Ching-Kuang Shene Lawrence Neff Stout Franco Virga * Hermann Zapf * Hiraki Sato 

Michael Sherban Philip D. Straffin Jr. * Michael Voichick '' Thomas Zaslavsky * Charles Freund Schwartz 
Theodore Shifrin * Walter A. Strauss * Dan Voiculescu * Karl Zeller * Kent Seinfeld 

* Nobuo Shimada George E. Strecker * Jan Vrbik Li Zhou * David H. Shaftman 
T. Shintani * G. Ralph Strohl Jr. Murray Wachman * Steven M. Zucker * Bernard Sherman 

* S. W. Williston Shor Jeffrey Dean Stroomer * Hidekazu Wada '' John A. Zweibel * Kenichi Shiraiwa 
William Ivan Shorter • Eric A. Sturley John Wainwright Anonymous (118) Wojciech Slowikowski 

• Steven E. Shreve * Bernardo Suarez * Homer F. Walker * Linda R. Sons 
Chi-Wang Shu • Richard W. Sullivan Judy Leavitt Walker CONTRIBUTORS * Dennis W. Stanton 

'' Stariley R. Shubsda Jr. * Lawrence A. Susanka * John Thomas Walsh * ]. Steenbrink 
* David S. Shucker Myron M. Sussman Gilbert G. Walter Erik Andersen 

Ian Stewart * Ernest E. Shult * Hector ]. Sussmann * Wolfgang L. Walter Klaus Barner 
• Stephen E. Stuckwisch 

* Stuart J. Sidney * Ralph Eugene Svetic Hans Ulrich Walther * ]. Thomas Beale 
• Evelyn Marie Silvia * L. James Swank * Evelyn K. Wantland • Robert D. Bechtel * Irena Swanson 

• Patrick ]. Sime Mabel Szeto * Buck Ware • William A. Beck Juan Luis Valle 

* Lloyd D. Simons Roman Sznajder * Seth L. Warner Donald John Bindner Ileana Vasu 

* lakov G. Sinai Rika Tadokoro * Robert L. Warnock • Mike Boyle * Bette L. Warren 

David Allen Singer * Earl]. Taft * William E. Warren • Steven B. Bradlow Arthur G. Wasserman 

• Michael F. Singer * Margaret W. Taft Robert H. Wasserman '' Royce E. Buehler Charles K. Williamson 

• David Sklar William W. Tait * Shoji Watanabe • James R. Case * Tatsuhiko Yagasaki 

* David L. Skoug * Shuichi Takahashi * DavidS. Watkins William A. Cherry * Mitsuru Yasuhara 
Stephen Slack Yoshinori Takei * Mark E. Watkins * Susan Jane Colley '' Ken-Ichi Yoshihara 

* William T. Sledd * Hisao Tanaka David K. Watson * Guillermo Davila-Rascon Anonymous (35) 
Lynne Barnes Small Daniel Louis Tancreto George E. Weaver * Barry H. Dayton 
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Other AMS Endowment Funds 
Eve L. Menger Hammond-The Karl Menger Fund 
Sally Whiteman-The Albert Leon Whiteman Memorial Prize 

AMS Centennial Fellowship Fund, Program Development Fund, 
and General Fund 

PRESIDENT'S Ruben j. Glueck • Allan J. Silberger • Christopher J Allday • Philip R. Bartick 

ASSOCIATES 
• Stanley ]. Greif * John R. Smart • Arnold 0. Allen • Alexander Barvinok 
* George F. Haddix • Louis Solomon * John P. van Alstyne • Hyman Bass 

(Gifts of $5,000 and above) • Deborah Tepper Haimo-In • Olaf P. Stackelberg * Alain Amiouni * Frances B. Bauer 
Norman L. Alling Memory of Franklin Tepper • Ivar Stakgold Vrege Amirkhanian Jolfai Patricia E. Bauman 

* Maria W. Steinberg Haimo * John R. Stock * Ali R. Amir-Moez Peter H. Baxendale 
'' Robert Steinberg • Mary-Elizabeth Hamstrom • Tina H. Straley DinuAmzar Eva Bayer-Fluckiger 

• Nick Hann • Richard W. Sullivan * Fredric Davis Ancel * Enrique Bayo 

ASSOCIATES • David Harbater * Margaret w. Taft Martin Sparre Andersen Jack Bazer 
* Carl E. Harrell • Nicholas F. Taussig * Allan G. Anderson * R. Michael Beals 

(G ifts of $1,000 and above) Helton & Williams Fund * Laurence R. Taylor * Douglas R. Anderson * Homer F. Bechtel! 
Edward D. Baker Robert j. Hemstead • Wolfgang J. Thron * Marlow E. Anderson * Edward Beckenstein 

'' Nathaniel Chafee * James B. Herreshoff • Karen Uhlenbeck • Michael T. Anderson Eberhard Becker 
-·- Phyllis and Donald Kahn • Gerald A. Heuer • jean E. de Valpine Peter G. Anderson Frank S. Beckman 

Philanthropic Fund Omar Hijab • Walmer V. Vasconcelos • Peter P. Andre • William H. Beckmann 
* Harry Lucas Jr. • Melvin Hochster • William A. Veech • George E. Andrews • John A. Beekman 
• Estate of C. D. • Roger E. Howe • David A. Vogan Jr. Jaime Angulo Horst Behncke 

Papakyriakopoulos • Craig L. Huneke * William E. Warren Giuseppe Anichini * Steven R. Bell 
" Norton Starr * Carol Hutchins • Alexander H. Weintraub * Michael Anshel * Wolfgang Bell 

• I. Martin Isaacs * Steven H. Weintraub * Peter H. Anspach * David P. Bellamy 

SPONSORS * Masanori ltai • Sally Whiteman jose A. Antonino • Julius S. Bendat 

(Gifts of $500 and above) 
• Herve M. Jacquet • j. Ernest Wilkins Jr. Regina D. Aragon Douglas Charles Bender 
• Carl G. jockusch Jr. Clinton Curtis Williams Masaharu Arai • John Bender 

'' William L. Duren Jr. Daniel s. Kahn * James j. Woeppel * Enrico Arbarello * Georgia Benkart 
• Bill Hassinger Jr. 

• Derek G. Kane T. C. Wu • Myla M. Archer * George Benke 
• Anna S. Henriques 

Yoshikazu Karamatsu * Masayuki Yamasaki Richard F. Arenstorf • David Bernard Benson 
* Jacques Neveu * Louis H. Kauffman * Jill S. Yaqub Susumu Ariki Yoav Benyamini 
'~ Morris Newman 
• John F. Richards 

* john F. Kellaher * Jill S. Yaqub- In Memory of • Martin Arkowitz Carlos A. Berenstein 

* Richard M. Schoen 
• Joseph E. Kist Helga Schirmer John V. Armitage Henri Berestycki 
* Peter Klein • Jill S. Yaqub-In Memory of Mark Anthony Armstrong • Gary D. Berg 

PATRONS 
Ralph M. Krause Lady Mary Warner Thomas E. Armstrong Alan E. Berger 
Jean-Pierre Leonard Laffineur Mariko Yasugi * Jonathan W. Aronson * George M. Bergman 

(Gifts of $100 and above) • Joseph A. Langsam • Allen D. Ziebur J Marshall Ash Ethan j. Berkove 

'' Alfred Aeppli • Peter D. Lax Anonymous (17) * Winifred A. Asprey * Elwyn R. Berlekamp 

j. Thomas Allen III * George F. Leger * Gerassimos Athanassoulis * Salvatore D. Bernardi 

• Walter 0. Augenstein * Gary A. Martin FRIENDS • Bernice L. Auslander * Simon J. Bernau 

* Donald H. Ballou • jacob R. Matijevic • Catherine C. Aust Stephen R. Bernfeld 

* Felice D. Bateman • Charles A. McGibbon (Gifts of $25 and above) * Roger A. A velsgaard * Vittorio Berzi 

* Paul T. Bateman Robert F. McNaughton Jr. * Johannes M. Aarts • Sheldon Axler * Edwin F. Beschler 

Barbara j. Beechler * Ernest A. Michael • jean M. Abadie • Edward A. Azoff • Carlos M. Betancourt 

Janie L. Bell • Guido Mislin ian M. Aberbach Alphonse H. Baartmans • James S. Bethel 

* Martin Billik • Theodore Mitchell • Clarence M. Ablow Victor Adekola Babalola Edward James Bevan 

* Joan S. Birman • Theodore Mitchell-In Mem- Mario Abundo • Albert E. Babbitt Jr. William A. Beyer 

* Peter B. Bjorklund ory of Clayton J. Thomas Norbert A'Campo David Howard Bachman * Meempat Bhaskaran 

* David M. Bressoud * Richard A. Moore Robert Acar * George Bachman Leonard N. Bidwell 

* Robert Calderbank * Robert A. Morris • Robert D. M. Accola * Albert Baernstein II Katalin Bimbo 

* Richard M. Cohn • Paul S. Muhly • William W. Adams Richard J. Bagby David E. Bindschadler 

* Paul Dana Cole • Paul]. Nikolai • Carla J Adamson • Kirby A. Baker Michel J Bineau 

Pierre E. Conner Jr. • Donald S. Ornstein • lain T. A. C. Adamson Peter Fritz Baker * John]. Bircher 

* Thomas Carney Corrigan * Scott C. Otermat • Arnold M. Adelberg • John T. Baldwin Gian-Italo Bischi 

'' Edmund A. C. Crouch Nirmala Prakash • Roy L. Adler * Joseph A. Ball * Irl C. Bivens 

'' Philip C. Curtis Jr. james V. Ralston • Alan C. Adolphson • Richard Neal Ball john R. Bivona 

* Ingrid Daubechies * M. M. Rao Evans K. Afenya John W. Ballard Gavin Bjork 

* Morris jack DeLeon John Elton Rawson • N. U. Aluned • William R. Ballard • Robert Eugene Black 

• Robert L. Devaney * Marc A. Rieffel * T. Aikou • Paul j. Bankston • Denis L. Blackmore 

• Charles E. Dickerson • William Salkind • Wayne Edward Aitken • Eiichi Bannai •• William D. Blair 

* Robert L. Druet * Laurent Saloff-Coste • Firas Hameed Al-Alwan • S. F. Barber Michael N. Bleicher 

John W. Duskin Jr. * Hans Samelson Yousef Alavi * Julio Edgardo Barety * Patricia M. Blitch 

John C. Fenley * Nancy Samelson * Martin K. Albert Nikola Baricevic * David S. Bloom 

* Joseph M. Gani Henry M. Schaerf * Michael 0. Albertson • Bruce H. Barnes • Antonia W. Bluher 

* Richard L. Gantos * Joel E. Schneider • Alain Vincent Albugues Simson Baron joseph Blum 

Pedro ]. Geraldo-In Honor • Alejandro R. Scopelli james C. Alexander Robert Barone * Istvan Bodnar 

of Michael Spivak Dana S. Scott • Kenneth S. Alexander • Domingo Barrera-Rosillo • Kenneth P. Bogart 

Andrew M. Gleason * Norman E. Sexauer Roger K. Alexander * Karl F. Barth * S. Elwood Bohn 
* Stephanie B. Alexander 
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Luciano Boi '' M. Carme Calderer Joseph G. Conlon Ogun Dogru • Burton I. Fein 
Pierre Bolli • Thomas E. Caldwell Robert Connelly Douglas Paul Dokken • Paul Feit 
Jerry L. Bona William C. Calhoun JefferyS. Connor • James M. Dolan • Walter Feit 
Robert Joseph Bond * Duff G. Campbell • Bruce P. Conrad Pierre E. Dolbeault • Norman Feldman 

·• jose Bonet * L. Lome Campbell J. Brian Conrey Joanne M. Dombrowski • James M. G. Fell 
William Boos • L. M. B. C. Campos Kenneth L. Cooke James A. Donaldson • Rosanne M. Ferdico 
Robert S. Borden-In Honor * Mike Canjar Clifford R. Cooley Simon K. Donaldson Helaman Ferguson 
of H. F. Bohnem Blust James C. Cantrell Arnold A. Coolsaet * James P. Donaly Pamela A. Ferguson 
Robert L. Borrelli Bengt G. Carlson • Thomas A. Cootz • Joseph L. Doob Thomas S. Ferguson 

., Leonard John Borucki * James A. Carlson • Heinz 0. Cordes Thomas J. Dooley Paulo Jorge S. G. Ferreira 
'' Rupert D. Boswell Jr. * jon F. Carlson • Constantin Corduneanu • jay Robert Dorfman • Ian M. Ferris 
* Truman A. Botts • Robert C. Carlson H. Cornet James R. Dorroh Steven C. Ferry 

Nicolas Rouleau * Amos joel Carpenter * Chris Cosner Kokou Dossou • Victor G. Feser 
* Aldridge K. Bousfield jack Carr * Ovidiu Costin • Alberto M. Dou • Hans Luis Fetter 
* Ward D. Bouwsma James B. Carrell * Louis J. Cote Jim Douglas Jr. * Maurice C. Figueres 

Robert E. Bozeman • David W. Carter • Malcolm A. Coulter • Ronald G. Douglas • Aurino Ribeiro Filho 
Malcolm K. Brachman Paolo Casati Lenore ]. Cowen Karl Heinz Dovermann • Steven Richard Finch 

* JohnS. Bradley * James R. Case • Robert F. Craggs • Martin J. Dowd David L. Finn 
'' Richard C. Bradley * John F. R. Casimir • Jessica Marguerite Craig Robert E. Dowd William C. Finnoff 
* Kenneth A. Brakke Burtis G. Casler Walter Craig • Diane M. Dowling • William T. Fishback 
• James H. Bramble Erio A. Castagnoli • Stephen H. Crandall • ]. Scott Downing • Benji N. Fisher 
··• Emil R. Brandli Thomas E. Cecil • ]ames P. Crawford • Alex]. Dragt Naomi Fisher 
* Dennis E. Brandt * ]. Orestes Cerdeira • Thomas M. Creese • Ronald Lewis Drake Steve Fisk 
* Fred Brauer * Gulbank D. Chakerian Patrick J. Crehan * Alexander N. Dranishnikov • Gary F. Fitz-Gerald 
* George U. Brauer Richard A. Champion Jr. Colin W. Cryer • Gerald C. Drew William E. Fitzgibbon 

Beverly L. Brechner Charles Clifton Chancey * Helen F. Cullen • Arthur A. Drisko * Uri Fixman 
* John C. Breckenridge Sun-Yung Alice Chang Marc E. Culler * Bruce K. Driver Paul]. Flavell 
* Joseph P. Brennan * Paul Jackson Channell Wendell Culp-Ressler Thomas L. Drucker Daniel J. Fleming 
* Louis Brickman * Ruth M. Charney Donald L. Curlovic I. Drugus • Richard J, Fleming 

Bruce G. Bridgman Ronald J. Chase Bradley N. Currey Vladimir L. Druskin Michel Fliess 
* Joseph Edward Brierly * John E. Chavez • Albert W. Currier '' Roy Dubisch • John B. Florence 

Robert C. Brigham Pak Soong Chee ]ames H. Curry * Thomas E. Duchamp • Peter R. Flusser 
* Matthew G. Erin • Concordia C. Chen * Charles W. Curtis Marcus Duff Mustapha S. Fofana 
* Judith E. Broadwin * Fen Chen • Herbert J. Curtis * Krishan La! Duggal * Micah E. Fogel 
* John E. Brothers * Hwa-Nien Chen Thomas Stanley Curtis Richard D. Dunlap • Gunnar Fogelberg 
* Edgar H. Brown Jr. • Kwan-Wei Chen • Raul E. Curto • Loyal Durand * Susana F. L. de Foglio 

Jack B. Brown Louis H. Y. Chen Michael Cwikel • Peter L. Duren • Gerald B. Folland 
* Kenneth S. Brown * Nikolai I. Chernov • Marius Dadarlat Jerzy A. Dzieza Julie A. Fondurulia 
* Lawrence G. Brown Daniel S. Chess • Everett C. Dade • Clifford J. Earle Che-Kao Fong 
* Robert F. Brown * Robert Chew Aaron A. Dalan • Timothy R. Eaton • Paul Fong 
* Sharan Inez Brown Carl Chiarella • James N. Damon • Patrick Barry Eberlein * Marc F. Fontaine 
* W. Dale Brownawell * jayanthi Chidambaraswamy • Martin P. Dana • Dorothea M. Eberz-Wagner Robin Forman 

Ronald E. Bruck Marita C. Chid.ichimo * ]an W. Dash • Ernest ]. Eckert Robert M. Fossum 
* Andrew M. Bruckner * Choong Yun Cho Boris A. Datskovsky • Monica Jeanne Eder Franklin H. Fowler 

Morten Brun * Jal R. Choksi • Leonardo D'Attorre • H. P. Edmundson Hans-Bj0rn Foxby 
* Robert R. Bruner Koo-Guan Choo * Leonardo D'Attorre-In • Robert D. Edwards Walter L. Foxworth 

Hugh D. Brunk * Charles C. Chouteau Honor of Bernard Russo • James Eells • Marcelo D. Fragoso 
* Natascha A. Brunswick • Tseng Yeh Chow Fred Daum * Paul]. Eenigenburg • Jeremy Frank 
* Mark J. Bruso * Chris Christensen • Robert J. Daverman * Isaac Efrat • Michael w. Frazier 
• Billy F. Bryant * William E. Christilles * David H. Davies • William I. Eggers • NormanS. Free 
* John G. Bryant Chinku Chu • Donald M. Davis David L. 0. Ehren • Mark S. Freeland 
* Robert L. Bryant * Philip T. Church Martin D. Davis • Edwin G. Eigel Jr. Marianne Smith Freundlich 

David C. Brydges • Richard C. Churchill • Paul L. Davis Sylvan H. Eisman • Eugene M. Friedman 
Jean-Luc Brylinski Philippe G. Ciarlet • Jane M. Day * Elmer Eisner John M. Friedman Jr. 
Ranee Kathryn Brylinski Paolo Ciatti Richard A. Dean Mercy 0. Elegbe • Merwyn M. Friedman 

* Nicholas P. Buchdahl • Stuart Citrin G. De Barra • Sigurd Elkjaer • John L. Friese 
* Joseph T. Buckley Paul Civin Djairo G. De Figueiredo • Harald E. Ellers • Daniel E. Frohardt 

Steven Allen Buechler Adam F. Clark * Marco Degiovanni • joanne Elliott Bent Fuglede 
* Pierre Victor Bulens • Alfred Clark Jr. Charles Deguenon • Richard S. Elman * Hisanori Fujita 

Richard T. Bumby * Robert A. Clark * Percy Alec Deift • Paul W. Eloe • Komei Fukuda 
Robert Bumcrot * Graham Thomas Clarke • Michael D. Delahunty • Gerard G. Emch • Jeffry B. Fuqua 

* Adam Buraczewski Stuart Clary Aristide Deleanu • Thomas J. Emerson B. A. Fusaro 
Almu t Burchard ·• William A. Clee * Jean Delporte Neil H. Endsley • Jean-Pierre Gabardo 
Hermann G. Burchard Yeaton H. Clifton * Ralph E. DeMarr • Jessie Ann Engle Jacques Gabay 

• R. B. Burckel • Ed Cline Jeffrey T. Denniston Philip G. Engstrom * Richard F. Gabriel 
* Krzysztof Burdzy * Philip A. Cobb '' Diane L. Denny Marjorie Enneking • Steven Allen Gabriel 

C. Edmund Burgess James A. Cochran • Guy M. De Primo Tamas Erdelyi * Michael E. Gage 
* John Brian Burghduff * John C. Cock • John E. Derwent • John M. Erdman * Dieter Gaier 

josep A. Burgues * Terence Coffee Dennis Des Chene • Karin Erdmann Dennis Gaitsgory 
• Donald L. Burkholder * John Coffey Sylvie Desjardins • Wilhelm S. Ericksen • Tord H. Ganelius 
* Daniel M. Burns Jr. • ]ames Wesley Cogdell • Hendrik S. V. De Snoo • Leonard Evens Shuhong Gao 

Warren T. Burns Jr. • Daniell. A. Cohen • Michael E. Detlefsen • Carl Faith • Salvador Garcia 
Virginia Beth Busbea • Frederick R. Cohen Dennis DeTurck • Neil F. Falkner Ryan Skip Garibaldi 

* Peter]. Buser * Gerard D. Cohen • James K. Deveney Isabel Faria • Howard Garland 
* Colin J. Bushnell * Marshall M. Cohen Thomas Dietmair * Bruno Farina Stephen J, Garland 
• Ralph Stevens Butcher * Michael P. Cohen Aalt Dijksma Kathleen W. Farmer * Charles Ray Garner Jr. 
* Thomas R. Butts • Donald L. Cohn Jeffrey A. Diller * Frank A. Farris John B. Garnett 

Charles L. Byrne Brian James Cole • Gerald P. Dinneen Ruth G. Favro • John E. Gassner 
james S. Byrnes • George Cole • Theresa K. Dodds Paul M. N. Feehan • Walter Gautschi 
Robert Lawrence Byrom A. john Coleman * Jozef Dodziuk • Solomon Feferman Liming Ge 
Maria Emilia Caballero Heron S. Collins Heinz Deitrich Doebner • Howard D. Fegan * Jerry Gechter 
Luciano Caccianotti '' Daniel Comenetz * Bora Doering • Mark E. Feighn * Keith 0. Geddes 
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Dale E. Geer Maria Do Carmo M. Guedes * John J, Hirschfelder • Eugene C. Johnsen * L. Richardson King 
* Stuart Alan Geman • Victor W. Guillemin • Peter David Hislop • Trygve Johnsen * Stephen C. King 
* Jean Raymond Genet * Samuel L. Gulden Nobuo Hitotsuyanagi Barry E. Johnson Allan M. Kirch 

Graziano Gentili * Jeremy Gunawardena • Harry Hochstadt * Bradford W. Johnson '' Walter W. Kirchherr 
* John C. Georgiou Victor Gutenmacher Richard E. Hodel * C. H. J, Johnson * David B. Kirk 
* Wolfgang Gerisch * Martin M. Guterman * Jonathan P. E. Hodgson • Charles N. Johnson * Kelley H. Kirklin 

Hillel H. Gershenson • Richard K. Guy '' Robert D. Hofer D. Randolph Johnson * Philip G. Kirmser 
'' Murray Gerstenhaber * Wynne Alexander Guy * Jerome William Hoffman Daniel P. Johnson Masanori Kishi 
* Joseph L. Gerver Seymour Haber * Michael E. Hoffman * David Copeland Johnson Kouichi Kiyokawa 
* Margaret P. Gessaman Klaus Habetha Michael J, Hoffman • Donald G. Johnson * Sergiu Klainerman 
'' Daniel M. Giaimo • Wolfgang Hackenbroch * Detlev W. Hoffmann * George W. Johnson David S. Klatman 
* Charles H. Giffen Petros Hadjicostas Jorgen Hoffmann-Jorgensen • Guy Johnson Jr. John R. Klauder 
* David Gilbarg * Maria Emm Hadjinicolaou Samuel S. Holland Jr. * Harold H. Johnson Peter H. Kleban 

Michael D. Gilbert P. Frank Hagerty * Wayne James Holman III Jon L. Johnson Wolfgang H. Kliemann 
* Stephen P. Gill Lee 0. Hagglund * Charles S. Holmes Mark William Johnson Stanislav V. Klimenko 

Tepper L. Gill * Peter Hagis Jr. • Philip John Holmes • Norman W. johnson Mikhail H. Klin 
Richard M. Gillette Jim Haglund * Randall R. Holmes * Robert Shepard Johnson * Bradford Kline 

* David S. Gillman William D. Hahn * Richard B. Holmes Rodney W. Johnson Roland R. Kneece Jr. 
* Anthony A. Gioia Dawit Haile * Fred B. Holt P. T. Johnstone Frank B. Knight 

Andrew Michael Girard * Mark Haiman • Raymond T. Hoobler Cristian Joita * Julia Knight 
* Samuel Gitler • Richard Martin Hain * Jennifer L. Hopkins Eleanor Green jones Alan P. Knoerr 
* Earl C. Gladue * Andras Hajnal * j ean MacGregor Horn * Jeffrey P. Jones * Marvin I. Knopp 
* Michael S. Glass Douglas F. Hale Timothy J. Horrigan Vaughan F. R. Jones * John R. Knudsen 
* Sarah Glaz * Alfred W. Hales * John M. Horvath * William B. Jones * Max Albert Knus 
* Richard P. Goblirsch Allan S. Haley Alan L. Horwitz • Bjarni Jonsson Eungil Ko 
* J. D. Goddard Robert Joseph Halk • John M. Hosack Thordur Jonsson Ki Hyoung Ko 
* Gilles B. Godefroy Brian C. Hall Jim E. Hoste * Kirk E. Jordan Shigeru Kobayashi 

Kazirnierz A. Goebel Thomas Haller '' Eckehart Hotze! • Troels Jorgensen * Tsuyoshi Kobayashi 
David Goldberg Davar A. Hamadani James E. Householder * Joaquim J A. Judice * Yukio Kobayashi 
David Jacob Goldberg Emily Hamilton * Fredric T. Howard * Dan ]urea * Charles F. Koch 
Richard R. Goldberg William F. Hammond Henry C. Howard * Jeffry N. Kahn * Richard M. Koch 

* Seth I. Goldberg * David Handel David Howarth Yoshiaki Kakiichi * Peter Kohler 
Jerry Goldman * Herman Hanisch • J S. Hsia Agatha Kalhoff * Joseph J Kohn 

··· William Mark Goldman John L. Hank * John Hamal Hubbard • Albert Kasangu Kalinde * Kurt Siegfried Kolbig 
* Herman H. Goldstine * Beverly Bailey Hargraves • Verena Huber-Dyson Sofia Kalpazidou * R. J Kolesar 
* Michael Golomb * Bruno Harris * Archibald Perrin Hudgins N. ]. Kalton * Hikosaburo Komatsu 
* Martin Golubitsky Desmond]. Harris * Denise Huet Jerry Kaminker * Yasuo Komori 

Luis Arbey Gomez Gary A. Harris Lawrence R. Huff Jay Kaminsky * Ralph D. Kopperman 
* Jose Luis Gomez Pardo * Fred F. Harrop Louie C. Huffman * Herbert M. Kamowitz * Nicholas Jacob Korevaar 
* Kenneth R. Goodearl James L. Hartman Anne Hughes Pyung-Lyun Kang Antoni A. Kosinski 
* A. W. Goodman Juris Hartmanis • Mark E. Huibregtse * Richard A. Kanner Witold Kosinski 
* Roe W. Goodman William J, Harvey * Birge K. Huisgen-Zimmer- * Stanley Kaplan * Eric J. Kostelich 
• Mangalam R. Gopal Harold M. Hastings mann • Wilfred Kaplan Roman Kotecki• 

Donald R. Goral • Morisuke Hasumi '' George W. Hukle Thomas Kappeler P. Robert Kotiuga 
* Carolyn S. Gordon Adam O'Neill Hausknecht • james A. Hummel Hermann Karcher Daniel B. Kotlow 

Diana F. Gordon-Spears Jane Hawkins * james E. Humphreys • Martin Lewis Karel Manfred Kotter 
Henryk Gorecki • George E. Hay * Karen C. Hunt '' Janis Karklins Jerald]. Kovacic 

* Rudolf Gorenflo Tsuyoshi Hayashida * Walker E. Hunt * Brian J. Kasper Thomas Robert Kowalski 
Arthur D. Gorman • David R. Hayes * Beryl E. Hunte • Robert H. Kasriel * Yoshihiro Koya 

* Richard P. Gosselin * Melvin L. Heard Thomas J Hunter • Svetlana R. Katok * Irwin Kra 
'' John A. Goth Emmanuel Hebey • Marcel Hupperich • Victor J. Katz * Da11d P. Kraines 
* Rainer Gottfert * David A. Hecker Michael G. Hurley * Arthur Kaufman * Raymond F. Kramer Jr. 

Derrin S. Gottlieb G. J, Heckman • Jang C. Hwang Masasuke Kawasaki * Herbert C. Kranzer 
Claude Goutier William Allen Heider * John Jew-Chen Hwang Edward L. Keenan * Robert Krasny 

* Ronald A. Gove * Maurice H. Heins ,, Raul Ibanez * Anthony J, Keeping Dirk Kreimer 
* Ian Graham * Sigurdur Helgason Atsushi lmiya * james E. Keisler * Henry A. Krieger 
* Sidney W. Graham * Simon Hellerstein * Ettore Infante Charles Lewis Keller * Soren Kristensen 
'' Kevin A. Grasse • Henry Helson Ketill Ingolfsson '' Edward L. Keller * Gary R. Krumpholz 
* Jack E. Graver Robert L. Hemminger * Nancy Jane Ingram G. Maxwell Kelly Arthur H. Kruse 
* Larry K. Graves * Erik Hemmingsen * Ronald S. Irving Jerry S. Kelly * Tomasz Krzyzynski 
* Mary W. Gray John P. Hempel * Godfrey L. Isaacs * John B. Kelly * Masatake Kuranishi 

George Greaves • Judson Hendeiman Sumiko Itoh Stanley Kelly-Bootie Yoshiki Kurata 
Richard J, Greechie * Francis McVey Henderson • Tatsuo Itoh Jose A. Kelly-Chalas Robert P. Kurshan 
David Green Jr. • Leon A. Henkin Henryk Iwaniec * Edward S. Kennedy '' Herbert Kurss 

* James A. Green Ralph Henstock Ilhan M. Izmirli • Clement F. Kent * Douglas S. Kurtz 
Mark L. Green Christopher M. Herald * Eric Robert Jablow • George A. Kent John F. Kurtzke Jr. 

* William L. Green • Fernandez Teresa Hernandez • Uoyd K. Jackson • R. Keown John Kwan 
Ralph Greenberg * JesUs Hernandez * Henry G. jacob Eugene Thomas Kernan O·Hun Kwon 

* Curtis Greene James V. Herod '' William Burkley jacob • Sandria N. Kerr '' Thomas J, Kyrouz 
* Frederick P. Greenleaf * Joseph Hertzlinger Harold Jacobs Barney Kerrighan Jacques Labelle 
* Barry Greenstein * Georg Hetzer * Robert E. Jaffa • Joseph Keshishyan Christian D. LaBudde 
• Richard K. Greicar • Gloria C. Hewitt Stephane P. Jaffard ,, Barbara Lee Keyfitz Eric LacroL" 

Manoussos Grillakis * Robert L. Hicks Arthur M. Jaffe '' C. David Keys * Gerasimos Ladas 
Charles Grimm * Stephen R. Hilbert '' Naresh C. Jain • Rudger W. Kieboom jeanne LaDuke 
Raymond ]. Grinnell * Hugh M. Hilden '' Robert C. James Michael K. H. Kiessling Tao Kai Lam 

* Ian H. Grojnowski E. Stamford Hill II * James P. Jans Kazunori Kikuchi '' William A. Lampe 
Fred Gross • James Porter Hill * James S. Jantosciak Woojong Kim Peter Landrock 

* Leonard Gross * Shirley A. Hill Robert R. Jensen John E. Kimber Jr. '' Peter S. Landweber 
* Edward H. Grossman * Peter ]. Hilton * Charles H. Jepsen Clark Kimberling * Oscar E. Lanford Ill 
* Larry C. Grove • David M. Himmelblau * David Jerison * Tatsuo Kimura * William E. Lang 
'' Gerd Grubb * AJexandrou A. Himonas Arnold A. Johanson * Wilfred M. Kincaid * Leo J. Lange 

A. F. Gualtierotti Thomas E. Hinrichs Paul J. Johanson * Donald R. King * Carl E. Langenhop 
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AMS Contributions 

* J. Halcombe Laning George W. Lofquist • Raymond A. Mayer Jr. james Andrew Moore Hiroshi Onose 
David C. Lantz Mark J Logan • Rafe R. Mazzeo • Robert Laurens Moore • Yoshitsugu Oono 

* Michel L. Lapidus Walter L. Lok • Stephen J McAdam • Cathleen S. Morawetz Edward T. Ordman 
* Peter A. Lappan Jr. • Charles J. Lombardo • Byron Leon McAllister * Morris Morduchow • Jose Orihuela 
* Lawrence J Lardy • John M. Long • Michael J. McAsey • Marjorie A. Moretz • Martin Orr 

William j. Larkin III Patrizia Longobardi Dennis J. McCaughan • Frank Morgan Bent Orsted 
Bruce R. Larson • William C. Lordan • Gregory Loren McColm • Larry J Morley * Mason S. Osborne 
David R. Larson Michael P. Loss * Robert A. McCoy • L. E. Morris • Steve G. Oslon 

• Richard G. Larson Laszlo Lovasz • Marjorie Frost McCracken * Peter C. Morris • Barbara L. Osofsky 
* Margaret M. LaSalle • Sylvia Chin-Pi Lu • Patrick D. McCray • John A. Morrison Kevin E. Osondu 

jean-Michel Lasry * Tsu-Ming Lu * Paul W. McCree Jr. Burt J. Morse * Raymond E. Ozimkoski 
• Kee-Wai Lau • Milan N. Lukic Leon R. McCulloh • Joseph G. Moser * Istvan Ozsvath 
• George Laush * Eduardo A. Luna Dusa McDuff • Ronald G. Mosier David A. Page 
* john W. Lawrence • Eric E. Lund * 0. Carruth McGehee • Marvin G. Mundt • Lowell J Paige 
• H. Blaine Lawson Jr. • Albert T. Lundell Pete B. McGill * Hiroshi Murata • Helen L. Paisner 
• Walter R. Lawson Gregory M. Lupton Michael J. McGraw R. B. Murphy Emiliano Palacios-Silva 

Wayne M. Lawton • Norman Y. Luther • William D. Mcintosh Louis J Nachman * Trinidad Menarguez Palanca 
• Robert F. Lax Clement Henry Lutterodt * James H. McKay • Tadashi Nagano • Diethard Pallaschke 

Thomas E. Leathrum • Wilhelmus A. J Luxemburg * Thomas G. McKay Kenji N agasaka Donald G. Palmer 
• Marc A. Le Brun • Russell D. Lyons • Henry P. McKean Jr. • Alexander Nagel • John H. Palmieri 

Dong Hoon Lee • Gennady Lyubeznik • Robert W. McKelvey • Kuniaki Nakarnitsu • Nikolaos S. Papageorgiou 
Eva Kwok Yin Lee • John J MacDonnell • Lionel W. McKenzie • Kazumi Nakano • Taxiarchis Papakostas 
Sung-Jun Lee George B. Mackiw Richard L. McKinney • Masaomi Nakata • Francis D. Parker 

* Robert N. Leggett Jr. Nelson F. Maculan Brockway McMillan • Mie Nakata • Walter R. Parry 
Steven L. Lehman • James joseph Madden • Trevor J. McMinn • Isaac Narnioka • William L. Paschke 
Gustav I. Lehrer * Adolf Mader Robert B. McNeill • Kyu-Oh Narnkoong Pere Pascual-Gainza 

* Gerald M. Leibowitz T oshiaki Maeno • Robert C. McOwen Anthony C. Nance * Nicholas Passell 
• Cecil E. Leith Jr. • Kenneth D. Magill Jr. Samuel E. McReynolds Jr. james B. Nation • Henry J Passerini 
* Manoel Jose M. S. Lemos * Richard B. Magruder • Ralph D. McWilliams Toshikazu Natsume • Donald S. Passman 
• Laszlo Lempert * Kazem Mahdavi • John C. Meakin Bienvenido F. Nebres • John J. Pastor 
* H. W. Lenstra Jr. • Mehran Mahdavi Loren David Meeker Jindiich Nee as • Donald A. Patterson 

Kathryn E. Lenz Peckham • Franz Maier * Kurt Mehlhorn Joseph Neggers • Charles M. Patton 
* Hernan Leon • John C. Mairhuber David Meier Deborah K. Nelson • Siegfried H. R. Pawelke 
• Henry S. Leonard Jr. Mercede Maj * Morris J. Meisner Edward Nelson • Lawrence E. Payne 
* James I. Lepowsky Tetu Makino Karen Naomi Melton • Edward 0. Nelson Stanley E. Payne 

Raymond Leroide George Nick Makrakis * Robert V. Mendenhall • Christoph J Neugebauer • Robert G. Payton 
* Arthur S. Leslie • John Mallet-Paret • Jose M. R. Mendez-Perez Walter David Neumann Rachel H. Pearlman 

Edward S. Letzter * Dennis R. Maim Edward P. Merkes Paul Nevai Stephen C. Pearson 
Lisa Leung • David M. Malon • David M. Merriell Charles W. Neville Emily Mann Peck 

• William J LeVeque Helmuth R. Malonek Chikako Mese • Stuart M. Newberger Bruce B. Peckham 
Georges Le Vey • Giles W. Maloof * Richard C. Metzler • August Newlander Jr. Edward A. Pedersen 

* Harold Levine • Joseph S. Mamelak * Burnett C. Meyer • Charles M. Newman * Erik Kjaer Pedersen 
Jerome P. Levine Rogemar Sombong Mamon Helmut Meyer • Peter E. Ney Barry L. Peiffer 

• Robert J. Levit Kenneth L. Manders • Jean-Pierre G. Meyer • Ho KuenNg Mauricio Matos Peixoto 
'' joel Levy Pauline Mann-Nachbar • W. Weston Meyer john Dilwyn Ng Wong Hing • James F. Peluso 
• Douglas Lewan • Edward Manougian Lung -Chi Miao • Charles A. Nicol • Richard P. Pembroke 
• Andrew M. Lewis • Ralph Mansfield * Christian Michaux • Lance W. Nielsen * john W. Pennisten 
• H. L. Lewis Peter D. March * Leonede de-Michele • Viacheslav V. Nikulin Georgia Perakis 
• John B. Lewis * Margaret 0 . Marchand * David Middleton • Yasuichiro Nishimura * Sanford Perlman 
* L. Gaunce Lewis Jr. Michael B. Marcus Bernhard joerg Mieck Michio Nishioka • David Michael Perry 

Mark L. Lewis * Scott A. Markel • Marvin V. Mieike • Togo Nishiura * Peter A. Perry 
* Roger T. Lewis David E. Marker Michael H. Millar • Nobuo Nobusawa • Victor Pesta 
* William james Lewis * Thomas J. Marlowe Jr. Brian]. Miller * S. Nocilla • John E. Peters 
* James E. L'heureux Frederick R. Marotto • Ellen Rammelkamp Miller Tsugunori Nogura Justin R. Peters 

Sysh-Cherng Liang Carlos A. Marques Jack M. Miller Craig A. Nolder * Troels Petersen 
* Stephen Lichtenbaum • Edwin L. Marsden Jr. • Kenneth S. Miller Loyiso Gordon Nongxa • Gary L. Peterson 
* Elliott H. Lieb • Jerrold E. Marsden Thomas Len Miller Virginia A. Noonburg • john W. Petro 
• David I. Lieberman • David Imler Marshall Zevi Miller • Eric A. Nordgren Vahe Petrossian 

F. W. Light, Jr. Mario Umberto Martelli Kenneth C. Millett • F. Alexander Norman Daniel Phillips 
James H. Lightbourne III * Daniel Martin • Janet E. Mills • james D. Nulton * Paul Frederick Pickel 

* Shen Lin • Donald A. Martin * William H. Mills • Roger D. Nussbaum Don L. Pigozzi 
Wen-Hsiung Lin George E. Martin Kazuhiko Minami Helena E. Nusse Olli-Pekka Piirila 
Georg Lindgren John R. Martin * Ray Mines Duane Q. Nykamp Alejandro M. Pilato 

• Peter A. Linnell Brian Richard Martinicky Michael A. Miniere Sheila Oates-Williams Anand Pillay 
* Sally Irene Lipsey John W. Marvin Maung Min-Oo • Mario Obata Wilfred James Pinchin 

Robert]. Lipshutz • Bernard Maskit Milton A. Mintz • Francis G. O'Brien Henry C. Pinkham 
H. David Lipsich • Robert M. Mason Rick Miranda • Serge Ochanine Allan M. Pinkus 
William G. Lister • Andrew]. Matchett • Norman D. Mirsky * Andrew M. Odlyzko • Mark A. Pinsky 
Kay P. Litchfield AttilaMate Madjid Mirzavaziri Joel A. O'Donnell • George Piranian 

• john B. Little • John Norman Mather Ilya D. Mishev • Robert H. Oehrnke • Gilles Pisier 
• Leigh J. Little • Frank H. Mathis * Michal Misiurewicz Christopher D. Oehrlein Arnold K. Pizer 
* Robert D. Little * john-Anton Charles Matovsky Charles W. Misner • Andrew P. Ogg • Donald L. Plank 

jung-Chen Liu • Arthur P. Mattuck • Stephen Ames Mitchell • Frank Okoh • Daniel Plotnick 
Tsai-Sheng Liu Gerard A. Maugin Nikolai V. Mitskievich Antonio Olimpio Jr. • john William Poduska Sr. 
Xiaoyan Liu • R. Daniel Mauldin Lothrop Mittenthal Robert F. Olin • Milja-Riitta Poe 
Zhaorong Liu • Robert G. Maule !eke Moerdyk Loren D. Olson • Libor Polak 

* Albert E. Livingston Christopher P. Mawata Michael G. Molinsky Kevin C. O'Meara • John C. Polking 
Rafael de Ia Llave Herman Mawengkang J Donald Monk • 0. Timothy O'Meara • Harriet S. Pollatsek 
Enrique Llorens-Fuster • Farley Mawyer • Peter L. Montgomery Philip J. O'Neil John A. Poluikis 

• Stuart P. Lloyd John E. Maxfield Richard W. Montgomery Barrett O'Neill Paul Ponomarev 
Warner Lo J Peter May Barbara B. Moore • Takashi Ono Aleksey Popelyukhin 
William La John C. Mayer • Hal G. Moore Yoshie Ono Horacia A. Porta 
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AMS Contributions 

._, Kathryn Frost Porter '' John Roe Augusta L. Schurrer * John R. Sorenson Daniel Louis Tancreto 
Willis B. Porter jonathan Rogawski * Seymour Schuster Frank Sottile • Hwa Tsang Tang 
Tim Poston Hartley Rogers Jr. '' Charles Freund Schwartz George W. Soules * David S. Tartakoff 

'' C. Spencer Powell * David E. Rohrlich jacob T. Schwartz Gunnar Sparr * Leon H. Tatevossian 
·• Gopal Prasad * judith Roitman Laurent Schwartz * Edward]. Specht * John Tavantzis 
* Dean L. Preston Amos Ron Binyamin Schwarz Dennis Spellman * Michael D. Taylor 
* Justin J, Price Mehmet Rona • Gerald W. Schwarz .. , joel H. Spencer " Michael E. Taylor 

David S. Protas William L. Root Willi Schwarz * Thomas Crawford Spencer * S. James Taylor 
Stephane Puechmorel * Jean-Pierre Rosay • Michael ]. Schwietzer * Stephen E. Spielberg-ln * Leandro AJkmim Teixeira 
Alfred L. Putnam " Nicholas ]. Rose * Peter Scott Memory of Janice Roe * Silviu Teleman 

* Hermes Augusto Puyau * Robert A. Rosenbaum Ridgway Scott john]. Spitzer RogerTemam 
D. A. Quarles Jr. Jonathan M. Rosenberg '' john F. Scott-Thomas David A Sprecher * Antonio G. B. Teolis 

'' Michael F. Quinn * Steven Rosenberg Anthony Karel Seda Maryrose L. Spriggs * Chuu-Lian Terng 
Richard A. Quint Gerald Rosenfeld Peter Seibert * David H. Spring jean Marc Terrier 

·• Paul H. Rabinowitz * Ronald L. Rosenfeld * Howard A Seid Joel Spruck Paul M. Terwilliger 
Andrew J. Radcliffe John Rosenknop * George B. Seligman Michael J. Spurr * Andrew ]. Terzuoli 

* Cary Baker Rader Roger D. Rosenkrantz * Mark L. Seligman Richard H. Squire * Edward C. Thoele 
* Gregory Rajewski * Eric S. Rosenthal * Stuart A Seligson * RamP. Srivastav * Elmar H. Thoma 

Yves Rakotondratsimba Guido A. Rossi Steven 0. Senger '' Hellmuth Stachel Ben Thomas 
Louis B. Rail Adrian S. Roth * Mohamed W. I. Sesay * Ross E. Staffeld! Diana M. Thomas 
Dinakar Ramakrishnan * Richard L. Roth Arjen Sevenster '' J. T. Stafford • Erik G. F. Thomas 
Melapalayam S. Ramanujan * Christel Rotthaus Robert E. Seydel Jr. * James D. Stafney * Lawrence E. Thomas 

·-• Arlan B. Ramsay Fred Roush Peter B. Shalen * Saul Stahl Layton 0. Thompson 
George N. Raney * Cecil C. Rousseau * Patrick Shanahan * Friedemann W. Stallmann John F. Thorne III 

'' R. Michael Range Jeffrey B. Rowe john T. Sharpton * William L. Stamey john A. Thorpe 
Samuel Murray Rankin III * Emilio 0. Roxin Banavara N. Shashlkanth Lee James Stanley Robert M. Thrall 
Stuart A. Rankin '' james Samuel Royer * StephenS. Shatz Charles S. Stanton Edward G. Thurber 
Mohammed Raouyane '' Melvin Glenn Royer William R. Shaul Sheldon H. Stark Jr. Myles Tierney 

* Wayne Mark Raskind Wimberly C. Royster '' Guy B. Shaw Orestes N. Stavroudis Heinz G. Tillmann 
Craig W. Rasmussen '' Zalman Rubinstein Maynard W. Shelly Stefano T. Stefani Fabian Todor 

* Tudor Stefan Ratiu Mark Rudelson * Zhongwei Shen Aneta Stefanovska '' Kathryn B. Toll 
'' Clifford L. Ratza Bernard D. Rudin * Chlng-Kuang Shene Arthur Steger • N. Tomczak-Jaegermann 

John Rausen '' Mary E. Rudin Michael Sherban '' Sherman K. Stein * Eugene R. Tomer 
Don Paul Rawlings * Walter Rudin * Nobuo Shimada * Leon Steinberg ,, Mary Powderly Tong 

* Maxwell 0. Reade * Richard w. Rudolph T. Shlntani * Charles I. Steinhorn Fred Torcaso 
* Douglas C. Reber W. Ruess '' Yasushi Shizuta Frank Stenger '' Norman Wesley Torgerson 

Don Redmond * Robert S. Rumely '' S. W. Williston Shor Ellen M. Stenson Nicolo Goodrich Torre 
Bruce E. Reed Hans-]. Runckel * Steven E. Shreve * Theodor D. Sterling • Craig A Tracy 
Coke Stevenson Reed * Daniel P. Runyan Chi-Wang Shu * Ronald J, Stern Charles R. Traina 
Robert E. Reed * Bernard Russo ,, Staniey R. Shubsda Jr. T. Christine Stevens * William R. Transue 

* Christopher L. Reedy David James Ryden * David S. Shucker jurgen Olivier Stigler • Selden Y. Trimble 
* David E. Reese * David Ryeburn * Ernest E. Shult Ernest L. Stitzinger Marc Troyanov 

UlfRehmann * Anthony Sacremento ·• M. Vali Siadat * Paul K. Stockineyer " Kaz6 Tsuji 
James Reichwein Youichf Saigusa * J. Sichler * H. Christine B. Stokes Howard G. Tucker 
Les Reid * Habib Salehi * Stuart j. Sidney * Russell A. Stokes Bryant Tuckerman 
Michael Reid * Anita J. Salem Martha J, Siegel * Kenneth B. Stolarsky '' F. ]. Turiel 
james F. Reineck * Christopher L. Samelson Paul H. Siegel • Wilhelm F. Stoll * Ed ward C. Turner 
Irma M. Reiner Fernando Jose Sanchez Salas Geraldo Nunes Silva * Stephan A. Stolz James C. Turner 

'' John H. Reinoehl * Robert W. Sanders ·• Evelyn Marie Silvia Alexander P. Stone Rebecca C. Tyson 
Robert B. Reise! C. Edward Sandifer Carles Sim6 H. A Stone * Yoshiaki Ueno 
Peter A. Rejto Mary R. Sandoval * Anne-Marie Simon * Lawrence D. Stone j. Jerry Uhl Jr. 

* Richard S. Rempel Alyssa F. Sankey * Lloyd D. Simons Emil J, Straube * Ernst R. Unger 
'' Guillermo Restrepo * Angel San Miguel T. E. Simas * Walter A. Strauss * Harald Upmeier 
·• Vladimir Retakh Pierre David Saphar Daniel Simpson George E. Strecker * john A. W. Upton 

tvlichael Bela Revesz * Donald E. Sarason * Jakov G. Sinai Robert S. Strichartz * Jesus Urias 
Robert J. Reynolds * Chelluri C. A Sastri * Michael F. Singer G. Ralph Strohl Jr. Cornelis J. Van Duijn 
Kenneth A Ribet * Stanley A Sawyer Hebertt J. Sira-Ramirez Jeffrey Dean Stroomer * Bert Van Geemen 
Stephen J. Ricci Richard C. Scalzo • Candido Sitia • Mark A Sturza * Roger Van Keer 
Henry G. Rice * Bruno J, Scarpellini Stephen G. Skeels * Bernardo Suarez * Donovan H. Van Osdol 
Norman ]. Richert Giambattista Scarpi * David Sklar Piotr Suchomski * A. H. VanTuyl 

'' John H. Rickert * Juan Jorge Schaffer * David L. Skoug '' Mitsuo Sugiura Fred S. Van Vleck 
Eleanor G. Rieffel Richard L. Schauer * William T. Sledd Nobuyuki Suita * S. R. S. Varadhan 
Robert D. Rigdon * Samuel Schechter Lynne Barnes Small * John W. Summers * Francis H. Varina 
Pete E. Riley * Gideon Schechtman * Frank D. Smith Jr. '' P. Sundar Werner Varnhorn 

* Gerhard Ringel * Vladimir Scheffer George Rowan Smith D. Sundararaman Janet Trzcinski Vasak 
* Jose Rio Ernest C. Schlesinger Karen E. Smith * Lawrence A. Susanka Andras Vasy 
·• Craig William Roberts '' Dirk Schlingmann Perry Smith Myron M. Sussman Sjoerd M. Verduyn Lunel 

Joel L. Roberts * james H. Schmerl * Richard A. Smith * Hector j. Sussmann Michele Vergne 
* joseph B. Roberts Leopold K. Schmetterer * Wayne Stewart Smith Mami Suzuki Erik I. Verriest 

Lois J. Roberts '' Josef Schmid • Wilbur L. Smith * Ralph Eugene Svetic * Michael Voichick 
Michael Roberts * Wilfried Schmid '' Joel A. Smaller James J, Swanek '' Dan Voiculescu 

'' Daniel A. Robinson * DieterS. Schmidt Ernst Snapper * William ]. Sweeney * Paul A. Vojta 
E. Arthur Robinson Jr. ·• Harvey j. Schmidt Jr. Vaclav Snasel * Wojciech Szatzschneider * Eldon ]. Vought 

·.> Marko Robnik * Henry]. Schmidt Jr. Robert I. Soare Mabel Szeto * jan Vrbik 
AJan J. Roche '' Franz ]. Schnitzer ·• Bernard Sohmer Stephen D. Szydlik ·.> Hidekazu Wada 
David M. Rocke * Bertram M. Schreiber ·-• Siavash H. Sohrab * Earl J. Taft * Diane M. Wagner 

* Todd D. Rockhold * Alexander Schrijver Alexander M. Soiguine Mitchell H. Taibleson John B. Wagoner 
Pedro Martins Rodrigues * M. Schroder * Emilio del Solar-Petit * Lajos F. Takacs * Stephen Wainger 
Mario G. Rodriguez * Norman L. Schryer Bruce Solomon * Shuichi Takahashi John Wainwright 
Jose Edilberto Rodriguez John Schue ·• Anthony E. Solomonides * Kyoichi Takano * David B. Wales 
Cervera * Werner Schuett jeffrey Elliott Solski Yoshinori Takei * Homer F. Walker 
Jose Rodriguez-Exp6sito Paul E. Schupp Alexia Henderson Sontag ft Hisao Tanaka * Peter Leslie Walker 
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AMS Contributions 

• John Thomas Walsh 
Gilbert G. Walter 

• John H. Walter 
• Wolfgang L. Walter 

Hans Ulrich Walther 
Baoxiang Wang 

• Hsiao-Lan Wang 
• PaulK. C. Wang 
• Evelyn K. Wantland 
• Lesley A. Ward 
• Buck Ware 
• Frank W. Warner III 
• Seth L. Warner 
* Robert L. Warnock 
* Bette L. Warren 

Arthur G. Wasserman 
Robert H. Wasserman 

• Michiaki Watanabe 
• ShOji Watanabe 
• William C. Waterhouse 
• DavidS. Watkins 
• Mark E. Watkins 

David K. Watson 
• Antoni Wawrzyilczyk 
• Peter Charles Waylen 

Michael R. Weatherly 
George E. Weaver 
Glenn F. Webb 

• ]ames S. Weber 
John William Weber 
Lawrence R. Weill 

* Hans F. Weinberger 
Jerome H. Weiner 

• Joel L. Weiner 
• Norman]. Weiss 
• Richard M. Weiss 

John Weissman 
* ]on A. Wellner 
* David M. Wells 
* Raymond 0. Wells ]r. 
• Gerald E. Welters 

David V. v. Wend 
• Gregory P. Wene 
* Henry C. Wente 
• Elisabeth Werner 

Robert]. Wernick 
• Ellen Westheimer 

U. Westphal-Schmid! 
* john E. Wetzel 

John Joseph Whitaker 
* Alvin M. White 
• Arthur T. White 
• Edward C. White ]r. 
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NeilL. White 
• George W. Whitehead 
• Kathleen B. Whitehead 
• Andrew P. Whitman 

Geoffrey Peter Whittle 
Brian Joseph Wickman 

• Roger A. Wiegand 
Sylvia Margaret Wiegand 
Stephen R. Wiggins 
Volker Wihstutz 

• john F. Willcinson 
• Alfred B. Willcox 

David A. Williams 
Lawrence R. Williams 
Charles K. Williamson 

• Susan Williamson 
• Richard Wilson 
* Robert L. Wilson 
• Robert Lee Wilson 

George Washington Wimbush 
• John W. Wingate 
• Eric ]. Wingler 

Izaak Wirszup 
* Heinz-Wolfgang Wissner 

Sarah ]. Witherspoon 
* Edward Witten 
• Louis Witten 

]an Wolenski- In Memory of 
Adolf Lindenbaum 
Peter John Wolfenden 
jacques Wolfmann 

• Elliot S. Wolk 
Gail S. K. Wolkowicz 

* Stephen Wollman 
* Scott A. Wolpert 

]ames S. W. Wong 
Alastair D. Wood 

* jay A. Wood 
• George V. Woodrow III 
* David G. Wright 

David ]. Wright 
Jeffrey H. Wright 
Bostwick F. Wyman 

• Alun Wyn-]ones 
]ia GuXu 
Yusof Bin Yaacob 

* Tatsuhiko Yagasaki 
* Hiro-Fumi Yamada 

Seiichi Yamaguchi 
• Kiyosi Yamaguti 

Masao Yamazaki 
Minoru Yanagawa 
Paul C. Yang 

* Michael Yanowitch 
* Fawzi M. Yaqub 

David L. Yarmush 
Shing-Tung Yau 

* David H. Y. Yen 
• ]. Michael Yohe 

Yosef N. Yomdin 
• Bertram Yood 
• Ken-Ichi Yoshihara 
* Paul M. Young 
• Noriko Yui 

Ion Zaballa 
Charles T. Zahn 
Michael Zakharevich 

• Nobuo Zama 
• Jean-Claude Zambrini 

Stefan Zarea 
• Karl Zeller 

Yong Zhang 
Zvi Ziegler 
Philip W. Zipse 

* David E. Zitarelli 
Reza Zomorrodian 

• Steven M. Zucker 
• Gregg]. Zuckerman 
• John A. Zweibel 

Paul F. Zweifel 
Anonymous (148) 

CONTRIBUTORS 
* Dan Abramovich 
• Daniel S. Alexander 

Dale E. Alspach 
Erik Andersen 
Pablo Azcue 
Klaus Barner 

• ]. Thomas Beale 
• Robert D. Bechtel 
* William A. Beck 
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AMERICAN MATHEMATICAL SOCIETY 

. Editorial · Position 

Notices of the American Mathematical Society 

Applications and nominations are invited for the position of Editor of the 

Notices of the American Mathematical Society, to commence with the January 

2004 issue. The Society seeks an individual with strong mathematical 

research experience, broad mathematical interests, and a commitment to 

communicating mathematics in a wide range of levels to a diverse audience. 

The applicant must demonstrate excellent written communication skills. 

The Editor has editorial responsibility for a major portion of the Notices within 

broad guidelines. The goal of the Notices is to serve all mathematicians by 

providing a lively and informative magazine containing exposition about 

mathematics and its history, news about contemporary mathematics and 

mathematicians, and information about the profession and the Society. 

The Editor is assisted by a board of Associate Editors, nominated by the 

Editor, who help to fashion the contents of the Notices and solicit material for 

publication. AMS staff in Providence carry out production support, as well as 

some staff writing. The Editor will operate from his or her home institution 

with part-time secretarial support. In order to begin working on the January 

2004 issue, some editorial work would begin early in 2003. 

Nominations and applications (including curriculum vitae; bibliography; and 

name, address, and phone number of at least two references) should be sent 

by August 15, 2002, to: 

Dr. John Ewing 

American Mathematical Society 

201 Charles Street 

Providence, RI 02904 

The American Mathematical Society is·an Equal Opportunity Employer. 



Gf.orge David Birkhoff Prize 

J---&-l-lo<l''nk Nelson Cole Prize in Algebra 
eyi_l. Conant Prize 

1---f-UL'oh.. Lyttle Satter Prize 

The selection committees for these prizes request nominations for 
consideration for the 2003 awards, which will be presented at the Joint 
Mathematics Meetings in Baltimore, MD, in January 2003. Information 
about most of these prizes may be found in the November 200 I 
Notices, pp., 1211-1223. (Also available at http://www.ams.org/ 
secretary/prizes.html) 

The George David Birkhoff Prize is awarded jointly by the AMS and 
SIAM for an outstanding contribution to applied mathematics in its 
highest and broadest sense. The award was first made in 1968 and 
usually has been presented every fifth year since then, but future 
awards will be made on a three-year cycle. 

The Frank Nelson Cole Prizes are now presented at three-year inter
vals for outstanding contributions in algebra and number theory. The 
award in January 2003 will be the Frank Nelson Cole Prize in Algebra. 

The Levi Conant Prize, first awarded in January 200 I, is presented 
annually for an outstanding expository paper published in either the 
Notices or the Bulletin of the American Mathematical Society during the 
preceding five years. 

The Ruth Lyttle Satter Prize is presented every two years in recogni
tion of an outstanding contribution to mathematics research by a 
woman during the previous five years. 

Nominations should be submitted to the secretary, Robert J. 
Daverman,American Mathematical Society, 312D Ayres Hall, University 
of Tennessee, Knoxville TN 37996-1330. Include a short description 
of the work that is the basis of the nomination, with complete biblio
graphic citations.A brief curriculum vita should be included for all 
nominees. The nom inations will be forwarded by the secretary to the 
appropriate prize selection committee, which will make final decisions 
on the awarding of the prizes. 

Deadline for nominations is June 30, 2002. 



AMERICAN MATHEMATICAL SOCIETY 

E~ H~ MOORE 
Research Article Prize 
At its meeting of January 2002, the AMS Council approved the establish-· 
ment of a new award called the E. H. Moore Research Article Prize. It is 

' to be awarded every three years for an outstanding research article to 
have appeared in one of the AMS primary research journals (namely,. 
the journal of the AMS, Proceedings of the AMS, Transactions of the 
AMS, AMS Memoirs, Mathematics of Computation, Electronic , 
journal of Conformal Geometry and Dynamics, and Electronic 
journal of Representation Theory) during the six calendar years ·· 
ending a full year before the meeting in which the prize is 
awarded. 

Among other activities, E. H. Moore founded the Chicago 
branch of the AMS, served as the Society's sixth president 
(1901-2), delivered the Colloquium Lectures in 1906, and 
founded and nurtured the Transactions of the American 
Mathematical Society. The name of the prize honors his extensive 
contributions to the discipline and to the Society. 

The Moore Prize Selection Committee requests nominations. for the 
initial award, which will be presented at the Joint Mathematical . · 
Meetings in Baltimore, MD, in January 2003. To be specific,· papers 
published in one of the journals named in the first paragraph during the 
years 1996-2001 are considered eligible for the 2003 award. . 

Nominations should be submitted to the secretary, Robertj. Baverman, 
American Mathematical Society, 3120 Ayres Hall, University of 
Tennessee, Knoxville TN 37996-1330. Include a short 
description of the work that is the basis of the nomination, 
with complete bibliographic citations. A brief curriculum 
vita should be included for all nominees. The nomina
tions wi II be forwarded by the Secretary to the prize 
selection committee, which will make final decisions 
on the awarding of this prize. 

Deadline for nominations is June 30, 2002. 



....... Now published by Kluwer Academic Publishers ..... . 

The Mineralogical Society Series 

HIGH-TEMPERATURE METAMORPHISM AND CRUSTAL ANATEXIS 
IJ.R. Ashworth IM. Brown 
THE MINERALOGICAL SOCIETY SERIES 2 
1990 I Hardbound I 384 pp. 
ISBN 0-0-4445721-9 I EUR 180.00 I USD 185.00 I GBP 96.75 

STABILITY OF MINERALS 
G.D. Price IN.L. Ross 
THE MINERALOGICAL SOCIETY SERIES 3 
1993 I Hardbound I 384 pp. 
ISBN 0-412-44150-0 I EUR 225.50 I USD 231.50 I GBP 121.25 

GEOCHEMISTRY OF CLAY-PORE FLUID INTERACTIONS 
D.A.C. Manning IP.L. Hall IC.R. Hughes 
THE MINERALOGICAL SOCIETY SERIES 4 
1993 I Hardbound I 448 pp. 
ISBN 0-412-48980-5 I EUR 275.00 I USD 284.00 I GBP 150.75 

MINERAL SURFACES 
D.J. Vaughan /R.A.D. Pattrick 
THE MINERALOGICAL SOCIETY SERIES 5 
1994 I Paperback I 384 pp. 
ISBN 0-412-56340-1 I EUR 79.50 I USD 82.00 I GBP 42.75 

MICROPROBE TECHNIQUES IN THE EARTH SCIENCES 
Philip J. Potts /John F. W. Bowles /Stephen J.B. Reed /Mark R. Cave 
THE MINERALOGICAL SOCIETY SERIES 6 
1995 I Paperback I 432 pp. 
ISBN 0-412-55100-4 I EUR 134.50 I USD 113.50 I GBP 72.75 

RARE EARTH MINERALS 
Chemistry, Origin and Ore Deposits 
Adrian P. Jones !Frances Wall !C. Terry Williams 
THE MINERALOGICAL SOCIETY SERIES 7 
1996 I Paperback I 384 pp. 
ISBN 0-412-61030-2 I EUR 79.50 I USD 82.00 I GBP 42.75 

DEFORMATION-ENHANCED FLUID TRANSPORT IN THE EARTH'S CRUST 
AND MANTLE 
Marian 8 . Holness 
THE MINERALOGICAL SOCIETY SERIES 8 
1997 I Hardbound I 352 pp. 
ISBN 0-412-75290-5 I EUR 144.00 I USD 148.50 I GBP 78.50 

30% discount only for members of 
The Mineralogical Society of Great Britain and Ireland 

P.O. Box 322, 3300 AH Dordrecht, The Netherlands, E-mail orderdept@wkap.nl 
P .O. Box 358, Accord Station, Hingham, MA 02018-0358, U.S.A., E-mail k l uwer@wkap.com 



Mathematics Calendar 
The most comprehensive and up-to-date Mathematics Calendar 

information is available one-MATH at 
http :llwww . ams .orglmathcall. 

May 2002 

'' 4-6 PIMS Thematic Programme on Selected Topics in Mathemat
ical and Industrial Statistics, Workshop on the Role of Statistical 
Modelling in the 21st Century, PIMS, Simon Fraser University, 
Burnaby, British Columbia, Canada. 
Organizers: R. Lockhart and C. Dean (SFU) and P. Guttorp (Univ. of 
Washington). 
Description: This workshop will bring together leading practi
tioners and philosophers of scientific, Bayesian, and frequentist 
modelling statistics with leading researchers in model assessment, 
validation, and goodness-of-fit. The goals are to identify opportu
nities and challenges for model development and criticism and to 
begin to outline approaches to assessment of complex models. 
Contact: pims@pims . math. ca. 
Information: For further details, see http: I lwww . pims .math. cal 
statsl . 

'' 6-10 Advanced Concentrated Course on Long Range Depen
dence, Heavy Tails and Rare Events with Applications to Finance 
and Telecommunications, University of Cop enhagen, Denmark. 
Lectures: Main lectures by G. Samorodnitsky (Cornell Univ.). 
Further lectures by S. Asmussen (Lund), P. Albin (Chalmers), M. 
Taqqu (Boston), and B. Zwart (INRIA). 
Organizers: T. Mikosch (Copenhagen), mikosch@math . ku . dk and 
M. Soerensen (Copenhagen), michael@stat. ku. dk. 
Information: Visit the website at: http: I lwww . maphysto. dkl 
eventsi LongRange2002l . 

'' 11-1 9 1st PIMS School of Mathematical Biology for Senior 
Undergraduates, University of Alberta, Alberta, Canada. 

This section contains announcements of meetings and conferences 
of interest to some segment of the mathematical public, including ad 
hoc, local, or regional meetings, and meetings and symposia devoted 
to specialized topics, as well as announcements of regularly scheduled 
meetings of national or international mathematical organizations. A 
complete list of meetings of the Society can be found on the last page of 
each issue. 
An announcement will be published in the Notices if it contains a call 
for papers and specifies the place, date, subject (when applicable), and 
the speakers; a second announcement will be published only if there 
are changes or necessary additional information. Once an announcement 
has appeared, the event will be briefly noted in every third issue until 
it has been held and a reference will be given in parentheses to the 
month, year, and page of the issue in which the complete information 
appeared. Asterisks (*) mark those announcements containing new or 
revised information. 
In general, announcements of meetings and conferences held in North 
America carry only the date, title of meeting, place of meeting, names of 
speakers (or sometimes a general statement on the program), deadlines 
for abstracts or contributed papers, and source of further information. 
Meetings held outside the North American area may carry more detailed 
information. In any case, if there is any application deadline with 

Instructors: M. Lewis, T. Hillen, G. de Vries, and M. Li (Univ. of 
Alberta). 
Brief Description: The aim of this summer school is to introduce 
students to mathematical modeling and analysis applied to real 
biological systems. 
Contact: R. Bechtel at rbechtel@ualberta . ca. 
Information: http : I l pims. math . ualberta . calmathematics_of _ 
biological_system .htm. 

'' 1 2-1 8 PIMS Thematic Programme on Selected Topics in Math
ematical and Industrial Statistics, International Conference on 
Robust Statistics (ICORS 2002), University of British Columbia, 
Vancouver, British Columbia, Canada. 
Brief Description: This conference will b e a forum for new 
developments and applications of robust statistics and statistical 
computing. Experienced researchers and practitioners, as well as 
younger researchers, will com e together to exchange knowledge 
and to build scientific contacts . The conference will center on 
methods designed for processing large datasets of uneven quality 
(databases containing outliers, gross errors , missing data, etc.). 
This conference expects to touch upon many different aspects of 
data analysis in a fashion which integrates theoretical and applied 
statistics. 
Organizers: L. Fernholz (Temple Univ.), U. Gather (Dortmund), C. 
Field (Dalhousie), and R. H. Zamar (UBC). 
Information: Contact ruben@stat . ubc . ca or visit http : I lwww. 
pims . math . calstatsl. 

.., 14-19 2002 EAGER Advanced School in Algebraic Geometry: 
Cycles on Varieties, Grand Hotel Bellavista, Levico Terme, Trento, 
Italy. 

respect to participation in the meeting, this fact should be noted. 
All communications on meetings and conferences in the mathematical 
sciences should be sent to the Editor of the Notices in care of the American 
Mathematical Society in Providence or electronically to notices@ams. org 
or mathcal@ams. or g. 
In order to allow participants to arrange their travel plans, organizers of 
meetings are urged to submit information for these listings early enough 
to allow them to appear in more than one issue of the Notices prior to 
the meeting in question. To achieve this, listings should be received in 
Providence six months prior to the scheduled date of the meeting. 
The complete listing of the Mathematics Calendar will be published 
only in the September issue of the Notices. The March, June, and 
December issues will include, along with new announcements, references 
to any previously announced meetings and conferences occurring within 
the twelve-month period following the month of those issues. New 
information about meetings and conferences that will occur later than 
the twelve-month period will be announced once in full and will not be 
repeated until the date of the conference or meeting falls within the 
twelve-month period. 
The Mathematics Calendar, as well as Meetings and Conferences of 
the AMS, is now available electronically through the AMS website on the 
World Wide Web. To access the AMS website, use the URL: http: I lwww. 
ams .orgl. 
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Scientific Organizer: G. Bolondi, Milano. 
Short Courses: Will be held by H. Clemens (Salt Lake City) and C. 
Voisin (Paris). 
Information: Available at http: I lwww. science . uni tn. i tl cirml 
schooleagerprog02 . html. 

'' 1 5-1 7 DIMACS Workshop on Cryptographic Protocols in Com· 
plex Environments, DIMACS Center, Rutgers University, Piscat
away, NJ 
Sponsors: DIMACS Center. 
Contacts: R. Ostrovsky, Telcordia Technologies, raf ail@research. 
telcordia . com. 
Local Arrangements: J. Theimann, DIMACS Center, jennifer@ 
dimacs. rutgers. edu, tel: 732-445-5928. 
Short Description: This workshop is aimed at bringing together 
experts on topics related to the design of cryptographic multiparty 
protocols to present their on-going work, survey previous work, 
and discuss future research directions, with strong emphasis on the 
design, analysis, and implementation of protocols that maintain 
their security in complex adversarial environments and in particular 
on the Internet. 
Information: http : I ldimacs. rutgers . eduiWorkshopslindex. 
html. 

* 1 8 9th Annual East Coast Computer Algebra Day (ECCAD 2002), 
LaGuardia Community College, Long Island City, New York. 
Themes: Algebraic algorithms; hybrid symbolic-numeric com
putation; computer algebra systems and generic programming; 
mathematical communication; complexity of algebraic problems. 
Information: You can preregister and get more information by 
visiting our World Wide Web site at http : I lwww . lagcc . cuny . edul 
MathematicsiECCAD2002I. 

* 18-23 5th PIMS Graduate Industrial Math Modelling Camp, 
Simon Fraser University, Burnaby, British Columbia, Canada. 
Organizers: J. Maki (Univ. of Alberta), C. Bose (Univ. of Victoria), R. 
LeVeque (Univ. of Washington), H. Huang (York Univ.), M. Paulhus 
(Univ. of Calgary), M. Trummer (Simon Fraser Univ.), I. Frigaard 
(Univ. of British Columbia). 
Description: The GIMMC is the first leg of the PIMS Industrial 
Mathematics Forum which also includes the PIMS Industrial Problem 
Solving Workshop (IPSW6) to be held at the Univ. of British Columbia, 
May 27- 31, 2002. 

The Graduate Mathematics Modelling Camp is designed to give 
graduate students in the Mathematical Sciences an opportunity to 
learn techniques of mathematical modeling under the supervision 
and guidance of experts in the field. 

In a first session, the mentors will present the problems, and 
for the remainder of the week, they will each guide a group of 
graduate students through to a resolution, culminating in a group 
presentation and a written document at the end of the week. 

The workshop is a preparation for the following IPSW at UBC, 
and financial support for graduate students is contingent upon 
their attending both events. Students should arrange for a letter 
of recommendation from their supervisor. 
Contact: sfu@pims . math. ca. 
Information: For further details, see http: I lwww. pims. math. cal 
industriall2002lgimmcl. 

* 1 9 Short Course Prior to Conference on Optimization, Westin 
Harbour Castle Hotel, Toronto, Canada. 
Organizers and Information: Numerical Optimization-Algorithms 
and Software Organizer: R. Vanderbei, Princeton Univ., Co
instructors: R. Vanderbei, Princeton Univ.; D. F. Shanno, Rutgers 
Univ.; and H. Y. Benson, Princeton Univ.; Automatic Differentiation 
Organizer: A. Griewank, The Inst. of Scientific Computing (IWR), 
Co-instructors: A. Griewank, The Inst. of Scientific Computing (IWR); 
U. Naumann, INRlA; and A. Walther, Tech. Univ. Dresden. 
Information: Contact: meetings@siam. org. 

'' 20-2 2 SIAM Conference on Optimization, Westin Harbour Castle 
Hotel, Toronto, Canada. 
Description: The field of optimization involves a powerful combi
nation of theoretical analysis, algorithm and software development, 
and scientific computing. The practical scope and utility of op
timization continues to grow. The Seventh SlAM Conference on 
Optimization will address the most important recent advances 
in linear, nonlinear, and discrete optimization. The meeting will 
feature the latest research in algorithms and software for the 
solution of optimization problems. It will also feature important 
applications of optimization in control, networks, manufacturing, 
medicine, finance, aeronautical engineering, operations research, 
and other areas of science and engineering. The conference will 
bring together mathematicians, operations researchers, computer 
scientists, engineers, and software developers. 
Information: Contact: meetings@siam . org. 

'' 20-24 Fourth Seminar on Stochastic Analysis, Random Fields 
and Applications; Fourth Minisymposium on Stochastic Methods 
in Financial Models, Centro Stefano Franscini, Ascona, Switzerland. 
Organizers: R. Dalang, EPFL (Switzerland); M. Dozzi, Univ. Nancy 
2 (France); and F. Russo, Univ. Paris 13 (France). 
Information: http: I lwww-math.math . univ-paris13 .fr ;-russol 
Ascona02. html. 

* 21-24 International Conference on Modern Algebra, Vanderbilt 
University, Nashville, Tennessee. 
Description: The conference honors the 60th birthday of Ralph 
McKenzie and is held in conjunction with the 17th annual Shanks 
Lectures honoring Baylis and Olivia Shanks. There will be two 
lectures by the Shanks Lecturer, Efim Zel' manov, as well as twenty
seven other invited lectures and numerous contributed talks. 
Topics: Groups, semigroups, lattices, ordered algebraic structures, 
universal algebra, model theory, and interactions between algebra 
and logic. 
Organizers: J. Farley, R. Freese, M. Gould, P. Jipsen, G. McNulty, 
M. Maroti, A. Ol' shanskii, M. Sapir, S. Tschantz, C. Tsinakis, and M. 
Valeriote. 
Speakers: V. Artamonov, W. Blok, A. Borovik, S. Burris, R. Freese, 
A. Glass, G. Gratzer, B. Hart, P. Idziak, P. Jeavons, B. Jonsson, K. 
Kearnes, 0. Kharlampovich, C. Laskowski, R. McKenzie, G. McNulty, 
D. Monk, D. Mundici, A. Myasnikov, }.B. Nation, P. Palfy, B. Plotkin, 
H. Priestley, A. Szendrei, M. Valeriote, M. Volkov, R. Willard, and 
Efim Zel' manov. 
Information: Information on abstracts, registration, accommoda
tion, etc.: http : I lwww .math. vanderbilt . edu;-algcon02l. 

'' 2 3-2 5 PIMS Thematic Programme on Selected Topics in Math
ematical and Industrial Statistics, 3rd MITACS Annual General 
Meeting: Statistics for Large Scale Industrial Modelling, Univer
sity of British Columbia, Vancouver, British Columbia, Canada. 
Information: Contact pims@pims . math. ca or visit http: I lwww. 
pims . math . cal statsl. 

'' 23- 2 5 SIAM Workshop on Validated Computing, Westin Harbour 
Castle Hotel, Toronto, Canada. 
Description: Validated Computing 2002 will deal with all aspects 
on validated computing, although we hope for a special emphasis 
on applications and on tools to support validated computations. 
There is also a special opportunity to foster interaction between 
validated computing experts and the optimization community at 
large. There will be a special session honoring the contributions of 
Ramon Moore. 
Information: Contact: meetings@siam. or g. 

'' 23-25 Workshop in Honour of David F.Andrewsand Short Course 
in Microarray Data Analysis, The Fields Institute, Toronto, Ontario, 
Canada. 
Invited Speakers: D. Brillinger (Univ. of California, Berkeley), 
D. Cox (Oxford Univ.), J. Robins (Harvard Univ.), P. McCullagh 
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(Chicago Univ.), E. Thompson (Washington Univ.), A. Kong (deCode 
Genetics), M. Newton (Univ. of Wisconsin), R. Tibshirani, (Stanford 
Univ.), T. Speed and colleagues (Walter & Eliza Hall Institute, Univ. 
of California, Berkeley). 
Information: Please contact Program Coordinator mali@fields. 
utoronto . ca. 

'' 26-June 1 Informal Working Group on Validated Methods for 
Optimization, The Fields Institute, Toronto, Canada. 
Organizers: G. Corliss, T. Csendes, K. Jackson, B. Kearfott. 
Information: Visit http : I /www . fields. utoronto. ca/programs/ 
scientific/01- 02/numerical/optimization/. 

'' 27-31 6th PIMS Industrial Problem Solving Workshop, University 
of British Columbia, Vancouver, British Columbia, Canada. 
Brief Description: Six problems will be posed to the workshop 
participants by industry experts. The problems are relevant and 
of current interest to the participating industry. The workshop 
participants (both faculty and graduate students) then spend the 
rest of the week working on these unsolved problems with the help 
of a company representative and some select academic 'mentors'. 
On the fifth day, oral presentations from each group are made 
before the whole assembly. We invite graduate students and faculty 
to participate in this exciting and educational event. 
Organizers:]. Maki (Univ. of Alberta), C. Bose (Univ. of Victoria), R. 
LeVeque (Univ. of Washington), H. Huang (York Univ.), M. Paulhus 
(Univ. of Calgary), M. Trummer (Simon Fraser Univ.), and I. Frigaard 
(Univ. of British Columbia). 
Information: Contact: ipsw@pims . math. ca or visit http : I /www . 
pims.math . ca/industrial/2002/ipsw/. 

'' 2 8-31 International Conference on Functional Analysis and 
its Applications Dedicated to the 11 Oth Anniversary of Stefan 
Banach, Lviv National Unversity, Lviv, Ukraine. 
Topics: Geometry, analysis, and approximations in Banach spaces; 
Spectral methods of functional analysis and mathematical physics; 
Differential equations in functional and abstract Banach spaces; 
Function theory; Topology and its applications in functional anal
ysis. 
Invited Speakers: Yu. M. Berezanskii (Kyiv), Cz. Bessaga (Warsaw), 
B. Bojarski (Warsaw), V. I. Bogachev (Moscow), R. Cauty (Paris), V. 
V. Fedorchuk (Moscow), M. L. Gorbachuk (Kyiv), A. Ya. Helemskii 
(Moscow), V. M. Kadets (Kharkiv), H. Langer (Vienna), A. M. Plichko 
(Kirovohrad), Ya. Radyno (Minsk), I. V. Skrypnyk(Kyiv), I. A. Shevchuk 
(Kyiv), A. A. Shkalikov (Moscow), W. Zelazko (Warsaw). 
Information: http: I /www. banach . lviv. ua/;e-mail:banach_conf@ 
franko . lviv. ua; banach_conf@mebm.lviv . ua; tel.: +380(322) 
741107, +380(322)740352. 

June 2002 

'' 1-7 Minimal Varieties in Geometry and Physics, SUNY at Stony 
Brook, Stony Brook, New York. 
Organizing Committee: M. Anderson, D. Gromoll, C. LeBrun, M. 
Rocek, A. Phillips, S. Simanca. 
Description: A conference on the occasion of Blaine Lawson's 60th 
birthday. 
Confirmed Speakers: S. Bloch, J. P. Bourguignon, R. Bryant, J. 
Cheeger, T. Colding,]. Figueroa-O'Farrill, E. Friedlander, H. Gillet, H. 
Gluck, P. Griffiths, M. Gromov, R. Harvey, D. Hoffman, P. Lima-Filho, 
R. MacPherson, W. Meeks, W. Minicozzi, R. Osserman, M. Rocek, ]. 
Rosenberg, R. Schoen, I. Singer, G. Tian. 
Information: http: I /www .math. sunysb. edu/varieties/ or send 
an e-mail to: varieties@math. sunysb . edu. 

,., 1 0-14 PIMS-MITACS Summer School on Applications of Compu
tational Geometry, Simon Fraser University, Burnaby, BC, Canada. 
Information: Contact: pims@pims .math. ca. 
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* 1 0-1 5 Quantum Probability and Infinite Dimensional Analysis, 
Levico Terme, Trento, Italy. 
Scientific Organizer: L. Accardi (Roma II). The Centro Interdipar
timentale Vito Volterra of the University of Roma Tor Vergata also 
sponsors this conference. 
Information: http : I /www . science . uni tn. it/ cirm/. 

* 1 0-1 6 NS2002 "Nonstandard Methods and Applications in 
Mathematics", Pisa, Italy. 
Description: The congress will consist of two segments. The first 
one is a satellite conference, June 10-12. The second one is a 
special session of the joint meeting AMS-UMI, June 12-16. (UMI 
is the Italian Mathematical Society.) A subsession "Reuniting the 
Antipodes: Nonstandard and Constructive Views of the Continuum, 
II" is scheduled as part of the NS2002 congress. 
Sponsors: INDAM-GNSAGA, D. Galilaeana. 
Organizers: A. Berarducci (Pisa, Italy), N.J. Cutland (Hull, UK), M. 
Di Nasso (Pisa, Italy), D. Ross (Hawaii, USA). 
Invited Speakers Include: S. Albeverio, J. Bell, V. Benci, N. Cutland, 
K. Hrbacek, R. Jin, H.J. Keisler, P. Loeb, W.A.]. Luxemburg, A. 
Macintyre, T. Nakamura, H. Osswald, D. Ross, M. Wolff. 
Call for papers: To contribute a talk, submit the title and abstract 
to: pisa2002@infinitesimals.org. 
Information: Please visit our website at: http://docenti.ing. 
unipi.it/-o18933/Pisa2002/. 

* 16-1 8 PIMS-MITACS Workshop on Facility location Problems, 
Simon Fraser University, Burnaby, British Columbia, Canada. 
Information: Contact: pims@pims .math . ca. 

* 1 6-21 Current Trends in Commutative Algebra, Grand Hotel 
Bellavista, Levico Terme, Trento, Italy. 
Scientific Organizers: G. Boffi (Pescara), ]. Herzog (Essen), and M. 
E. Rossi (Genova). 
Information: Announcement at http: I /www. dima. unige. i tr 
rossim/Levico.html. 

* 1 7-20 Second Haifa Workshop on Interdisciplinary Applications 
of Graph Theory, Combinatorics and Algorithms, University of 
Haifa, Israel. 
The Rothschild lecture: R. Tarjan (Princeton Univ.) will deliver the 
second annual Rothschild Lecture. 
Invited Plenary Speakers: R. Connelly (Cornell Univ., Ithaca), A. 
Hartman(IBM Research, Haifa), A. Hoffman (IBM Research, Yorktown 
Heights), A. Itai (Technion, Haifa), M. Lewenstein (IBM Research, 
Yorktown Heights), R. McConnell (Univ. of Colorado, Denver), I. 
Newman (Univ. of Haifa), G. Sabidussi (Univ. of Montreal), M. Sharir 
(Tel Aviv Univ.), G. Turan (Univ. of Illinois, Chicago), S. Whitesides 
(McGill Univ., Montreal). 
Information: http: I /www. rothschild. haifa. ac. il/graphs02/. 

'' 1 7-21 Second MaPhySto and Stoclab Summer School on Stereol
ogy and Geometric Tomography, Sandbjerg Manor, Soenderborg, 
Denmark. 
Speakers: A. Baddeley (Univ. of Western Australia), R. Gardner 
(Western Washington Univ.), H. J. G. Gundersen (Univ. of Aarhus), 
E. B. V. Jensen (Univ. of Aarhus), M. Kiderlen (Univ. of Karlsruhe), 
K. Kieu (Inst. Nat. de Ia Recherche Agronomique, Versailles). 
Organizer: E. B. V. Jensen (Univ. of Aarhus), eva@imf . au . dk. 
Information: Further information at http: I /www . maphysto. dk/ 
events/S-and-GT2002/. 

'' 17-28 MSRI Summer Graduate School on "Excursions in Compu
tational Number Theory-Polynomials with Integer Coefficients", 
PIMS-SFU, Burnaby, British Columbia, Canada. 
Organizers: P. Borwein (Simon Fraser Univ.) and M. Filaseta (Univ. 
of South Carolina). 
Information: Visit http: I /zeta . msri. org/ calendar /programs/ 
Programlnfo/70/show_program/. 
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* 18-1 9 The Fields Institute 1Oth Anniversary Celebrations, The 
Fields Institute, Toronto, Ontario, Canada. 
Program: The Institute will be celebrating its lOth anniversary 
with two days of lectures and visual displays celebrating the 
mathematicians and activities which have made Fields a unique 
research facility. Also scheduled is a reception for Fields alumni 
and friends and a banquet with keynote speaker W. Pulleyblank. 
Speakers: S. Cook, Univ. of Toronto; P. Diaconis, Stanford Univ.; 
M. Golubitsky, Univ. of Houston; V. Jones, Univ. of California at 
Berkeley; A. Macintyre, Univ. of Edinburgh; W. Pulleyblank, IBM; C. 
Rogers, Univ. of Bath; K. Rubin, Stanford Univ. 
Information: Please email us at programs@fields . utoronto. ca 
to be informed of when registration is available or for additional 
information. 

* 19-23 2nd Canadian Conference on Nonlinear Solid Mechanics, 
SFU Harbour Centre, Vancouver, British Columbia, Canada. 
Sponsor: PIMS. 
Organizers: E. M. Croitoro, cochair (Univ. of Victoria), C. Graham, 
cochair (Simon Fraser Univ.), R. Choksi (Simon Fraser Univ.), M. 
Epstein (Univ. of Calgary), M. S. Gadala (Univ. of British Columbia), 
]. B. Haddow (Univ. of Victoria), T. B. Moodie (Univ. of Alberta), 
N. Rajapakse (Univ. of British Columbia), P. Schiavone (Univ. of 
Alberta), and D.]. Steigmann (Univ. of California at Berkeley, USA). 
Brief Description: CanCNSM conferences are intended to provide 
an international forum for communicating recent and projected 
advances in various areas of nonlinear solid mechanics and mate
rials, to assemble researchers working on common themes from 
complementary perspectives, and to provide an opportunity for 
direct information exchange among delegates from academia, re
search laboratories, and industry. The framework of CanCNSM 
conferences is truly multidisciplinary. 

Scientists from all over the world are encouraged to participate 
in the conference. All areas of nonlinear solid mechanics as well as 
areas of linear solid mechanics that are bridging nonlinear aspects 
are included. The aim of the conference is to have a rich, exciting 
technical program and an enjoyable social program. 
Contact and Information: CanCNSM@pims. math. ca; for further 
details, see http: I lwww . pims . math . caiCanCNSMI. 

* 24-2 8 Symposium on Partial Differential Equations To Celebrate 
the Seventy-Fifth Birthday of james Serrin, Universita degli Studi 
di Perugia, Italy. 
Information: Registration is mandatory, and the conference fee 
is 100 Euro. The deadline for registration is May 31, 2002. Web
page:http:lldipmat.unipg.itliniziativelserrini.Forfurther 
information, contact symposium . serrin@dipmat. unipg. it. 

* 24-29 Conference on Geometry and Its Application in Technol
ogy, Aristotle University of Thessaloniki, Greece 
Organizers: Balkan Society of Geometers (Prof. Tsagas, president; 
Prof. A. Anastasiei, vice president; Prof. C. Udriste, vice president; 
Prof. R. Miron, honorary president), Aristotle Univ. of Thessaloniki, 
Politehnica Univ. of Bucharest. 
Scientific Conference Committee: Gr. Tsagas, A. Anastasiei, C. 
Udriste, R. Mirron, W. Klingenberg, Gh. Atanasiu, A. Asada, P. 
Popescu, V. Balan, Z. Shen. 
Program: The scientific sessions of the conference will consist 
of general lectures and contributed paper sessions. Contributed 
papers are solicited in all areas of differential geometry, global 
analysis, and Lie algebras. The conference scientific committee 
will make final selection of contributed papers for presentation by 
April 30, 2002. 
Abstract Submission: Prospective presenters are invited to mail 
or e-mail (preferred mode of submission), a one-page abstract. It 
should include the author's name(s), address(es), e-mail(s), phone 
and fax numbers, and key words. Papers and abstracts should be 
submitted by Aprill, 2002. See addresses below. 

Information: Inquiries regarding the conference should be ad
dressed to: Balkan Society of Geometers, Aristotle University of 
Thessaloniki, School of Technology, Mathematics Division, Thes
saloniki 54006 Greece, Prof. Gr. Tsagas, Tel: 3-0310-995973, Fax: 
3-0310-99615 5, e-mail: Tsagkas@vergina. eng. auth. gr. 

July 2002 

'' 1-5 PIMS Thematic Programme on Asymptotic Geometric 
Analysis, Conference on Convexity and Asymptotic Theory of 
Normed Spaces, PIMS-UBC, Vancouver, British Columbia, Canada. 
Organizers: E. Lutwak (New York), A. Pajor (Marne-La-Valle). 
Workshop Topics: Topics include classical convexity, Radon trans
form and Fourier methods in convexity, asymptotic theory of 
high dimensional convex bodies, geometric functional inequalities, 
probabilistic methods in convexity, isoperimetric-type inequalities. 
Contact: pims@pims . math. ca. 
Information: For further details, see http: I lwww. pims. math . cal 
agal. 

'' 1-5 AISC'2002: Sixth International Conference on Artificial In
telligence and Symbolic Computation Theory, Implementations 
and Applications (In conjunction with CALCULEMUS'2002), Mar
seille, France. 
Organizer: Universite de Provence, Universite de Mideterrannee, 
Faculte des sciences de Saint-Jerome, and the LSIS laboratory. 
Information: More information is available on the website of the 
conference:http:llwww.cmi.univ-mrs.frlaisc2002l. 

'' 1-6 Workshop on Optimal Stopping and Stochastic Games, 
Banach Center, Mathematical Research and Conference Center, 
Bedlewo, Poland. 
Description: The workshop will be devoted to the classical but still 
rapidly developing field of stopping of stochastic processes and 
stochastic games. It has important applications both in real life 
and other fields of probability theory. 
Information: Contact address: Conference OSSG2002, Institute 
of Mathematics, Wroclaw University of Technology, Wybrzeze 
Wyspianskiego 27, 50-370 Wroclaw, Poland; fax: (+48-71) 328 07 
51; e-mail: ossg2002@im . pwr . wroc . pl; http: I lneyman. im. pwr. 
wroc .pllossg2002l. 

* 2-6 5th Conference of the European Society of Mathematica and 
Theoretical Biology on Mathematical Modelling and Computing 
in Biology and Medicine, Universita and Politecnico di Milano, 
Milano, Italy. 
Topics: Biotechnology and bioengineering; bioinformatics and com
putational biology; biomedical imaging; cardiovascular system; cell 
signalling; cellular organisation; ecology; environmental sciences; 
evolution; immunology; infectious diseases; individual based mod
els; computational neuroscience; visualization; regulatory gene 
networks. 
Program: ECMTB2002 is organized in sections, all of which comprise 
an invited speaker; minisymposia (2 hours). Posters can also be 
presented in special sessions. 
Information: http : I I ecmtb. mat. unimi. i tl; ecmtb@mat. unimi. 
it. 

'' 7-24 32nd Probability Summer School, Saint-Flour, France. 
Program:]. Pitman, Combinatorial stochastic processes; B. Tsirelson, 
nonclassical diffusions, stochastic flows, and product systems in 
the light of stability; W. Werner, Conformal invariance and critical 
exponents for two-dimensional random curves. 
Deadline: The deadline for registration is March 31, 2002. The 
number of participants is limited. 
Organizer: ]. Picard, Laboratoire de Mathematiques Appliquees, 
Univ. Blaise Pascal and CNRS, France. 
Information: More information and the online registration form 
can be found at http: I lwwwlma . uni v-bpclermont. fr I stflour I ; 
e-mail: stflour@math. uni v-bpclermont. fr. 
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'' 8-1 2 PIMS Thematic Programme on Asymptotic Geometric 
Analysis, Concentration Period on Measure Transportation and 
Geometric Inequalities, PIMS-UBC, Vancouver, British Columbia, 
Canada. 
Organizers: R. McCann (Univ. of Toronto). 
Workshop Topics: This concentration period will focus on trans
portation of measure methods and their applications; concentra
tion of measure phenomenon, geometric functional inequalities 
(Brascamp-Lieb, Sobolev, entropy, Cramer-Crao, and like), "isomor
phic" form of geometric inequalities; probabilistic methods. 
Contact: pims@pims. math. ca. 
Information: http: I lwww. pims. math. calagal. 

'' 8-12 SIAM SOth Anniversary and 2002 Annual Meeting, Phila
delphia Marriott Hotel, Philadelphia, Pennsylvania. 
Information: A celebration of SIAM's 50th birthday, this special 
annual meeting will look at the strides made by industrial and 
applied mathematics during the past 50 years and will peek as 
far as we can see into the next 50. The meeting themes cover 
SIAM's interests, a partial list of which ranges from analysis to 
applications, from computing to control to computational science, 
from dynamics to design, from linear algebra to life sciences, from 
optimization to outreach. 

The program features plenary lectures, topical presentations, 
contributed talks, prizes, minitutorials, the community lecture, 
and, of course, minisymposia, along with diversity day, an evening 
of professional development, and a gala dinner. 
Information: Contact: meetings@siam. or g. 

'' 8-1 2 Workshop on Non self-adjoint Operator Algebras, The Fields 
Institute, Toronto, Ontario, Canada. 
Organizer: K. R. Davidson. 
List of Confirmed Participants: K. Davidson, The Fields Inst.; A. 
Donsig, Univ. of Nebraska; A. Hopenwasser, Univ. of Alabama; A. 
Katavolos, Athens Univ.; E. Katsoulis, East Carolina Univ.; D. Kribs, 
Univ. of Iowa; L. Marcoux, Univ. of Waterloo; V. Paulsen, Univ. of 
Houston; ]. Peters, Iowa State Univ.; D. Pitts, Univ. of Nebraska; S. 
Power, Lancaster Univ.; H. Radjavi, Dalhousie Univ. & Univ. of New 
Hampshire; P. Rosenthal, Univ. of Toronto; B. Solei, Technion Inst. 
Information: For further information, please contact Program 
Coordinator Maryam Ali, mali@fields . utoronto. ca. 

'' 14-1 8 PIMS Thematic Programme on Selected Topics in Math
ematical and Industrial Statistics, Design and Analysis of Ex
periments 1 (DAE 1 ), Coast Plaza Suite Hotel, Vancouver, British 
Columbia, Canada. 
Brief Description: Many industrial problems are not well explored in 
the statistical literature. To help North American industry compete 
globally, advanced statistical methods suitable for real applications 
need to be further developed. Statistical experimental designs, 
developed by Sir Ronald Fisher in the 1920s, largely originated 
from agricultural problems. Although the design of experiments 
for industrial and scientific problems may have the same basic 
concerns as design for agricultural problems, there are many 
differences: (i) industrial problems tend to require investigation 
of a much larger number of factors and usually involve a much 
smaller total number of runs (observations), (ii) industrial results 
are more reproducible, (iii) industrial experimenters are obliged 
to run their experimental points in sequence and are thus able 
to plan their follow-up experiments guided by previous results, 
unlike agriculture, in which all results are often harvested at 
one time, and (iii) models can be very complicated in industrial 
and scientific experimentation, sometimes requiring the need for 
nonlinear models or for computer modelling and finite element 
analysis. 
Organizers: R. Sitter (SFU), D. Bingham (Michigan), B. Ankenman 
(Northwestern), and A. Herzberg (Queen's Univ.) 
Information: Contact pimsillpims. math. ca or visit http: I lwww. 
pims .math. calstatsl. 

Mathematics Calendar 

'' 14-23 PIMS Thematic Programme on Asymptotic Geometric 
Analysis, Conference on Phenomena of Large Dimension, PIMS
UBC, Vancouver, British Columbia, Canada. 
Organizers: V. Milman(Te!Aviv), M. Krivelevich(Te!Aviv), L. Lovasz 
(Microsoft Research), and L. Pastur (Univ. Paris VII). 
Workshop Topics: Topics include different phenomena observed 
in complexity theory, asymptotic combinatorics, asymptotic con
vexity, statistical physics, and other theories of very high parametric 
families (or large dimensional spaces); similarities and differences. 
Contact: pims@pims. math. ca. 
Information: http : I lwww. pims. math. calagal. 

'' 22-August 6 PIMS-APCTP-PI Frontiers in Mathematical Physics: 
Brane Worlds and SupersymmetryWorkshop, UniversityofBritish 
Columbia, Vancouver, British Columbia, Canada. 
Organizers: A. Karch (Univ. of Washington), ]. Ng (TRIUMF, Univ. 
of British Columbia), M. Rozali (Univ. of British Columbia), A. 
Rutherford (PIMS), and G. W. Semenoff (Univ. of British Columbia). 
Brief Description: This workshop is the seventh in the Frontiers 
in Mathematical Physics Series. As in previous years, it is jointly 
sponsored by PIMS and the Asia Pacific Center for Theoretical 
Physics. This workshop will explore the theory and phenomenology 
of brane-world scenarios, large extra dimensions scenarios, and 
supersymmetry. These represent different approaches to solving 
the traditional problems of physics beyond the standard model. 
Contact: fmp@pims. math. ca. 
Information: http: I lwww. pims. math. cal sciencel2002lfmpl. 

'' 24-August 5 PIMS Thematic Programme on Asymptotic Geo
metric Analysis, Focused Research Groups on Random Methods 
and High Dimensional Systems, PIMS-UBC, Vancouver, British 
Columbia, Canada. 
Organizers: V. Milman (Tel Aviv) and N. Tomczak-jaegermann 
(Univ. of Alberta). 
Workshop Topics: Topics include the asymtotic behavior of differ
ent parameters when the dimension, or a number of other relevant 
free parameters, increases to infinity. The main direction is the 
study of the asymptotic theory of convex bodies and normed spaces 
as well as their applications to combinatorics and phase transition 
phenomena. 
Contact: pims@pims .math. ca. 
Information: http: I lwww. pims .math. calagal. 

'' 25-30 PIMS Thematic Programme on Selected Topics in Mathe
matical and Industrial Statistics, Filtering Theory and Applica
tions, University of Alberta and Jasper, Alberta, Canada. 
Brief Description: Filtering theory is an active and current research 
field attracting many applied probabilists. In particular, there 
is increasing interest in applying filtering theory to real-world 
problems in areas such as mathematical finance, target detection 
and tracking, communication networks, pollution tracking, weather 
prediction, traffic management, search and rescue. We believe that 
the proposed meeting will help to advance scientific developement 
of filtering theory and its applications and offer benefits to industry. 
In particular, this meeting will encourage local research activity 
in this field and identify additional industrially-motivated filtering 
problems. 
Organizers: R. Elliott (Univ. of Calgary), M. Kouritzin, H. Long (Univ. 
of Alberta), T. Kurtz (Wisconsin-Madison). 
Information: Contact pims@pims . math . ca or visit http: I lwww . 
pims .math. ca/stats/. 

* 28-August 94th PIMS School of Environmental and Industrial 
Fluid Dynamics, University of Alberta, Edmonton, Alberta, Canada. 
Brief Description: Participants will attend a comprehensive series 
of lectures and will be given hands-on experience performing and 
analyzing experiments in the Environmental and Industrial Fluid 
Dynamics Laboratory, as well as running numerical simulations 
using research-level codes. 
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Topics will include fluid dynamics fundamentals, industrial 
and environmental flows, geophysical fluid dynamics, turbulence 
modelling, and computational fluid dynamics. Subjects will be 
taught at a graduate level. 
Information: Contact fdss@math. ualberta. ca or visit http : I I 
fdss.math.ualberta.ca/. 

August 2002 
* 4-8 PIMS Symposium on Aperiodic Order, Dynamical Systems, 

Operator Algebras, and Toplogy, University of Victoria, Victoria, 
British Columbia, Canada. 
Information: Contact: pims@pims . math . ca. 

'' 4-9 International Conference on Mathematics in Finance, Berg
en-Dal, Kruger National Park, South Africa. 
Scope: The conference will focus on various aspects within the field, 
with special attention given to the interaction between the different 
areas, and in particular emphasizing the role of mathematics and 
statistics. Topics that would be covered include among others: 
stochastic models; modern methods of risk analysis; quantitative 
and computational models and methods; methods of financial 
mathematics; in particular the role of measure theory, functional 
analysis, and modern stochastics in finance. 
Keynote Speakers: The following is a list of keynote speakers who 
have indicated that they will attend: T. Bjoor, Dept. of Finance, 
Stockholm School of Economics; F. Delbaen, Dept. of Mathematics, 
ETH, Zurich; P. Embrechts, Dept. of Mathematics, ETH, Zurich; 
D. Heath, Dept. of Math. Sci., Carnegie Mellon Univ., Alexander 
McNiel, Dept. of Mathematics, ETH, Zuuric; M. Monoyios, Dept. 
of Economics & Finance, Brunel Univ., United Kingdom; E. Platen, 
School of Finance & Economics, UTS, Sydney; G. Samorodnitsky, 
School of Operations Research and Industrial Engineering, Cornell 
Univ. 
Information: http: I /www .mif. up. ac . za/, e-mail: mif@math. up. 
ac.za. 

'' 5-9 Stark's Conjectures and Related Topics, Johns Hopkins 
University, Baltimore, Maryland. 
Description: A conference funded by the National Science Founda
tion, the Number Theory Foundation, and Johns Hopkins University. 
Confirmed Participants: M. Flach (Caltech), B. H. Gross (Harvard), 
D. Hayes (Amherst), H. M. Stark (San Diego), ]. Tate (Austin), K. 
Rubin (Stanford). 
Organizing Committee: D. Burns (david. burns@kcl. ac . uk, King's 
College, London U.K.); C. Popescu (cpopescu@math. jhu. edu, Johns 
Hopkins Univ., Baltimore, MD);]. Sands (sands@math. uvm. edu, Univ. 
Vermont at Burlington, VT); D. Solomon (solomon@mth. kcl. ac. uk, 
King's College, London U.K.). 

* 6-9 PIMS Thematic Programme on Asymptotic Geometric Anal
ysis, Conference on Noncom mutative Phenomena and Random 
Matrices, PIMS-UBC, Vancouver, British Columbia, Canada. 
Organizers: G. Pisier (Univ. Paris VI and Texas A&M) and S. Szarek 
(Univ. Paris VI and Case Western Reserve). 
Workshop Topics: Topics include the distribution of eigenvalues 
of random matrices, norms of such matrices, some aspects of 
free and quantum information theories, applications in many 
fields, quantized functional analysis and operator spaces, non
commutative Lp spaces. 
Contact: pims@pims. math . ca. 
Information: http: I /www .pims .math. ca/aga/. 

* 7-11 Workshop on Geometry, Dynamics, and Mechanics in 
Honour ofthe 60th Birthday of J, E. Marsden, The Fields Institute, 
Toronto, Ontario, Canada. 
Organizing Committee: A. Bloch, P. Newton, T. Ratiu, S. Shkoller, 
A. Weinstein. 
Overview: The workshop will be organized along the seven main 
themes of Professor Marsden's work: (1) Geometric mechanics, 

(2) Fluid mechanics, (3) Elasticity and analysis, (4) Numerical 
algorithms, (5) Relativity and quantum mechanics, (6) Geometric 
control theory, (7) Dynamical systems. 
Information: Please contact the program coordinator atmarsden60@ 
fields . utoronto. ca for information regarding registration. 

* 8-9 Beyond the Formula Statistics Conference, Monroe Commu
nity College, Rochester, New York. 
Description: A conference for teachers of introductory statistics. 
The central focus will be "How does a classroom instructor actually 
use the new curriculum ideas and modern techniques to teach 
a beginning statistics course?" To attend conferences and learn 
about all the wonderful new ideas presented is great, but it does 
not go far enough for many instructors. There needs to be more 
emphasis on exactly how instructors can incorporate these ideas into 
their course, into their curriculum, into their teaching techniques, 
into their evaluations. There will be several presentations in the 
areas of curriculum, teaching techniques, technology usage, and 
applications. 
Information: Please check out our Beyond the Formula web
site for information about our history and the plans for this 
year's conference as they develop: http : I /www. monroecc. edu/ go/ 
beyondtheformula/. 

* 1 1 -14 SIAM Conference on Discrete Mathematics, Handlery Hotel 
and Resort, San Diego, California. 
Description: The purpose of this conference is to highlight the 
major theoretical advances in the field, the development of new 
tools for discrete mathematics, and the most significant of the 
new applications of discrete mathematics to problems arising in 
industry and business. The conference also seeks to bring together 
participants from the many different environments where discrete 
mathematics is developed and applied. 
Information: Contact: meetingsl!lsiam. org. 

* 1 1-1 6 Geometric and Algebraic Combinatorics 2, Oisterwijk, The 
Netherlands. 
Organizers: A. Blokhuis (Eindhoven Univ. of Technology), W. 
Haemers (Tilburg Univ.) 
Topics: Algebraic graph theory, finite geometry, and combinatorial 
designs. 
Invited speakers: A. Brouwer (Eindhoven Univ. of Tech.), G. Ebert 
(Univ. of Delaware), D. Fon-Der-Flaass (Novosibirsk Inst. of Math.), 
N. Sloane (AT&T Shannon Lab), H. Van Maldeghem (Univ. of Gent). 
Information: http: I /few . kub . nl/ gac2/. 

* 11-19 International School "Inverse Problems: Theory and 
Applications", Khanty-Mansiysk, Russia. 
School Themes: Theoretical basics for investigation of inverse 
problems; inverse problems of mechanics, geophysics, tomography, 
ecology; numerical analysis of inverse problems and applications. 
Organizers: Government of Khanty-Mansiysk Autonomous Okrug, 
Ugra Research Institute of Informational Technologies, Sobolev 
Institute of Mathematics, Institute of Computational Mathematics 
and Mathematical Geophysics. 
Program: Academicians M. M. Lavrent'ev and A. S. Alekseev will 
preside the scientific work of the School. The School consists of 
lectures delivered by invited speakers in the mornings and research 
seminars in the afternoons where the participants will get a chance 
to make their reports. 
Information: Further information is available at http: I /www. math. 
nsc . ru/conference/invconf . 

'' 12-1 5 PIMS Thematic Programme on Asymptotic Geometric 
Analysis, Conference on Banach Spaces, PIMS-UBC, Vancouver, 
British Columbia, Canada. 
Organizers: B. Johnson (Texas A&M) and T. Odell (Univ. of Texas, 
Austin). 
Workshop Topics: This conference will focus on the asymptotic 
theory of Banach spaces and other applications of local theory to 
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the geometry of infinite dimensional Banach spaces. 
Contact: pims@pims .math . ca. 
Information: http : I lwww. pims .math . calagal. 

'' 1 2-1 5 The 2002 Workshop on the Solution of Partial Differential 
Equations on the Sphere, The Fields Institute, Toronto, Canada. 
Organizers: ]. Drake, K. Jackson, P. Swarztrauber, D. Williamson. 
Information: Visit http: I lwww. fields . utoronto. calprograrnsl 
scientificl01-02lnurnericallpde_workshopl. 

'' 1 3-19 Discrete, Combinatorial, and Computational Geometry, 
an ICM Satellite Conference, Beijing, China. 
Description: The conference will provide an opportunity for people 
working in these three areas of geometry to meet, share ideas and 
recent results, and work together. 
Organizers: J. E. Goodman, R. Pollack, and C. Zong. 
Sponsors: Peking University and the National Science Foundation 
of China. 
Invited Speakers: Among those who have confirmed so far are I. 
Barany, P. Brass, C. Buchta, R. Connelly, E. D. Demaine, R. Gardner, 
S. Golomb, E. Grinberg, P. M. Gruber, T. Hales, M. Henk, W.-Y. Hsiang, 
]. C. Lagarias, D. G. Larman, J. Pach, I. Streinu, G. T6th, H. Tverberg, 
]. M. Wills, T. Zamfirescu, G. Zhang, and G. M. Ziegler. 
Call for Papers: If you are interested in presenting a short talk 
(up to 30 minutes), please send an abstract to the local organizer, 
Chuanrning Zong ( cmzong@math. pku. edu. en). The organizers will 
select the short talks to be presented on the basis of the abstracts 
submitted. 
Information: For information on the conference fee and on possible 
financial support, please write to C. Zong ( cmzong@math. pku. edu . 
en). 

,, 20-2 7 Summer School: From Levy Processes to Semi martingales
Recent Theoretical Developments and Applications to Finance, 
University of Aarhus, Denmark. 
Program: Introduction to Sernimartingales and their Basic Algebra, 
lectures by A. N. Shiryaev, Stek. Inst., Moscow; Change of Time 
and Measure, lectures by Albert N. Shiryaev, Stek. Inst., Moscow; 
Stochastic Volatility Models and Some ofTheir Applications, lectures 
by N. Shephard, Nuffield College, Oxford; 0. E. Barndorff-Nielsen, 
MaPhySto, Aarhus; and F. Hubalek, Vienna Univ. of Tech. In addition 
there will be tutorial classes and a number of special invited lectures. 
Organizers: 0. E. Barndorff-Nielsen, Univ. of Aarhus, e-mail: oebn@ 
imf . au. dk; B.]. Christensen, Univ. of Aarhus, e-mail: b j christensen 
@econ. au. dk. 
Information: http: I lwww. maphysto. dkl eventsiLPS2002I. 

'' 2 5-September 1 40th International Symposium on Functional 
Equations, Gron6w, Poland. 
Program: We are planning 10 regular sessions, each of them 
consisting of 7 talks of at most 20 minutes duration, a special 
session about mean values, a 45-minute survey lecture on iterative 
functional equations, and about 10 problems and remarks sessions. 
Workshop Topics: Functional equations in one and several vari
ables, functional inequalities and mean values, functional equations 
on algebraic structures, Hyers-Ulam stability, regularity properties 
of solutions, conditional functional equations and equations on re
stricted domain, iteration theory, functional-differential equations. 
Organizers: Inst. of Math., Univ. of Zielona G6ra, Poland. 
Speakers: We expect about 70 speakers invited by the Scientific 
Committee consisting, among others, of ]. Aczel (Honorary Chair
man; Waterloo, Canada), Z. Dar6czy (Debrecen, Hungary), R. Ger 
(Katowice, Poland), L. Reich (Graz, Austria), A. Sklar (Chicago, USA). 
Information: Participation is by invitation only. Those wishing to 
be invited should send details of their interest and, preferably, 
publications on the subject to the organizers and/ or to a member 
of the scientific committee before the end of May 2002. 
Information: isfe40@uz . zgora . pl. 

Mathematics Calendar 

* 29-September 3 First Sino-German Meeting on Stochastic Anal
ysis (Satellite Conference to the ICM 2002), Beijing, China. 
Sections: 1) Geometry on path space (organizer: R. Leandre, e
mail: leandre@iecn. u-nancy. fr), 2) Infinite dimensional analysis, 
measure-valued processes and Dirichlet forms (organizer: K.-T. 
Sturm, e-mail: sturm@uni -bonn. de), 3) Noncommutative and quan
tum probability (organizer: M. Schuermann, e-mail: schurman@uni
greif swald. de), 4) Pseudo differential operators and jump pro
cesses (organizer: N. Jacob, e-mail: N. Jacob@swansea. ac. uk), 5) 
Random media (organizer: A. Bovier, e-mail: bovier@wias-berlin. 
de), 6) Statistical mechanics and particle systems (organizer: 
Yu. Kondratiev, e-mail: kondrat@mathematik. uni -bielefeld. de), 
7) Stochastic finance (organizer: M. Schweizer, e-mail: martin. 
schweizer@mathematik. uni -muenchen. de), 8) Stochastic meth
ods in quantum field theory and hydrodynamics (organizers: P. 
Blanchard, e-mail: blanchard@physik . uni -bielefeld. de and L. 
Streit, e-mail: strei t@physik. uni -bielefeld . de), 9) Stochastic 
partial differential equations (organizer: L. Tubaro, e-mail: tubaro@ 
science. uni tn. it). 
Invited Speakers: L. Accardi, L. Bogachev, V. I. Bogachev, E. 
Bolthausen, Z. Brzezniak, A. B. Cruzeiro, M. F. Chen, A. Debussche, 
]. D. Deuschel, B. Driver, A. Eberle, D. Elworthy, S. Fang, B. Ferrario, 
D. Filipovic, U. Franz, H. Gottschalk, A. Guionnet, I. Gyongy, F. 
Gotze, M. Hino, W. Hoh, P. Hsu, K. Kuwae, X. M. Li, Y. G. Lu, S. 
Lotoski, F. Merkl, B. Ruediger, A. Sengupta, M. Skeide, W. Stannat, 
A. Thalmaier, F. Y. Wang, L. M. Wu, A. Zegarlinski, T. S. Zhang. 
Information: If you are interested in participating, please contact 
the organizer of the section closest to your interest and send a 
copy of your communcation to the following address: M. L. Wang 
(wang@uni -bonn. de). 

,, 30-September 2 33rd Iranian Mathematics Conference, Ferdowsi 
University, Mashhad, Iran. 
Scope: The aim of the Annual Iranian Mathematics Conference is 
to bring together established and new researchers and graduate 
students for an exchange of ideas and discussions on all aspects 
of mathematics. The conference will consist of a series of invited 
plenary lectures and session for contributed papers. 
Organizer: Department of Mathematics, Ferdowsi University of 
Mashhad. 
Chair: A. Niknam. 
Invited Speaker: A tentative list can be found on the webpage. 
Call for Paper: The abstract should be typed in Latex and sent to 
the Secretary. 
Address and deadline: Secretary of the Conference, Department 
of Mathematics, Ferdowsi University, P. 0. BOX 1159, Mashhad 
91775, Iran; e-mail: imc33@math. urn. ac. ir; imc33@ferdowsi. urn. 
ac.ir; home: http:llwww1.urn . ac.ir;-imc33l; May 5, 2002, to 
register and submit abstract. 

September 2002 

'' September-December 2002 Thematic Program on Set Theory 
and Analysis, The Fields Institute, Toronto, Canada. 
Information: Visit http: I lwww. fields. utoronto. calprograrnsl 
scientificl02-03lset_theoryl. 

'' 1 -8 17th International Workshop on Differential Geometric 
Methods in Theoretical Mechanics, Levico Terme, Trento, Italy. 
Scientific Organizer: E. Pagani (Trento). 
Information: First Announcement at http: I lwww. science. uni tn. 
itlcirmiDGMTM . 1ann.html. 

'' 5 PIMS Numerical Analysis Potlatch 2002, University of Victoria, 
Victoria, British Columbia, Canada. 
Information: Contact: pims@pims. math. ca. 

'' 20-21 AD-HOC NetwOrks and Wireless (ADHOC-NOW), The Fields 
Institute, Toronto, Ontario, Canada. 
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Scope: We are interested in work in progress, experimental and 
theoretical research in Ad-Hoc, Mobile and Wireless Networks. 
Program Co-chairs: M. Barbeau and E. Kranakis, Carleton University, 
School of Computer Science, Ottawa, Ontario, K1S 5B6, Canada. 
Information: For more information see website http: I /www. scs. 
carleton . ca/%7Eadhocnow/. 

October 2002 

'' 4-5 SIAM Symposium on Computational Models and Simulation 
for Intra-Cellular Processes, Hilton Garden Inn, Washington, DC. 
Information: The interaction between the mathematical and com
putational sciences and biology has been growing in importance 
in the last decade, but it is still a beginning. There is tremendous 
room for progress. For example, major advances are needed in 
mathematical and statistical methods to have significant impact 
on the prediction and control of spatia-temporal cellular behav
ior. Some specific processes that are amenable to mathematical 
methods are networks of molecular interactions such as gene-gene, 
gene-protein, and protein-protein. Applications of such interactions 
include discovery of functional modules in cellular systems, and 
rapid and precise identification of targets and design of intervention 
methods that influence molecular dynamics. 
Information: Contact: meetings@siam. or g. 

November 2002 

'' 2-3 PIMS Cascade Topology Conference, University of British 
Columbia, Vancouver, British Columbia, Canada. 
Information: Contact: pimsl!lpims . math . ca. 

December 2002 

* 9-1 3 FICOFEST, A Conference in Low-dimensional Topology 
to Celebrate the Sixtieth Birthday of Francisco Javier "Fico" 
Gonzalez Acuna, Universidad Autonoma de Yucatan, Merida, 
Yucatan, Mexico. 
Organizers: M. Eudave-Munoz (UNAM), V. Nunez (CIMAT), L. Armas
Sanabria (UNAM), M. Neumann-Co to (UNAM), ]. Seade (UNAM), ]. C. 
G6mez-Larrafi.aga (CIMAT). 
Speakers: M. Boileau, D. Gabai, S. Gitler, C. Gordon, ]. Hempel, L. 
Kauffman, R. Kirby, R. Uckorish, S. Lopez de Medrano, ]. Luecke, 
L. Montejano, K. Murasugi, R. Myers, D. Rolfsen, D. Roseman, M. 
Scharlemann, P. Scott, H. Short, ]. Simon, De Witt Sumners, A. 
Verjovsky, E. Winkelnkemper 
Information: http: I /www .matem . unam.mx/ficofest/ or contact 
M. Eudave-Munoz at: ficofest@cimat .mx. 

january 2003 

* 4-6 SIAM Conference on Imaging Science, Boston, Massachusetts. 
Information: Current developments in the technology of imaging 
have led to an explosive growth in the interdisciplinary field 
of imaging science. With the advent of new devices capable of 
seeing objects and structures not previously imagined, the reach of 
science and medicine has been extended in a multitude of different 
ways. The impact of this technology has been to generate new 
challenges associated with the problems of formation, acquisition, 
compression, transmission, and analysis of images . By their very 
nature, these challenges cut across the disciplines of physics, 
engineering, mathematics, biology, medicine, and statistics. While 
the primary purpose of this conference is to focus on mathematical 
issues, the biomedical aspects of imaging will also play an important 
role. 
Information: Contact: meetings@siam. or g. 

'' 12-14 ACM-SIAM Symposium on Discrete Algorithms, Hyatt 
Regency, Baltimore, Maryland. 
Information: Contact: meetings@siam. or g. 

February 2003 

'' 9 Short Course Prior to Conference on Computational Science 
and Engineering, Hyatt Regency Islandia Hotel and Marina, San 
Diego, California. 
Information: Contact: meetingsl!lsiam. org. 

* 1 0-1 4 Permutation Patterns, University of Otago, Dunedin, New 
Zealand. 
Topics: The unifying theme of the conference is permutation pat
terns. The topics addressed will include enumeration questions, 
excluded pattern questions, study of the involvement order, algo
rithms for computing with permutation patterns, applications and 
generalizations of permutation patterns, and others. 
Speaker: H. Wilf. 
Registration: $100 NZ by November 1, 2002, and $150 thereafter. 
Submissions: Extended abstracts (at most 6 pages) of papers to be 
presented at the conference should be sent to the Program Chair 
by December 31, 2002. 
Program Chair: M. Albert. 
Information: See http: I /www. cs. otago . ac . nz/ staffpri v /mike/ 
PP2003/FirstAnnouncement.html. 

March 2003 

'' 1 7-20 SIAM Conference on Mathematical and Computational 
Issues in the Geosciences, Radisson Hotel and Suites Austin, 
Austin, Texas. 
Information: Contact: meetings@siam . org. 

The following new announcements will not be repeated until 
the criteria in the next to the last paragraph at the bottom of 
the first page of this section are met. 

May 2003 

* 1-3 SIAM International Conference on Data Mining, Cathedral 
Hill Hotel, San Francisco, California. 
Information: Contact: meetings@siam. or g. 

* 20-24 Fourth Seminar on Stochastic Analysis, Random Fields 
and Applications Fourth Minisymposium on Stochastic Methods 
in Financial Models, Centro Stefano Franscini, Ascona, Switzerland. 
Organizer: R. Dalang EPFL (Switzerland), M. Dozzi (Univ. Nancy 2, 
France), and F. Russo (Univ. Paris 13, France). 
Information: http: I /www-math. math. uni v-paris 13. fr ;-russo/ 
Ascona02 . html. 

'' 27-31 SIAM Conference on Applications of Dynamical Systems, 
Snowbird Ski and Summer Resort, Snowbird, Utah. 
Information: Contact: meetings@siam . org. 

june 2003 

'' 16-20 2003 SIAM Annual Meeting, Queen Elizabeth Hotel, Mon
treal, Quebec, Canada. 
Information: Contact: meetings@siam. org. 

july 2003 

'' 1 5-1 9 SIAM Conference on Applied Linear Algebra, William and 
Mary College, Williamsburg, Virginia. 
Information: Contact: meetings@siam. org. 
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New Publications 
Offered by the AMS 

Analysis 
Recommended Text 

An Introduction to 
Measure and 
Integration 
Second Edition 
Inder K. Rana, Indian Institute 
of Technology, Powai, Mumbai 

• --- From reviews for the First Edition: 

Distinctive features include: 1) An 
unusually extensive treatment of the 

historical developments leading up to the Lebesgue integral ... 
2) Presentation of the standard extension of an abstract 
measure on an algebra to a sigma algebra prior to the final 
stage of development of Lebesgue measure. 3) Extensive treat
ment of change of variables theorems for functions of one and 
several variables ... the conversational tone and helpful 
insights make this a useful introduction to the topic ... The 
material is presented with generous details and helpful exam
ples at a level suitable for an introductory course or for 
self-study. 

-Zentralblatt MATH 

A special feature [of the book] is the extensive historical and 
motivational discussion ... At every step, whenever a new 
concept is introduced, the author takes pains to explain how the 
concept can be seen to arise naturally ... The book attempts to 
be comprehensive and largely succeeds ... The text can be used 
for either a one-semester or a one-year course at M.Sc. level .. . 
The book is clearly a labor of love. The exuberance of detail, 
the wealth of examples and the evident delight in discussing 
variations and counter examples, all attest to that ... All in all, 
the book is highly recommended to serious and demanding 
students. 

-Resonance 

Integration is one of the two cornerstones of analysis. Since 
the fundamental work of Lebesgue, integration has been inter
preted in terms of measure theory. This introductory text 
starts with the historical development of the notion of the 
integral and a review of the Riemann integral. From here, the 
reader is naturally led to the consideration of the Lebesgue 
integral, where abstract integration is developed via measure 
theory. The important basic topics are all covered: the Funda
mental Theorem of Calculus, Fubini's Theorem, Lp spaces, the 
Radon-Nikodym Theorem, change of variables formulas, and 
so on. 

The book is written in an informal style to make the subject 
matter easily accessible. Concepts are developed with the help 
of motivating examples, probing questions, and many exer
cises. It would be suitable as a textbook for an introductory 
course on the topic or for self-study. 

For this edition, more exercises and four appendices have 
been added. 

The AMS maintains exclusive distribution rights for this edition in 
North America and nonexclusive distribution rights worldwide, 
excluding India, Pakistan, Bangladesh, Nepal, Bhutan, Sikkim, and Sri 
Lanka. 

Contents: Prologue: The length function; Riemann integration; 
Recipes for extending the Riemann integral; General extension 
theory; The Lebesgue measure on IJ1l. and its properties; Inte
gration; Fundamental theorem of calculus for the Lebesgue 
integral; Measure and integration on product spaces; Modes of 
convergence and Lp-spaces; The Radon-Nikodym theorem and 
its applications; Signed measures and complex measures; 
Extended real numbers; Axiom of choice; Continuum 
hypotheses; Urysohn's lemma; Singular value decomposition 
of a matrix; Functions of bounded variation; Differentiable 
transformations; Index of symbols; References; Index. 

Graduate Studies in Mathematics, Volume 45 

July 2002, approximately 456 pages, Hardcover, ISBN 0-8218-
2974-2, LC 2002018244, 2000 Mathematics Subject 
Classification: 28-01; 28A05, 28A10, 28Al2, 28A15, 28A20, 
28A25, 28A33, 28A35, 26A30, 26A42, All AMS members $47, 
List $59, Order code GSM/ 45N 

Applications 
Recommended Text 

Available in Hardcover and Softcover Editions 

Classical and 
Quantum 
Computation 
A. Yu. Kitaev, California 
Institute of Technology, 
Pasadena, and A. H. Shen and 
M. N. Vyalyi, Independent 
University of Moscow, Russia 

This book is an introduction to a new 
rapidly developing topic: the theory of 

quantum computing. It begins with the basics of classical 
theory of computation: Turing machines, Boolean circuits, 
parallel algorithms, probabilistic computation, NP-complete 
problems, and the idea of complexity of an algorithm. The 
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second part of the book provides an exposition of quantum 
computation theory. It starts with the introduction of general 
quantum formalism (pure states, density matrices, and super
operators), universal gate sets and approximation theorems. 
Then the authors study various quantum computation algo
rithms: Grover's algorithm, Shor's factoring algorithm, and the 
Abelian hidden subgroup problem. In concluding sections, 
several related topics are discussed (parallel quantum compu
tation, a quantum analog of NP-completeness, and quantum 
error-correcting codes). 

Rapid development of quantum computing started in 1994 
with a stunning -suggestion by Peter Shor to use quantum 
computation for factoring large numbers- an extremely diffi
cult and time-consuming problem when using a conventional 
computer. Shor's result spawned a burst of activity in 
designing new algorithms and in attempting to actually build 
quantum computers. Currently, the progress is much more 
significant in the former: A sound theoretical basis of 
quantum computing is under development and many algo
rithms have been suggested. 

In this concise text, the authors provide solid foundations to 
the theory-in particular, a careful analysis of the quantum 
circuit model-and cover selected topics in depth. Some of the 
results have not appeared elsewhere while others improve on 
existing works. Included are a complete proof of the Solovay
Kitaev theorem with accurate algorithm complexity bounds, 
approximation of unitary operators by circuits of doubly loga
rithmic depth. Among other interesting topics are toric codes 
and their relation to the anyon approach to quantum 
computing. 

Prerequisites are very modest and include linear algebra, 
elements of group theory and probability, and the notion of a 
formal or an intuitive algorithm. This text is suitable for a 
course in quantum computation for graduate students in 
mathematics, physics, or computer science. More than 100 
problems (most of them with complete solutions) and an 
appendix summarizing the necessary results are a very useful 
addition to the book. It is available in both hardcover and soft
cover editions. 

Contents: Introduction; Classical computation; Quantum 
computation; Solutions; Elementary number theory; Bibliog
raphy; Index. 

Graduate Studies in Mathematics, Volume 47 

July 2002, approximately 272 pages, Hardcover, ISBN 0-8218-
2161-X, LC 2002016686, 2000 Mathematics Subject 
Classification: 68-02, 81-02; 68Qxx, 81P68, All AMS members 
$47, List $59, Order code GSM/ 47N 
July 2002, approximately 272 pages, Softcover, ISBN 0-8218-
3229-8, LC 2002016686, 2000 Mathematics Subject 
Classification: 68-02, 81-02; 68Qxx, 81P68, All AMS members 
$29, List $36, Order code GSM/ 47.SN 

Geometry and Topology 
Recommended Text 

Introduction to the 
h-Principle 
Y. Eliashberg, Stanford 
University, CA, and 
N. Mishachev, Lipetsk 
Technical University, Russia 

One of the most powerful modern 
methods of solving partial differential 
equations is Gromov's h-principle. It 
has also been, traditionally, one of the 

most difficult to explain. This book is the first broadly acces
sible exposition of the principle and its applications. 

The essence of the h-principle is the reduction of problems 
involving partial differential relations to problems of a purely 
homotopy-theoretic nature. Two famous examples of the h
principle are the Nash-Kuiper C1-isometric embedding theory 
in Riemannian geometry and the Smale-Hirsch immersion 
theory in differential topology. Gromov transformed these 
examples into a powerful general method for proving the h
principle. Both of these examples and their explanations in 
terms of the h-principle are covered in detail in the book. 

The authors cover two main embodiments of the principle: 
holonomic approximation and convex integration. The first is a 
version of the method of continuous sheaves. The reader will 
find that, with a few notable exceptions, most instances of the 
h-principle can be treated by the methods considered here. 
There are, naturally, many connections to symplectic and 
contact geometry. 

The book would be an excellent text for a graduate course on 
modern methods for solving partial differential equations. 
Geometers and analysts will also find much value in this very 
readable exposition of an important and remarkable tech
nique. 

This item will also be of interest to those working in analysis. 

Contents: Intrigue; Holonomic approximation: Jets and holo
nomy; Thorn transversality theorem; Holonomic 
approximation; Applications; Differential relations and 
Gromov's h-principle: Differential relations; Homotopy prin
ciple; Open Diff V-invariant differential relations; Applications 
to closed manifolds; Homotopy principle in symplectic geom
etry: Symplectic and contact basics; Symplectic and contact 
structures on open manifolds; Symplectic and contact struc
tures on closed manifolds; Embeddings into symplectic and 
contact manifolds; Microflexibility and holonomic R-approxi
mation; First applications of microflexibility; Microflexible 
11-invariant differential relations; Further applications to 
symplectic geometry; Convex integration: One-dimensional 
convex integration; Homotopy principle for ample differential 
relations; Directed immersions and embeddings; First order 
linear differential operators; Nash-Kuiper theorem; Bibliog
raphy; Index. 

Graduate Studies in Mathematics, Volume 48 

June 2002, approximately 198 pages, Hardcover, ISBN 0-8218-
3227-1, 2000 Mathematics Subject Classification: 58Axx, 
All AMS members $24, List $30, Order code GSM/ 48N 
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Recommended Text 

A Course in 
Differential 
Geometry and Lie 
Groups 
S. Kumaresan, University of 
Mumbai, India 

A publication of the Hindustan Book 
Agency. 

This book arose out of courses taught 
by the author. It covers the traditional topics of differential 
manifolds, tensor fields, Lie groups, integration on manifolds 
and basic differential and Riemannian geometry. The author 
emphasizes geometric concepts, giving the reader a working 
knowledge of the topic. Motivations are given, exercises are 
included, and illuminating nontrivial examples are discussed. 

Important features include the following: 
· Geometric and conceptual treatment of differential calculus 

with a wealth of nontrivial examples. 
· A thorough discussion of the much-used result on the exis

tence, uniqueness, and smooth dependence of solutions of 
ODEs. 

· Careful introduction of the concept of tangent spaces to a 
manifold. 

· Early and simultaneous treatment of Lie groups and related 
concepts. 

· A motivated and highly geometric proof of the Frobenius 
theorem. 

· A constant reconciliation with the classical treatment and 
the modern approach. 

· Simple proofs of the hairy-ball theorem and Brouwer's fixed 
point theorem. 

· Construction of manifolds of constant curvature a la Chern. 

This text would be suitable for use as a graduate-level intro
duction to basic differential and Riemannian geometry. 

This item will also be of interest to those working in algebra 
and algebraic geometry. 
Distributed worldwide except in India by the American Mathematical 
Society. 

Contents: Differential calculus; Manifolds and Lie groups; 
Tensor analysis; Integration; Riemannian geometry; Tangent 
bundles and vector bundles; Partitions of unity; Bibliography; 
List of symbols; Index. 

Number 9 

january 2002, 295 pages, Hardcover, ISBN 81-85931-29-1, 
2000 Mathematics Subject Classification: 22-01, 53-01, 
All AMS members $30, List $38, Order code HIN/ 9N 

New Publications Offered by the AMS 

Recommended Text 

Several Complex 
Variables with 
Connections to 
Algebraic Geometry 
and Lie Groups 
Joseph L. Taylor, University of 
Utah, Salt Lake City 

This text presents an integrated devel-
opment of core material from several 

complex variables and complex algebraic geometry, leading to 
proofs of Serre's celebrated GAGA theorems relating the two 
subjects, and including applications to the representation 
theory of complex semisimple Lie groups. It includes a thor
ough treatment of the local theory using the tools of 
commutative algebra, an extensive development of sheaf 
theory and the theory of coherent analytic and algebraic 
sheaves, proofs of the main vanishing theorems for these cate
gories of sheaves, and a complete proof of the finite 
dimensionality of the cohomology of coherent sheaves on 
compact varieties. The vanishing theorems have a wide variety 
of applications and these are covered in detail. 

Of particular interest are the last three chapters, which are 
devoted to applications of the preceding material to the study 
of the structure theory and representation theory of complex 
semisimple Lie groups. Included are introductions to harmonic 
analysis, the Peter-Weyl theorem, Lie theory and the structure 
of Lie algebras, semisimple Lie algebras and their representa
tions, algebraic groups and the structure of complex 
semisimple Lie groups. All of this culminates in MiliciC's proof 
of the Borel-Weil-Bott theorem, which makes extensive use of 
the material developed earlier in the text. 

There are numerous examples and exercises in each chapter. 
This modern treatment of a classic point of view would be an 
excellent text for a graduate course on several complex vari
ables, as well as a useful reference for the expert. 

This item will also be of interest to those working in analysis. 

Contents: Selected problems in one complex variable; Holo
morphic functions of several variables; Local rings and 
varieties; The Nullstellensatz; Dimension; Homological algebra; 
Sheaves and sheaf cohomology; Coherent algebraic sheaves; 
Coherent analytic sheaves; Stein spaces; Frechet sheaves
Cartan's theorems; Projective varieties; Algebraic vs. 
analytic-Serre's theorems; Lie groups and their representa
tions; Algebraic groups; The Borel-Weil-Bott theorem; 
Bibliography; Index. 

Graduate Studies in Mathematics, Volume 46 

July 2002, approximately 528 pages, Hardcover, ISBN 0-8218-
3178-X, LC 2002018346, 2000 Mathematics Subject 
Classification: 34-01, 14-01, 22-01, 43-01, All AMS members 
$59, List $74, Order code GSM/ 46N 
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Logic and Foundations 

DIMACS , 
Sc!r1ts lnPJIICftle~ 

.. ldTheon!tleaiO:mlpu~ Sd<-act 

Set Theory 
The Hajnal Conference , 

Simon 1bomas 
Editor 

Set Theory 
The Hajnal Conference 
Simon Thomas, Rutgers 
University, New Brunswick, N], 
Editor 

This volume presents the proceedings 
from the Mid-Atlantic Mathematical 
Logic Seminar (MAMLS) conference 
held in honor of Andras Hajnal at the 
DIMACS Center, Rutgers University 

(New Brunswick, NJ). Articles include both surveys and high
level research papers written by internationally recognized 
experts in the field of set theory. 

Many of the current active areas of set theory are represented 
in this volume. It includes research papers on combinatorial 
set theory, set theoretic topology, descriptive set theory, and 
set theoretic algebra. There are valuable surveys on combina
torial set theory, fragments of the proper forcing axiom, and 
the reflection properties of stationary sets. The book also 
includes an exposition of the ergodic theory of lattices in 
higher rank semisimple Ue groups-essential reading for 
anyone who wishes to understand much of the recent work on 
countable Borel equivalence relations. 

Contents: S. Adams, Containment does not imply Borel 
reducibility; ]. E. Baumgartner, Hajnal's contributions to 
combinatorial set theory and the partition calculus; C. Darby 
and ]. A. Larson, Multicolored graphs on countable ordinals of 
finite exponent; M. Dzamonja, On D-spaces and discrete fami
lies of sets; I. Farah, Analytic Hausdorff gaps; M. D. Foreman, 
Stationary sets, Chang's conjecture and partition theory; 
I. Juhasz, L. Soukup, and z. Szentmikl6ssy, A consistent 
example of a hereditarily c-Lindelof first countable space of 
size > c; P. Komjath, Subgraph chromatic number; S. Shelah, 
Superatomic Boolean algebras: Maximal rigidity; S. Thomas, 
Some applications of superrigidity to Borel equivalence rela
tions; S. Todorcevic, Localized reflection and fragments of 
PFA; B. Velickovic, The basis problem for CCC posets. 

DIMACS: Series in Discrete Mathematics and Theoretical 
Computer Science, Volume 58 

June 2002, 162 pages, Hardcover, ISBN 0-8218-2786-3, 2000 
Mathematics Subject Classification: 03E02, 03El5, 03E35, 
03£55; 03G05, 37A20, 54A35, Individual member $35, 
Ust $59, Institutional member $47, Order code DIMACS/58N 

Mathematical Physics 

Quantum Symmetries 
in Theoretical Physics 

and Mathematics 
Rober!Coquereoux. 

ArleiGarcio 
RoberloTrinchero 

Editors 

Quantum 
Symmetries in 
Theoretical Physics 
and Mathematics 
Robert Coquereaux, Centre de 
Physique Theorique, Marseille, 
France, and Centre de 
International de Rencontres 
Mathematiques, Marseille, 

France, Ariel Garcia, Max-Planck-Institut fiir 
Physik, Miinchen, Germany, and Roberto 
Trinchero, Centro At6mico Bariloche and Instituto 
Balseiro, Argentina, Editors 

This volume presents articles from several lectures presented 
at the school on "Quantum Symmetries in Theoretical Physics 
and Mathematics" held in Bariloche, Argentina. The various 
lecturers provided significantly different points of view on 
several aspects of Hopf algebras, quantum group theory, and 
noncommutative differential geometry, ranging from analysis, 
geometry, and algebra to physical models, especially in 
connection with integrable systems and conformal field theo
ries. 

Primary topics discussed in the text include subgroups of 
quantum SU (N), quantum ADE classifications and generalized 
Coxeter systems, modular invariance, defects and boundaries 
in conformal field theory, finite dimensional Hopf algebras, Ue 
bialgebras and Belavin-Drinfeld triples, real forms of quantum 
spaces, perturbative and non-perturbative Yang-Baxter opera
tors, braided subfactors in operator algebras and conformal 
field theory, and generalized (dN) cohomologies. 

Contents: N. Andruskiewitsch, About finite dimensional Hopf 
algebras; M. Dubois-Violette, Lectures on differentials, gener
alized differentials and on some examples related to 
theoretical physics; J. Bockenhauer and D. E. Evans, Modular 
invariants from subfactors; A. Ocneanu, The classification of 
subgroups of quantum SU(N); 0. Ogievetsky, Uses of 
quantum spaces; J.-B. Zuber, CFT, BCFT, ADE and all that. 

Contemporary Mathematics, Volume 294 

June 2002, 230 pages, Softcover, ISBN 0-8218-2655-7, 2000 
Mathematics Subject Classification: 16W30, 17B37, 20G42, 
81R50, 46L87, 46L37, 81T40, 82B20, 81Txx, 18G60, Individual 
member $41, Ust $69, Institutional member $55, Order code 
CONM/ 294N 
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Classified Advertisements 
Positions available, items for sale, services available, and more 

MICHIGAN 

MICHIGAN STATE UNIVERSITY 
proMSc Program in 

Industrial Mathematics 
East Lansing, Ml 48824 

Direct your students toward one of the 
professional M.Sc. programs. Industry 
needs business-savvy mathematicians. See 
http ://www.sciencemasters .com/. 

CANADA 

UNIVERSITY OF BRITISH COLUMBIA 
Department of Mathematics 

The Faculty of Science at the University of 
British Columbia is seeking applications 
for the position of head of the depart
ment of mathematics. The department, 
which currently consists of 51 professors, 
2 instructors/ lecturers, 55 graduate stu
dents, and 10 support staff is committed 
to excellence in research and education. 
The department is an advocate of the key 
interdisciplinary role of the mathematical 
sciences and is committed to its current 
programs of industrial and education out
reach. 

The department contributes essential 
scientific leadership for the Pacific Insti
tute for the Mathematical Sciences (PIMS), 
for the MITACS Network of Centres of 
Excellence, for the Banff International Re
search Station (BIRS), and for the Institute 

of Applied Mathematics (lAM). Further in
formation about the department can be 
found at http: I /www .math . ubc. ca/. 

We seek a dynamic individual with an 
excellent international research profile, a 
strong commitment to educational pro
grams at both the undergraduate and 
graduate level, an articulate vision for 
the future of the mathematics depart
ment at UBC, and demonstrated leadership 
abilities, including management, organiza
tional, and people skills. The successful 
candidate will be a strong advocate for the 
department within the university and on 
the national and international scenes. 

The position is available beginning July 
1, 2002, but a later start date is negotiable. 
The University of British Columbia hires 
on the basis of merit and is committed to 
employment equity. All qualified persons 
are encouraged to apply; however, Canadi
ans and permanent residents will be given 
priority. 

The deadline for applications is June 1, 
2002, but applications will be processed 
as soon as they are received. Applications, 
including a curriculum vitae, publication 
list, and the names and addresses (includ
ing e-mail addresses when possible) of at 
least three references, should be sent as 
soon as possible to: 

Dr. Maria Klawe 
Dean of Science 
University of British Columbia 
6270 University Blvd. 
Vancouver, B. C. 
Canada V6T 1Z4; 

tel: (604) 822-3337; 
fax: (604) 822-0677; 
e-mail: scidean@interchange. ubc. ca. 

PUERTO RICO 

UNIVERSITY OF PUERTO 
RICO AT MAYAGUEZ 

Department of Mathematics 

The Department of Mathematics invites 
applications for a tenure-track position 
at the rank of assistant professor. The 
year salary for 2002-2003 for an assistant 
professor will be $42,000. The applicant 
should have significant research accom
plishment in pure mathematics. Ability 
and strong commitment to teaching are 
required. Ability to teach in Spanish is 
highly desired, but not required. Please 
send a vitae, three letters of recommen
dation, at least one mentioning teaching 
ability and graduate school transcripts, to: 

Personnel Committee 
Department of Mathematics 
PO Box 9018 
University of Puerto Rico at Mayaguez 
Mayaguez, P.R. 00681-9018 
phone: (787) 265-3848; 
fax: (787) 265-5454 

Suggested uses for classified advertising are positions available, books 
or lecture notes for sale, books being sought, exchange or rental of 
houses, and typing services. 
The 2002 rate is $100 per inch or fraction thereof on a single column 
(one-inch minimum), calculated from top of headline. Any fractional text 
of l/ 2 inch or more will be charged at the next inch rate. No discounts for 
multiple ads or the same ad in consecutive issues. For an additional $10 
charge, announcements can be placed anonymously. Correspondence will 
be forwarded. 

2002 issue-June 26, 2002, October 2002 issue-July 25, 2002; November 
2002 issue-August 27, 2002; December 2002 issue-September 26, 2002 . 
U.S. laws prohibit discrimination in employment on the basis of color, 
age, sex, race, religion, or national origin. "Positions Available" advertise
ments from institutions outside the U.S. cannot be published unless they 
are accompanied by a statement that the institution does not discriminate 
on these grounds whether or not it is subject to U.S. Jaws. Details and 
specific wording may be found on page 1373 (vol. 44). 

Advertisements in the "Positions Available" classified section will be set 
with a minimum one-line headline, consisting of the institution name 
above body copy, unless additional headline copy is specified by the 
advertiser. Headlines will be centered in boldface at no extra charge. Ads 
will appear in the language in which they are submitted. 
There are no member discounts for classified ads. Dictation over the 
telephone will not be accepted for classified advertising. 
Upcoming deadlines for classified advertising are as follows: June/July 
2002 issue-April 24, 2002; August 2002 issue-May 24, 2002; September 

Situations wanted advertisements from involuntarily unemployed 
mathematicians are accepted under certain conditions for free publi
cation. Call toll-free 800-321-4AMS (321-4267) in the U.S. and Canada or 
401-455-4084 worldwide for further information. 
Submission: Promotions Department, AMS, P. 0 . Box 6248, Providence, 
Rhode Island 02940; or via fax: 401-331-3842; or send e-mail to 
classads@ams . org. AMS location for express delivery packages is 201 
Charles Street, Providence, Rhode Island 02904. Advertisers will be billed 
upon publication. 
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International Mathematics 
Research Notices 
Editors 

Morris Weisfeld 
Managing Editor 

Dan Abramovich 
Enrico Arbarello 
Joseph Bernstein 
Enrico Bombieri 
Richard E. Borcherds 
Jean Bourgain 
Marc Burger 
Tobias Golding 
Corrado DeConcini 
Percy Deift 
Robbert Dijkgraaf 
S. K. Donaldson 
Weinan E 
Yakov Eliashberg 
Edward Frenkel 
Dennis Hejhal 
Helmut Hofer 
Gerhard Huisken 
Yasutaka Ihara 
Masaki Kashiwara 
Carlos Kenig 
Sergiu Klainerman 
Maxim Kontsevich 
Igor Krichever 
Shigeo Kusuoka 
Gilles Lebeau 
Joachim Lohkamp 
Nicolai Makarov 
Yu. I. Manin 
Barry Mazur 
Haynes Miller 
Shigefumi Mori 
Stefan Muller 
R. V. Pandharipande 
N. Yu. Reshetikhin 
Peter Sarnak 
Freydoon Shahidi 
Stanislav Smirnov 
Michael Struwe 
G. Tian 
Takeshi Tsuji 
David Vogan 
Dan Voiculescu 
Andrei Zelevinsky 
Maciej Zworski 

Web Site: http:/ /imrn.hindawi.com 

AIMS AND SCOPE 

IMRN provides very fast publication of research articles of high current interest in all 
areas of mathematics. All articles are fully refereed and are judged by their contribution 
to advancing the state of the science of mathematics. Issues are published as frequently 
as necessary. IMRN is expected to publish 36+ issues in 2002. The articles of the IMRN 
are reviewed/indexed in COMPUMATH Citation Index, Current Contents, lSI Alerting 
Services, Mathematical Reviews, PubSCIENCE, Science Citation Index, SciSearch, and 
Zentralblatt fiir Mathematik. 

INSTRUCTIONS FOR AUTHORS 

IMRN is devoted to advancing the state of the science of mathematics by publishing 
research articles of high current interest in all fields of mathematics. Articles of any length 
are welcome and all articles are refereed and judged for correctness, interest, originality, 
depth, and applicability. There are no page charges. Submissions are made by email to 
submit@imrn.hindawi.com. An abstract for each article should be included. A copy may 
also be sent to an editor. Only an acknowledgment from the editorial office officially 
establishes the date of receipt. Submissions not prepared using 'lEX should be typed or 
printed on one side of the page, be double-spaced (including references), have ample 
margins, and be accompanied by a page that lists all potentially ambiguous notations. 
Check contact information for submission by fax or post. When articles are accepted, 
production begins immediately; authors should be available to assist the editorial 
staff. 

FORTHCOMING ARTICLES 

• A Differential Ideal of Symmetric Polynomials Spanned by Jack Polynomials 
at (3 = -(T - 1) I (k + 1), B. Feigin, M. Jimbo , T. Miwa, and E. Mukhin 

• A New Matrix-Tree Theorem, Gregor Masbaum and Arkady Vaintrob 
• Asymptotic Properties of a Family of Solutions of the Painleve Equation Pv1, 

Ovidiu Costin and Rodica D. Costin 
• Cohomological Localization for Manifolds with Boundary, DavidS. Metzler 
• Conformal Schwarzian Derivatives and Conformally Invariant Quantization, 

Sofiane Bouarroudj 
• G-Bundles, Isomonodromy, and Quantum Weyl Groups, P. P. Boalch 
• Hilbert Schemes and W Algebras, Wei-Ping Li, Zhenbo Qin, and Weiqiang Wang 
• Ideal Classes of the Weyl Algebra and Noncommutative Projective Geometry, 

Yuri Berest and George Wilson (with an Appendix by Michel Van den Bergh) 
• On a Sharp Estimate for Oscillatory Integrals Associated with the Schrodinger 

Equation, Giacomo Gigante and Fernando Soria 
• Random Delaunay Triangulations and Metric Uniformization, Gregory Leibon 
• Singular Principal Bundles over Higher-Dimensional Manifolds and Their Moduli 

Spaces, Alexander H. W. Schmitt 
• The Length of the Shortest Closed Geodesic on a 2-Dimensional Sphere, 

A. Nabutovsky and R. Rotman 

SUBSCRIPTION INFORMATION 
Institutional subscription rates for year 2002 (36+ issues) are $1190.00 for print and online 
editions , $952.00 for online edition only. Please contact orders@hindawi.com for personal 
subscription rates, multiple year subscriptions , or purchase of back volumes. Back vol
umes are available starting from the volume of 1991. IMRN is also available as part of 
"Hindawi Mathematics Bundle" and "Hindawi Journals Bundle." Subscription informa
tion for these bundles is available at http:/ /www.hindawi.com/subs.html. 

U ( N 07\Wf Hindawi Publishing Corporation, P.O. Box 3079, Cuyahoga Falls , OH 44223, USA 
II .t=\ Fax l-866-446-3294 (USA, toll-free), 31-20-5248282 (Amsterdam , Netherlands) 



Innovative New Mathematics Titles from Cambridge 

Finite Elements 
Dietrich Braess 
"Carefully written ... Braess's book introduces partial 
differential equations (PDEs) and methods used to solve 
them numerically .... Extensive and valuable bibliography. 
Recommended for graduate students." 

-Choice 
0-521-01195-7 Paperback $35.00 

Classical Covariant Fields 
Mark Burgess 
Discusses the classical foundations of field theory, using 
the language of variational methods and covariance. Its 
pragmatic view of field theory focuses on issues usually 
omitted from quantum field theory texts and catalogs 
results often hard to find in the literature. 
Cambridge Monographs on Mathematical Physics 
0-521-81363-8 Hardback $95.00 

Epidemic Modelling 
An Introduction 

DJ. Daley and J. Gani 
" ... an excellent pedagogical resource for students and 
researchers ... a lucid exposition of the basic mathematical 
methods required for the study of epidemic models. 
Students of mathematical biology. .. will find this work 
very appealing." 

-Choice 
Cambridge Studies in Mathematical Biology 15 
0-521-01467-0 Paperback $28.00 

Restricted Orbit Equivalence of 
Discrete Amenable Croups 
janet Kammeyer and Daniel Rudolph 
Offers a broad investigative tool in ergodic theory and 
measurable dynamics. The motivation for this work is that 
one may measure how similar two dynamical systems are 
by asking how much the time structure of orbits of one 
system must be distorted for it to become the other. 
Cambridge Tracts in Mathematics 146 
0-521-80795-6 Hardback $60.00 

New Directions in Hopf Algebras 
S. Montgomery and Hans-jurgen Schneider 
Considers Hopf versions of classical topics, such as the 
Brauer group, while others are closer to recent work in 
quantum groups.Also includes articles on recent progress 
in classifying finite-dimensional Hopf algebras, both in the 
semisin1ple case and in the pointed case. 
Mathematical Sciences Research Institute Publications 43 
0-521-81512-6 Hardback $70.00 

Introduction to Symmetry Analysis 
Brian j. Cantwell 
A broad, self-contained, introduction intended for graduate 
students in science, engineering and applied mathematics. 
Mathematica"-based software for fmding the Lie point 
symmetries and Lie-Backlund symmetries of differential 
equations is included on a CD along with more than forty 
sample notebooks. 
Cambridge Texts in Applied Mathematics 29 

0-521-77183-8 Hardback $130.00 
0-521-77740-2 Paperback $50.00 

Introduction to 
Lattices and Order 
Second Edition 

B.A. Davey and 
H.A. Priestley 
A key feature of ordered 
sets, emphasized in the 
text, is that they can be 
represented pictorially. 
Lattices are also consid
ered as algebraic struc
tures and hence a purely 
algebraic study is used 
to reinforce the ideas of 
homomorphisms and 
of ideals encountered 
in group theory and ring 
theory. For the new edition, much has been rewritten or 
expanded and new exercises have been added. 
0-521-78451-4 Paperback $30.00 

Now in paperback ... 

The Discrepancy 
Method 
Randomness and 
Complexity 

Bernard Chazelle 
Discusses communi
cation complexity, 
pseudo-randomness, 
rapidly mixing Markov 
chains, points on the 
sphere and modular 
forms, derandomization, 
convex hulls, and 
Voronoi diagrams, 
among other topics. 
0-521-00357-1 Paperback $36.00 

Available in bookstores or from CAMBRIDGE 800-872-7423 
us.cambridge.org/mathematics UNIVERSITY PRESS 



f 
Mathematical Word Processing • Ib-TEX Typesetting • Computer Algebra 

Suppose that a time series of q + I data points 

Yo-Y1 .Y2· · · .)'q 

i.~ given. A likelihoodjimction L gives the probability that the observed data would result 
6:om the proposed stochastic mechanism relative to all other possible outcomes (1 32]. 
The data y1 i~ a realization of the random variable x(t) . On the log scale, 11't = lny, is a 
realization of the random variable lnx(t). The likelihood function £ is 

The Gold Standard for 
Mathematical Publishing 

Scientific WorkPlace makes writing, publishing, 
and doing mathematics easier than you ever 
imagined possible. You compose and edit your 
documents directly on the screen without being 
forced to think in a programming language. A 
click of a button allows you to typeset your 

document in 15\TEX. You can also compute 

Suppose 1 hilt a time t~eric:s or q + l dntn points 

" and plot solutions with the integrated 
computer algebra system. 

With Scientific WorkPlace, 
you can produce documents 

with or without 
15\TEX typesetting. 

Yo ~ 1/1 ! ll'l• • • • ,y'l 

is given. A like/ih(l(M/ ftmcUon L gives tho probablll~y lhnt the ol)6Cn'Cd d~u 
would result from the ptoJ'XII'iC(I stochastic mechanism rclnti \'O to nil other JlO&

:Jhi<J outooml.'li [1:12]. 1'hc dutn IJt ili 11 nmlil',nl.iou vf tiH! muolum \'l'll'iubl<! :r.(t). 
On the log l«!lllc, Wt =: ln y, is n rcnlll'J~t!on of the random \llrinblc h1 x (t), The 
likcol ihood function .L is 

IUtd 

L(01, • • . ,01, v) =IT ~cxp(--21 , (1t11. - lnf(y1 ... ~,0h · ···D,.)) 2). 
1,. 1 v2r.v t. 

The tmu:imum fikclilruoll pam meter cstimnlu uro those mlut'!l of the vurmnt.'
tCfif 011 • . • , 0".-v t hnt maximize J~ (o . . .. . ,Owv), or cqui\'(llcntly thtlt mo.ximil':c 
l(01, ,., .Op, 1:),;. lu (L(OI , , . . ,Op,v)). A calr.ulnlion shuw:; 

' (1.1) 1(01 • •. , O,. , c) = -~ln(2~r) - ~ ln v - };;~r'f(O~t .. ,0,.), 

where 

r 1 (81, •••• 91,):bhty1 -ln j(y1_. 1,91, ••• ,81,)""\n(1 (v ; 1 
8 ) 

c-h h·• , ,, ) 

ore the log-residuols. Tho criticnl points (Oh····/Jy, 'V) or i nrc )(Crocs or the 
t\t~l'h11liVI$ 

cKichan 
SOFTWARE , INC . 

A few of the new features included in 
Version 4.0 are: 

• Two computer algebra engines, 
MuPAD" and Maple", so you can 
take advantage of the strengths of each 

• HTML document export, with 
mathematics exported as graphics or 
MathML 

• Configurable Symbol Cache toolbar 

• Two new manuals: 
- Typesetting Documents in Scientific 

WorkPlace" & Scientific Word" 
Version 4.0 (printed) 

- A Gallery of Document Shells for 
Scientific WorkPlace" & Scientific 
Word" Version 4.0 (on CD) 

Scientific Notebook 
The favorite for student labs! 

Includes Exam Builder. See our website for details. 

Tools for Scientific Creativity since 1981 



Because You're Living Longer and Healthier -- - - ...._ 

with smart preparation, a 
little planning and AMS's 
Group Insurance Program, 
you'll have the game of your 
life. 

You're living well and taking 
better care of yourself than 
ever- you have your career, 
family and a hearty nest egg. 
But are you taking the best 
possible care of your future? 

You can withAMS's assort
ment of plans, tailored to 
your specific needs. 

Times are changing, and you 
have to adapt to a higher cost 
of living and skyrocketing 
medical costs. 

Now is the wisest and easiest 
time to protect yourself, 
because you may be able to 
secure more affordable rates, 
as well as the peace of mind 
that comes with knowing you 
have safeguarded everything 
that really matters to you. 

Last into extra innings with 
the AMS-sponsored 
Insurance Program. 

Call1-800-424-9883 
for FREE information 
on the following 
AMS-sponsored Plans: 

• Term Life 

• Disability Income 

• Comprehensive 

HealthCare 

• Member Assistance 

• Catastrophe Major 
Medical 

• High-Limit Accident 

Insurance 

• Long Term Care 

Sponsored by: 

T he Term Life: Plan is underwritten by Conm.<crkut General Lilf: Insurance Company. T he Compr(:hcnsi\'C HealthC'.arc and H igh-Limit Accident Plans arc 
underwritten bv New York LiiC lnsur:mcc Companv. 51 Madison Ave., New York. NY 100 10. T he Member Assist-:1nccand D isability Income Plans arc under
written by Unu'm Ufe Insurance Company of r\nu:ric:~. T he C.1tasuophe M:~jor Medial Pl:tn is underwrinen by The United Stat~'$ Life Insurance Company in 
r.h<' Ciry of Ne<.v York, M~mb~r Amffiam (j'mrml Fil/lmdlll G'roup. Th..: Lo ng 'l1=rm Can· Plan is underwrinen by General Ell"Ctric Capital Assurnnc..: Company. 
All plan.~ art adminisu:n:d by Marsh Allin it~· Group St·rvices, a .~l·rvice of Seabury & Smith. ] 4!-0 t 

Adventures in 
Group Theory 
Rubik's Cube, 

Merlin's Machine, and 

Other Mathematical Toys 

David Joyner 

"This is a book on group theory that lives 
outside the usual rather dry regime of typical 

mathematics texts. In setting the book squarely 
among these puzzles, the underlying 
mathematics comes alive in quite spectacular 

fashion . "-lan W Knowles, University of 
Alabama, Birmingham 
$22.95 paperback 

What Are the Chances! 
Voodoo Deaths, Office Gossip, and 

Other Adventures in Probability 

Bart K. Holland 

"Though there are many books on the market 

that deal with applications of the theory of 
probabilities and statistics, none contain the 

variety of examples taken from everyday life 

found in this book. "- Florin Diacu, University 
of Victoria, BC, Pacific Institute for the 
Mathematical Sciences 
$24.95 hardcover 

Now in paperback 

Pascal·s Arithmetical 
Triangle 
The Story of a Mathematical Idea 

A. W. F. Edwards 

'An impressive culmination of meticulous 

research into original sources, this definitive 
study constitutes the first full -length history 

of the Arithmetic Triangle."-Mathematics 

of Computation 
$1 8 . 9 5 paperback 

Combinatorics and 
Partially Ordered Sets 
Dimension Theory 

William l Trotter 
$24.95 p~perback 

Algebra of 
Probable Inference 
Richard T Cox 
$16.95 paperback 

The Johns Hopkins 
University Press 
1-800-537-5487 • www.jhupbooks.com 



SpringerMath(9xpress 
Personalized book announcements 

to your e-mail box. 

www .springer-ny .com/express 

5 REASONS TO SUBSCRIBE: 
• Free Subscription - No charge and 

you can unsubscribe any time. 
• Personalized - Choose as many scien

tific specialties as you'd like. New 
books in the subjects you choose are 
contained in a single weekly or monthly 
e-mail (the frequency is up to you). 

• Easy Book Buying - Just click on links 
within the e-mail to purchase books via 
Springer' s new secure website. 

• Many Subjects to Choose From -
Choose from an array of specialties 
within the disciplines of Astronomy, 
Chemistry, Computing & Information 
Science, Environmental Science, Eco
nomics & Business, Engineering, 
Geoscience, Life Science, Mathemat
ics, Medicine, Physics, and Statistics. 

• The 20% Discount! 

20% OFF EVERY BOOK WE PUBUSH. 
To promote the launch of this new 
service, we're offering 20% off every 
book ordered through our website until 
June 15, 2002.* Enter S372 in the pro
motion code field of our web order form 
to receive your discount. 

www .springer-ny .com/express 

MATHEMATICS: 
• Algebra 
• Combinatorics and Graph Theory 
• Computational Mathematics and 

Scientific Computing 
• Differential Equations and Dynamical 

• General Mathematics 
• Geometry and Topology 
• Mathematical Biology 
• Mathematical Methods = • Mathematical Physics 
• Number Theory 

• ~ • 00ptimi~ationR, Contrhol Theory and 
perat10ns esearc 

• Probability Theory 
-..:::::- • Real and Complex Analysis 
~ *Discount is 20% off of list prices, and applicable 

shipping charges and taxes will be added. Offer valid 
only on orders placed on www.springer-ny.com and 
shipped within North America. Discount not valid for 
libraries or resellers. 

Cl) i Springer 



The Frederic Esser 
Nemmers Prize 
in Mathematics 

$125,000 Award 
presented by 
Northwestern 
University 

Previous winners: 

Edward Witten 
(2000) 

John H. Conway 
(1998) 

Joseph B. Keller 
(1996) 

Yuri I. Manin 
(1994) 

NORTHWESTERN 
UNIVERSITY 

Northwestern 
University 

will award the sixth 
Nemmers Prize 
in Mathematics 

in 2004, 
with nominations 

due by 
December 1, 2003. 

For further 
information, 
please write 

Secretary 
Selection Committee 

for the 
Nemmers Prizes 

Office of the Provost 
Northwestern 

University 
633 Clark Street 

Evanston, Illinois 
60208-1119 
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MANAGING EDITOR 

Svetlana Katok 

EDITORIAL BOARD 

Stuart Antman 

David Benson 

Dmitri Burago 

Mark Freidlin 

Ronald Graham 

Yitzhak Katznelson 

David Kazhdan 

Alexander Kechris 

Alexandre Kirillov 

Frances Kirwan 

Krystyna Kuperberg 

Robert Lazarsfeld 
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Walter Neumann 

Klaus Schmidt 

Richard Schoen 
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Michael Taylor 

Guido Weiss 

Zhihong Oeff) Xia 
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Volume 7, 2001 (Most Recent Articles) 

V. Balaji, I. Biswas, and D. S. Nagaraj, Principal bundles with parabolic 
structure 

Robert Lauter and Victor Nistor, On spectra of geometric operators on 
open manifolds and differentiable groupoids 

Stephen Doty and Anthony Giaquinto, Generators and relations for 
Schur algebras 

A. Yu. Ol 'shanskii and M. V. Sapir, Non-amenable finitely presented 
torsion-by-cyclic groups 

Pablo Pedregal, Fully explicit quasiconvexification of the mean-square 
deviation of the gradient of the state in optimal design 

S. A. Krat, On pairs of metrics invariant under a cocompact action of a 
group 

Gennady G. Laptev, Some nonexistence results for higher-order evolution 
inequalities in cone-like domains 

The American Mathematical Society's electronic-only journal, Electronic 
Research Announcements of the AMS (ERA-AMS), is available on the World 
Wide Web at www.ams.org/era. 

ERA-AMS publishes high-quality research announcements of significant 
advances in all branches of mathematics. Authors may submit manuscripts 
to any editor. All papers are reviewed, and the entire Editorial Board must 
approve the acceptance of any paper. Papers are posted as soon as they 
are accepted and processed by the AMS. 

ERA-AMS offers you ... 
decreased turn-around time from submission to publication 

· fast access to your specific area of interest 
· up-to-the-minute research information 

For more information about this journal, for authors, and subscription 
information, go to www.ams.org/journals/era. 

For more information, contact: 
cust-serv@ams.org 
1-800-321-4267, 1-401 -455-4000, 
fax 1-401-455-4046 

www.ams.org/era 



APPLICATION FOR 2002 
MEMBERSHIP JANUARY-DECEMBER 

WWW.AMS.ORG/MEMBERSHIP 

Please read the "Membership Categories" section of this form to determine the 
membership category for which you are eligible. Then ft/1 out this application and 
return it as soon as possible. 

Date ______ 20 

Family Name First Middle 

Place of Birth: 
City State Country 

Date of Birth: 
Day Month Year 

If formerly a member of AMS, please indicate dates _________ _ 

Check here if you are now a member of either 0 MAA or 0 SIAM 

Degrees, with institutions and dates -----------------

Present position -------------------------

Firm or institution ------------------------

City State Zip/Country 

Primary Fields of Interest (choose five from the list at right) 

Secondary Fields of Interest (choose from the list at right) 

Address for all mail 

Telephone: home:( __ ) _____ _ office: ( __ ) _____ _ 

Fax: ( __ ) _______ _ 

E-mail:--------------------------

Signature 

0 Check here if you would like to receive your dues renewal notices electronically. 

0 Check here to receive free quarterly PUBLICATIONS UPDATE by mail. 

Fields of Interest 
If you wish to be on the mailing lists to receive information about publications 
in fields of mathematics in which you have an interest, please consult the list 
of major headings below. These categories wi ll be added to your computer 
record so that you will be informed of new publications or special sales in the 
fields you have indicated. 

00 General 46 Functional analysis 
01 History and biography 47 Operator theory 
03 Mathematical logic and foundations 49 Calculus of variations and optimal 
05 Combinatorics control; optimization 
06 Order, lattices, ordered algebraic 51 Geometry 

structures 52 Convex and discrete geometry 
08 General algebraic systems 53 Differential geometry 
11 Number theory 54 General topology 
12 Field theory and polynomials 55 Algebraic topology 
13 Commutative rings and algebras 57 Manifolds and cell complexes 
14 Algebraic geometry 58 Global analysis, analysis on 
15 Linear and multilinear algebra; manifolds 

matrix theory 60 Probability theory and stochastic 
16 Associative rings and algebras processes 
17 Nonassociative rings and algebras 62 Statistics 
18 Category theory, homological 65 Numerical analysis 

algebra 68 Computer science 
19 K-theory 70 Mechanics of particles and sys-
20 Group theory and generalizations terns 
22 Topological groups, Lie groups 74 Mechanics of deformable solids 
26 Real functions 76 Fluid mechanics 
28 Measure and integration 78 Optics, electromagnetic theory 
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For millennia cryptology and 
mathematics followed separate 
paths. Now they are intimate
ly entwined, with cryptology 
influencing the development 
of mathematics and vice versa. 
In this short course we shall 
visit some of the mathematics 
that has been stimulated by 
cryptology, some of the cryp
tology that has arisen out of 
mathematical problems, and 
some of the real-world issues 
that arise when cryptosystems 
are actually implemented. 
Most talks will supplement 
what is usually found in an 
undergraduate text on cryp
tology. The listed talks will be 
given at the short course. They 
are listed in alphabetical order 
by speaker. The actual order 
will be different. To sign up 
for this course, go to www. 
maa. o rg and download the 
MathFest registration form. 

.ORGANIZED BY 
Carl Pomerance, Lucent 
Technologies, Bell Labs 

MATH FEST .. ·2002 
8 U R L I N G T 0 N , V E R M ON T A U G U S T I - 3 , 2 0 0 2 

THE ANNUAL SUM MER MEETING OF 
THE MATHEMATICAl ASSOCIATION OF AMERICA 

PART I: TUESDAY, JULY 30, 9:00AM ;_5:00 PM 

PART II: WEDNESDAY~ JULY 31, 9:00AM-5:00PM 

IMPLEMENTING PUBLIC KEY CRYPTOLOGY: THE DEVIL IS JN THE DETAILS 
Daniel Bleichenbacher, Lucent Technologies, Bell Labs 

HOW HARD IS FACTORING? 
Carl Pomerance, Lucent Technologies, Bell Labs . 

HOW HARD ARE DISCRETE LOGARITHMS? 
Carl Pomerance, Lucent Technologies, Bell Lab~, 

ELLIPTIC CURVES AND CRYPTOLOGY 
Joe Silverman, Brown University and NTRU Cryptosystems, Inc. 

LATTICES AND CRYPTOLOGY 
Joe Silverman, Brown University and NTRU Cryptosystems, Inc. 

THE GIVE AND TAKE OF MAKING AND BREAKING CRYPTOSYSTEMS 
Mike Szydlo, RSA Security, Inc. 

TEXTBOOK CRYPTOGRAPHY AND THE REAL WORLD 
Mike Szydlo, RSA Security, Inc. 

COMBINATORIAL CRYPTOGRAPHY AND THE 'TWO SHERIFFS PROBLEM' 
Peter Winkler, Lucent Technologies, Bell Labs 

COMPARISON WITHOUT DISCLOSURE 
(OR AVOIDING CRYPTOGRAPHY FOR FUN AND PROFIT) 
Peter Winkler, Lucent Technologies, Bell Labs 



CMS Summer Meeting 2002 
Universite Laval, Quebec City, Quebec, june 15-1 7, 2002 

On behalf of Laval University, the Department of Mathematics and Statistics invites all researchers, 
educators and students to the Summer 2002 Meeting of the Canadian Mathematical Society (CMS). 

Following the usual format, the meeting will include fourteen symposia, contributed papers, five 
plenary speakers, as well as the Jeffery-Williams and Krieger-Nelson lecturers and a public lecture 
presented by Jean-Marie De Koninck. 

Laval University is also very pleased to announce that, during the meeting, Professor Robert P. 
Langlands (lAS) will receive a honoris causa doctorate. 

All pre-meeting activities and scientific talks will be held at Pavilion Palasis-Prince and Pavilion 
Alexandre-Vachon, home of Laval's Faculty of Science and Engineering. 

The most up-to-date information concerning the programmes, including scheduling, will be made 
available at the following world wide web address: 

http://www.cms.math.ca/Events/summer02/ 

Meeting registration forms and hotel accommodation forms are published in the February 2002 issue 
of the CMS Notes and are also available on the website, along with on-line forms for registration and 
submission of abstracts. 

Public Lecture 
jean-Marie De Koninck (Laval University) 

Plenary Speakers 
David W. Henderson (Cornell University); Nikolai Nikol
ski (University of Bordeaux 1, Steklov Inst.); Christophe 
Reutenauer (Universite du Quebec a Montreal; Paul D. 
Seymour (Princeton University); Isadore M. Singer (MIT). 

Prizes and Awards 
The CMS jeffery-Williams Lecture will be given by Edwin . 
Perkins, University of British Columbia. 

The CMS Krieger-Nelson Lecture will be given by 
Priscilla Greenwood, University of British Columbia, 
Arizona State University. 

Honorary Degree 
Laval University is very pleased to announce that Robert 
P. Langlands (lAS) will receive a honoris causa doctor
ate. The presentation will be made during the banquet 
on Sunday, June 16, 2002. 

Symposia 
By invitation of the Meeting Committee, there will be 
symposia in the following areas. Here is the preliminary 
list of speakers. If you are interested in being an invited 
speaker in one of the symposia, it may be possible to do 
so by contacting one of the organizers of that sympo
sium. (*) Indicates tentative. 

Analysis (Org: T. Ransford, Laval University). 
L. Baribeau (Laval), A. Boivin'' (Western), T. Bloom* 

(Toronto), A. Brudnyi (Calgary), Y. Chen (Lakehead), 
B. Cole* (Brown), D. Coman'' (Syracuse), G. Dafni (Con-

cordia), R. Fournier (Montreal), A. Fraser'' (Dalhousie), 
P. Gauthier (Montreal), F. Larusson* (Western), N. Lev
enberg1' (Syracuse),]. Mashreghi (Laval), E. Poletsky (Syra· 
cuse), D. Rochon'' (UQTR), ]. Rostand (CRD, Ottawa), 
Z. Slodkowski (Illinois-Chicago), P. Vitse (Bordeaux/Laval), 
]. Wermer (Brown). 

Arithmetic Algebraic Geometry (Org: Kumar Murty 
and P. Sastry, University of Toronto). 

D. Arapura (Purdue), N. Boston (Illinois-Urbana), B. Con
rad'' (Michigan), H. Darmon (McGill), E. Goren (McGill), 
H. Kisilevsky (Concordia), ]. Lewis (Alberta), R. Murty 
(Queen's), R. Takloo-Bighash (Princeton), Y. Zarhin (Penn 
State). 

Associative Algebras (Org: I Assem, University of 
Sherbrooke, and F. Huard, Bishop's University). 

I. Assem (Sherbrooke), ]. Bilodeau (Toronto), R.-0. 
Buchweitz'' (Toronto), ]. C. Bustamante (Sherbrooke), 
F. Huard (Bishop's), M. Kleiner (Syracuse), M. Lanzilotta 
(Republica, Uruguay), ]. Levesque (Sherbrooke), S. Liu* 
(Sherbrooke), A. Martsinkovsky (Northeastern), 
R. Raphael* (Concordia), D. Zacharia* (Syracuse). 

Category Theory (Org: R. Pare, Dalhousie Univer
sity). 

M. Barr (McGill), R. Elute (Ottawa), M. Bunge (McGill), 
R. Cockett (Calgary), R. Dawson (Saint Mary's),]. Duskin 
(SUNY-Buffalo), P. Freyd (Pennsylvania), D. Garraway 
(Colby), A. Joyal (UQAM), F. Linton (Wesleyan), W. Mac
Caull (St Francis Xavier),]. MacDonald (British Columbia), 
M. Makkai (McGill), S. Niefield (Union), R. Pare (Dalhousie), 
D. Pronk (Dalhousie), R. Rosebrugh (Mount Allison), 
P. Scott (Ottawa), R. Seely (McGill),]. Wick Pelletier (York), 
R. Wood (Dalhousie). 

Combinatorics (Org: C. Chauvre, UQAM, S. Corteel, 
CNRS and UQAM, and P. Leroux, UQAM). 



F. Bergeron (UQAM), M. Bousquet (UQAM), M. Bousquet
Melou (UQAM/ Bordeaux), I. Gessel (Waltham), I. Goulden 
(Waterloo), A. Goupil (UQAM), G. Labelle (UQAM), 
P. Lalonde (UQAM), V. Liskovets (Minsk), ]. Morse (Penn 
State), I. Pak (Boston), J. Propp* (Wisconsin), F. Ruskey 
(Victoria), C. Savage (North Carolina), G. Schaeffer (Nancy), 
R. Stanley (MIT), J.-Y. Thibon (Paris), B. van Rensburg 
(Toronto), X. Viennot (Bordeaux), T.R. Walsh (UQAM), 
]. West (Victoria), C. Yan (College Station), D. Zeilberger 
(Princeton), ]. Zeng (Lyon). 

Cryptography (Org: D. Stinson, University of Water
loo, and H. Williams, University of Calgary). 

M. Bauer (Waterloo), D. Bernstein (Illinois-Chicago), 
I. Blake (Toronto), D. Brown (Certicom), P. D'Arco (Water
loo), G. Gong (Waterloo), S. Hamdy (Calgary), A. Hasan 
(Waterloo), M. Jacobson (Manitoba), R. LaFlamme (Water
loo), S. Magliveras (Florida Atl.), R. Mollin (Calgary), 
K. Murty (Toronto), N. Pippenger (UBC), R. Scheidler (Cal
gary), A. Silverberg (Ohio State), A. Stein (illinois-Urbana), 
S. Tavares (Queen's), E. Teske (Waterloo), G. Walsh 
(Ottawa), R. Wei (Lakehead). 

Differential Geometry (Org: J. Chen, University of 
British Columbia). 

C. Arezzo (Universita di Parma), J. Bryan (UBC), 
X. Chen (Princeton), A. Fraser (Brown), X. Liu (Notre 
Dame), P. Lu (McMaster), Z. Lu (California-Irvine), 
D. Matessi (Montreal) , W. Minicozzi* (Johns Hopkins), 
M. Minoo (McMaster), G. Tian* (MIT),]. Viaclovsky (MIT), 
]. Wang (Minnesota), M. Wang (McMaster) , R. Wentworth 
(Johns Hopkins). 

Dynamical Systems (Org: Michael Radin, RIT). 
B. Brooks (RIT), S. A. Campbell (Waterloo), M.G. Cojo

caru (Queen's), B. Dionne (Ottawa), C. Kent (VCU), W. Kos
mala (ASU), V. LeBlanc (Ottawa), S. Maggelakis (RIT), 
A. Novruzi (UBC), M.A. Radin (RIT), H. Sedaghat (VCU), 
C. Stoica (Victoria). 

Graph Theory (Org: B. Alspach, University of Regina). 
P. Balister* (Memphis), E. Dobson (Mississippi State), 

L. Goddyn (Simon Fraser), P. Hell (Simon Fraser), 
]. Janssen1' (Dalhousie), D. Marusic (Ljubljana), M. Muzy
chuk' (Netanya), M. Sajna (Regina), M. Schultz (UNL V), 
D. Witte (Oklahoma State), X. Yu (Georgia Tech), C.-Q. 
Zhang (West Virginia). 

Mathematical Education The teaching and learning 
of geometry: Why, what, how ( Org: F. Gourdeau and 
B. R. Hodgson, Laval University). 

]. Baracs (Montreal), D. W. Henderson (Cornell), 
M. Sinclair (York) , W. Whiteley (York). 

Those interested in contributing to the Mathematical 
Education session are invited to contact F. Gourdeau 
(fredg@mat.ulaval . ca)orB.R.Hodgson(bhodgson@ 
mat.ulaval.ca). 

Mathematics of Finance (Org: Hassan Manouzi, Laval 
University). 

Those interested in contributing to the Mathematics 
of Finance session are invited to contact H. Manouzi 
(hm@mat.ulaval.ca). 

Number Theory (Org: A. Akbary and 0. Kihei, Uni
versity of Lethbridge). 

E. Benjamin* (Maine), D. Bradley (Maine-Orono), 
S. Choi (Simon Fraser), A. Cojocaru (Queen's), C. Cum-

mins (Concordia), C. Cunningham (Calgary), H. Darmon 
(McGill), C. David (Concordia), L. Davison (Laurentian), 
].-M. De Koninck (Laval), S. El Morchid* (Casablanca), 
E. Goren (McGill), ]. G. Huard (Canisius C.), C. Ingalls 
(New Brunswick), R. Mollin (Calgary), R. Murty (Queen's), 
A. Ozluk (Maine), D. Roy (Ottawa), A. Sebbar (Ottawa), 
C. Stewart (Waterloo), F. Thaine (Concordia), G. Walsh 
(Ottawa). 

Probability Theory (Org: D. Dawson, Carleton Uni
versity and G. Slade, University of British Columbia). 

M. Barlow (UBC), T. Cox (Syracuse), D. Dawson (Car
leton/ McGill), R. Durrett (Cornell), W. Hong (Carleton), 
N. Madras (York), C. Mueller (Rochester), J. Quastel 
(Toronto), A. Sakai (UBC), G. Slade (UBC),]. Walsh (UBC), 
X. Zhou (Concordia). 

Universal Algebra (Org: J. Hyndman and S. Wismath, 
University of Lethbridge). 

C. Bergman (Iowa State), G. Gratzer (Manitoba), L. Had
dad'' (RMCC), B. Larose (Concordia), G. McNulty'' (South 
Carolina),]. B. Nation (Hawaii), B. Sands (Calgary), M. Vale
riote (McMaster), R. Willard'' (Waterloo),]. Young (Iowa 
State). 

Contributed Papers Session (Org: N. Lacroix and 
C. Levesque, Laval University). 

Contributed papers of 15 minutes duration are 
solicited. In order to provide a broader audience, there 
will be parallel sessions of and only of contributed 
papers: (no lecture in the 13 other sessions). Abstracts 
for CMS contributed papers should be prepared as spec
ified below. For an abstract to be eligible, the abstract 
must be received before May 15, 2002. The abstract 
must be accompanied by its contributor's registration 
form and payment of the appropriate fees. 

Travel Grants for Graduate Students 
Limited funds are available to partially fund the travel 
and accommodation costs for graduate students. For 
more information, please contact the Meeting Commit
tee at gradtravel-summer02@cms.math.ca. Further 
details regarding deadlines and application procedures 
are available on our website. 

Social Events and Exhibits 
A welcoming reception will be held Friday, June 14, 
from 7:00 to 9:00 p.m. in the lobby of Pavilion Palasis
Prince of Laval University. The Delegates' Luncheon will 
be held on Saturday, June 15, from 12:00 to 2:00p.m. 
(location to be announced). A ticket to this luncheon is 
included in all registration fee categories. A banquet 
will be held on Sunday, June 16, from 7:30p.m. at the 
Musee du Quebec, Pare des Champs-de-Bataille, pre
ceded by a cash bar at 6:30 p.m. in le Grand hall. Tick
ets to this event are available at $50.00 each. Coffee and 
juice will be available during the scheduled breaks. 

Exhibits will be open during specified hours during 
the conference. 

Business Meetings 
The CMS will be holding business meetings during the 
course of the meeting. Additional information will be 



provided in later announcements and may be found on 
the Society's website. 

Submission of Abstracts 
Abstracts for all talks will be published in the meeting 
programme and will also be available at http: I I ems . 
math.ca/CMS/Events/summer02/. 

Detailed instructions on the submission of abstracts 
may be found on the website. 

Important deadlines for submission of abstracts: 

Invited Speakers : April 1, 2002 

Contributed Papers: May 15, 2002. 

Registration 
The registration form will appear in the February 2002 
issue of the CMS Notes. Electronic pre-registration is also 
available at http: I /www. ems . math. ca/CMS/Events/ 
summer02/forms.html. 

Payment for preregistration may be made by cheque, 
or by VISA or MasterCard. Although registration fees are 
given in Canadian dollars, delegates may send cheques 
in US dollars by contacting their financial institution for 
the current exchange rate. 

Please note that payment must be RECEIVED IN 
OTTAWA on or before May 1 in order to qualify for 
reduced rates. In order for your payment to be processed 
before the meeting, it should be received by May 31. 

Delegate's Luncheon included 

Plenary speakers/ prize lecturers 

Session speakers 

Organizers 

Non-members 

CMS/ AMS/ MAA members 
with grants 

CMS/ AMS/ MAA members 
without grants 

One-day fee 

Postdocs, retired 

Teachers (K-12, CEGEP), 
students, unemployed 

Banquet 
(free for plenary/ prize speakers) 

CMS = Canadian Mathematical Society 
AMS = American Mathematical Society 

Before After 
May 1 May 1 

$ 0 $ 0 

215 215 

145 145 

430 560 

290 375 

145 190 

195 255 

110 145 

55 70 

50 50 

MAA = Mathematical Association of America 

Refund Policy 
Delegates wishing to cancel their registration must notify 
the CMS Executive Office in writing before May 31 to 
receive a refund less a $40 processing fee. Those whose 

contributed paper has not been accepted will upon 
request be fully refunded. 

Accommodation 
It is recommended that those attending the conference 
book early to avoid disappointment. Blocks of rooms have 
been reserved atthe locations given below and Willbe 
held until the deadlines specified below. Reservations not 
made by that date will be on a request only, space avail
able basis. Rates are per room, per night and are quoted 
in Canadian dollars. Where applicable, and in order for 
your room to be applied against our block, please quote 
the group code. More detailed information about accom
modation choices and reservation forms are available on 
the website. 

Chateau Bonne Entente 
3400, chemin Sainte-Foy, 
Quebec (Quebec) Canada G1X 1S6 
Check-in: 3:00 p.m.; Check-out: 1:00 p.m. 
Applicable taxes: GST (7%), PST (7.5%) 
Deadline: May 4, 2002-Group Code: ULMATHS 
Phone: 418-653-5221; toll-free: 800-463-4390 
FAX: 418-653-3098 
http://www.chateaubonneentente.com/ 
E-mail: hotel@chateaubonneentente.com 
Parking: free 
Rates: $79, motel section, single/double occupancy 
$135, luxury section, single/double occupancy 
$16 5, superior section, single/ double occupancy 
Other room types and suites are also available. 
(Children 12 yrs old and under sharing parents' 
accommodation are complimentary.) 

Hotel Quartier 
2955, Boulevard Laurier, 
Sainte-Foy (Quebec) Canada G1V 2M2 
Check-in: 3:00-4:00 p.m.; Check-out: 12:00 noon 
Applicable taxes: GST (7%), PST (7.5%) 
Deadline: May 10, 2002-Group Code: 1306soc 
Phone: 418-650-1616; Toll-free: 1-888-818-5863 
FAX: 418-650-6611 
http://www.hotelquartier.com/ 
E-mail: i nfo@hote 1 quarti e r. com 
Parking: free; Local calls: free 
Rates: $69, single/ double occupancy 
(Children 11 yrs old and under sharing parents' 
accommodation are complimentary.) 

Hotel Universe! 
2300, chemin Ste-Foy, 
Sainte-Foy (Quebec) Canada GlV ISS 
Check-in: 3:00p.m.; Check-out: 12:00 noon 
Applicable taxes: Hotel tax ($2 per night) + GST (7%), 
PST (7.5%) 
Deadline: May 10, 2002-Group Code: Reunion d'ete 2002 
Phone: 418-653-5250, toll-free: 800-463-4495 
FAX: 418-653-4486 
http://www.hoteluniversel.qc.ca/ 
E-mail: info@hoteluniversel.qc.ca 

' 



Parking: free 
Rates: $75, single/double occupancy 
$10, each additional person 
(Children 16 yrs old and under sharing parents' 
ccommodation are complimentary.) 

Laval University Residences 
Summer Housing, Local1618, 
pavilion Alphonse-Marie-Parent 
Cite universitaire, Quebec (Quebec) Canada G1K 7P4 
Check-in: 2:00p.m.; Check-out: 11:00 a.m. 
Applicable taxes: GST (7%), PST (7.5%) 
Deadline: May 10, 2002 Group Code: 80181 
Phone: 418-656-5632 
FAX: 418-656-2335 
http://www.ulaval.ca/sres/ 
E-mail: hebergement@s res. ul ava l . ca 
Parking: free (ask for parking permit) 
Rates: $38, single occupancy, (incl. breakfast & daily 
linen change) 

Child Care 
The following information was provided by the three 
meeting hotels. Advance research and arrangements are 
recommended. The Chateau Bonne Entente does provide 
in house child care services. Please contact the hotel 
directly at 418-653-5221 to make enquiries. Both the 
Hotel Quartier and Hotel Universe! recommend the 
firm of Service de gardiennes et d'aides familiale de 
Quebec, 1323 Ave Maguire, local 102, Sillery G1 T 1Z2. 
Please contact them directly at 418-659-3778. After nor
mal business hours, please call418-576-8258. There is 
no current information regarding child care options at 
the University Residences. Updates will be posted to our 
website as they become available. 

Travel and Parking 
This historic city is a great vacation spot and we hope 
you will take the opportunity to bring your family, stay 
a few extra days, and really enjoy this beautiful city. 
Detailed information regarding Laval University and 
Quebec City, including links to tourism information are 
available on the website. For those not staying at Laval 
Residences, campus parking near the conference site is 
by means of a Pay and Display system. We recommend 
that you have change available for the parking permit 
dispensers. 
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IMPORTANTINFORMATIONREGARDING MEETINGS PROGRAMS: AMS Sectional Meeting programs do not appear 
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electronic issue of the Notices as noted below for each meeting. 

Montreal, Quebec 
Canada 
Centre de Recherches Mathematiques, 
Universite de Montreal 

May 3-5,2002 

Meeting #976 
Eastern Section 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: March 2002 
Program first available on AMS website: March 21, 2002 
Program issue of electronic Notices: May 2002 
Issue of Abstracts: Volume 23, Issue 3 

Deadlines 

For organizers: Expired 
For consideration of contributed papers in Special Sessions: 

Expired 
For abstracts: Expired 

Invited Addresses 

Nicholas M. Ercolani, University of Arizona, Title to be an
nounced. 

Lars Hesselholt, Massachusetts Institute of Technology, 
Title to be announced. 

Niky Kamran, McGill University, Wave equations in Kerr 
geometry. 

Rafael de la Uave, University of Texas at Austin, Title to 
be announced. 

Special Sessions 

Asymptotics for Random Matrix Models and Their Appli
cations, Nicholas M. Ercolani, University of Arizona, and 
Kenneth T.-R. Mclaughlin, University of North Carolina 
at Chapel Hill and University of Arizona. 

Combinatorial Hop{ Algebras, Marcelo Aguiar, Texas A&M 
University, and Fran<;ois Bergeron and Christophe 
Reutenauer, Universite du Quebec a Montreal. 

Combinatorial and Geometric Group Theory, Olga G. Khar
lampovich, McGill University, Alexei Myasnikov and 
Vladimir Shpilrain, City College, New York, and Daniel 
Wise, McGill University. 

Commutative Algebra and Algebraic Geometry, Irena 
Peeva, Cornell University, and Hema Srinivasan, Univer
sity of Missouri-Columbia. 

Curvature and Topology, Regina Rotman, Courant Insti
tute, New York University, Christina Sormani, Lehman 
College, CUNY, and Kristopher R. Tapp, SUNY at Stony 
Brook. 

Function Spaces in Harmonic Analysis and PDEs, Galla D. 
Dafni and Jie Xiao, Concordia University. 

Potential Theory, Paul M. Gauthier, Universite de Mon
treal, K. Gowri Sankaran, McGill University, and David H. 
Singman, George Mason University. 
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Shape Theory in Dynamics, Alex Clark, University of North 
Texas, and Krystyna M. Kuperberg, Auburn University. 

Spectral Geometry, Dmitry Jakobson, McGill University, and 
Yiannis Petridis, McGill University and Centre de 
Recherches Mathematiques. 

Pisa, Italy 
June 12- 16,2002 

Meeting #977 
First ]oint International Meeting between the AMS and the 
Unione Matematica Italiana. 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: March 2002 
Program first available on AMS website: Not applicable 
Program issue of electronic Notices: Not applicable 
Issue of Abstracts: Not applicable 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Sessions: 

Expired 
For abstracts: Expired 

Invited Addresses 

Luigi Ambrosio, Scuola Normale Superiore, Title to be an
nounced. 

Luis A. Caffarelli, University of Texas at Austin, Title to 
be announced. 

Claudio Canuto, Politecnico of Torino, Title to be an
nounced. 

L. Craig Evans, University of California Berkeley, Title to 
be announced. 

Giovanni Gallavotti, University of Rome I, Title to be an
nounced. 

Sergiu Klainerman, Princeton University, Title to be an
nounced. 

Rahul V. Pandharipande, California Institute of Technol
ogy, Title to be announced. 

Claudio Procesi, University of Roma, Title to be announced. 

Special Sessions 

Advances in Complex, Contact and Symplectic Geometry, 
Paolo De Bartolomeis, University of Firenze, Yakov Eliash
berg, Stanford University, Gang Tian, MIT, and Giuseppe 
Tomassini, Scuola Normale Superiore, Pisa. 

Advances in Differential Geometry of PDEs and Applications, 
Valentin Lychagin, New Jersey Institute of Technology, and 
Agostino Prastaro, University of Roma, La Sapienza. 

Algebraic Logic and Universal Algebra, Paolo Agliano, 
University of Siena, Keith A. Kearnes, University of Col
orado, Franco Montagna, University of Siena, Don Pigozzi, 
Iowa State University, and Aldo Ursini, University of Siena. 

Meetings & Conferences 

Algebraic Vector Bundles, Vincenzo Ancona, University of 
Firenze, Mohan Kumar, Washington University, Giorgio 
Maria Ottaviani, University of Firenze, Christopher 
Peterson, Colorado State University, and Prabhakar Rao, 
University of Missouri. 

Analytic Aspects of Convex Geometry, Stefano Campi, Uni
versity of Modena, Richard Gardner, Western Washington 
University, Erwin Lutwak, Polytechnic University Brook
lyn, and Alijosa Volcic, University of Trieste. 

Classification Theory and Topology of Algebraic Varieties, 
Fabrizio Catanese, University of Gottingen, Janos Kollar, 
Princeton University, and Shing-Tung Yau, Harvard Uni
versity. 

Commutative Algebra and the Geometry of Projective Va
rieties, Ciro Ciliberto, University of Roma II, Anthony 
Geramita, University of Genova, Rick Miranda, Colorado 
State University, and Ferruccio Orecchia, University of 
Napoli. 

Commutative Algebra: Hilbert Functions, Homological Meth
ods and Combinatorial Aspects, Aldo Conca, University of 
Genova, Anna Guerrieri, University of L'Aquila, Claudia 
Polini, University of Oregon, and Bernd Ulrich, Michigan 
State University. 

Commutative Rings and Integer-valued Polynomials, Ste
fania Gabelli, University of Roma ill, and Thomas G. Lucas, 
University of North Carolina Charlotte. 

Complex, Contact and Quaternionic Geometry, David E. 
Blair, Michigan State University, and Stefano Marchiafava, 
University of Roma, La Sapienza. 

Contemporary Developments in Partial Differential Equa
tions and in the Calculus of Variations, Irene Fonseca, 
Carnegie Mellon University, and Paolo Marcellini, Univer
sity of Firenze. 

Didattica della Dimostrazione, Ferdinanda Arzarello, Uni
versity of Torino, Guershon Harel, Purdue University, and 
Vinicio Villani, University of Pisa. 

Dynamical Systems, Antonio Giorgilli, University of Milano
Bicocca, Stefano Marmi, Scuola Normale Superiore, Pisa, 
and John Norman Mather, Princeton University. 

Elliptic Partial Differential Equations, Angelo Alvino, Uni
versity of Napoli, Luis Caffarelli, University of Texas, Gior
gio Talenti, University of Firenze, and Vladimir Oliker, 
Emory University. 

Equazioni di Evoluzione Nonlineari, Alberto Tesei, Uni
versity of Roma, La Sapienza, and Wei-Ming Ni, University 
of Minnesota, Minneapolis. 

Free Boundary Problems, Ricardo Horacio Nochetto, Uni
versity of Maryland, College Park, and Augusto Visintin, 
University of Trento. 

Geometric Properties of Solutions to PDEs, Donatella 
Danielli, Purdue University, and Sandro Salsa, Politecnico 
of Milano. 

Harmonic Analysis, Fulvio Ricci, Scuola Normale Superi
ore, Pisa, and Elias M. Stein, Princeton University. 
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Higher Dimensional Algebra, John Baez, University of 
California, Riverside, and Giuseppe Rosolini, Univer
sity of Genova. 
History of Mathematics, Piers Bursil-Hall, Cambridge Uni
versity, Enrico Giusti, University of Firenze, and James J. 
Tattersall, Providence College. 

Hyperbolic Equations, Sergiu Klainerman, Princeton Uni
versity, and Sergio Spagnolo, University of Pisa. 

Hyperbolic Systems of Conservation Laws, Alberto Bressan, 
SISSA, Trieste, and Shi Jin, University of Wisconsin. 

Inverse Boundary Problems and Applications, Giovanni 
Alessandrini, University of Trieste, and Gunther Uhlmann, 
University of Washington. 
jump Processes in Option Pricing Theory, Claudio Albanese, 
University of Toronto, and Marco Isopi, University of Bari. 

Kolmogorov Equations, Giuseppe Da Prato, Scuola Normale 
Superiore, Pisa, and Nicolai V. Krylov, University of Min
nesota. 
Logarithmic DeRham Cohomology and Dwork Cohomol
ogy, Alan Adolphson, Oklahoma State University, Still
water, Francesco Baldassarri, University of Padova, Arthur 
Ogus, University of California Berkeley, and Steven Sper
ber, University of Minnesota, Minneapolis. 

Mathematical Problems in Soft Matter Modelling, Eugene 
C. Gartland, Kent State University, and Epifanio Virga, Uni
versity of Pavia. 
Mathematical Problems in Transport Theory, Carlo Cer
cignani, Politecnico of Milano, and Irene Gamba, Univer
sity of Texas. 
Mathematical Schools: Italy and the United States at the Tum 
of the Twentieth Century, Umberto Bottazzini, University 
of Palermo, and Karen Hunger Parshall, University of Vir
ginia. 

Mathematics in Polymer Science, Antonio Fasano, Univer
sity of Firenze, and Kumbakonam R. Rajagopal, Texas A&M 
University. 
Microlocal A nalysis and Applications to PDE, Daniele Del 
Santo, University of Trieste, M. K. Venkatesha Murthy, Uni
versity of Pisa, and Daniel Tataru, Northwestern Univer
sity. 
Nonlinear A nalysis, Antonio Ambrosetti, SISSA, Trieste, 
Vieri Benci, University of Pisa, Haim Brezis, Rutgers Uni
versity, and Paul Rabinowitz, University of Wisconsin. 

Nonlinear Elliptic and Parabolic Equations and Systems, 
Gary Lieberman, Iowa State University, and Antonio 
Maugeri, University of Catania. 

Nonstandard Methods and Applications in Mathematics, 
Alessandro Berarducci, University of Pis a, Nigel Cutland, 
University of Hull, Mauro Di Nasso, University of Pis a, and 
David Ross, University of Hawaii. 

Operator A lgebras, Sergio Doplicher, University of Roma, 
La Sapienza, and Edward George Effros, University of Cal
ifornia Los Angeles. 
Optimization and Control, Roberto Triggiani, University 
of Virginia, and Tullio Zolezzi, University of Genova. 

Partial Differential Equations of Mixed Elliptic-Hyperbolic 
Type and Applications, Daniela Lupo, Politecnico of Milano, 
Cathleen S. Morawetz, Courant Institute, and Kevin R. 
Payne, University of Milano. 

Periodic Solutions of Differential and Difference Equations, 
Massimo Furi, University of Firenze, and Mario Umberto 
Martelli, Claremont McKenna College. 

Poisson Geometry and Integrable Systems, Franco Magri, 
University of Milano, and Ping Xu, Pennsylvania State Uni
versity. 

Quantum Cohomology and Moduli Spaces, Angelo Vistoli, 
University of Bologna, and Aaron Bertram, University of 
Utah. 
Scaling Limits and Homogenization Problems in Physics 
and Applied Sciences, Mario Pulvirenti, University of Roma, 
and George Papanicolaou, Stanford University. 

Semigroups of Operators and Applications, Francesco Al
tomare, University of Bari, and Frank Neubrander, 
Louisiana State University. 

Semigroups, Automata and Formal Languages, Alessandra 
Cherubini, Politecnico of Milano, and John Meakin, Uni
versity of Nebraska-Lincoln. 

Some Mathematics Around Composites, Robert V. Kohn, 
Courant Institute, and Vincenzo Nesi, University of Roma, 
La Sapienza. 

Structured Matrix Analysis with Applications, Dario Andrea 
Bini, University of Pisa, and Thomas Kailath, Stanford 
University. 

The Topology of 3-manifolds, Ricardo Benedetti and Carlo 
Petronio, University of Pisa, Dale Rolfsen, University of 
British Columbia, Vancouver, and Jeffrey Weeks, Canton, 
New York. 
Variational Analysis and Applications, Franco Giannessi, 
University of Pisa, Boris S. Mordukhovich, Wayne State Uni
versity, Detroit, Biagio Ricceri, University of Catania, and 
R. Tyrrell Rockafellar, University of Washington. 

Viscosity Methods in PDEs and Applications, Piermarco 
Cannarsa, University of Roma II, Italo Capuzzo Dolcetta, 
University of Roma, La Sapienza, and Panagiotis Sougani
dis, University of Texas, Austin. 

Mzite Noise Theory and Quantum Probability, Luigi Accardi, 
University of Roma, Tor Vergata, and Hui-Hsiung Kuo, 
Louisiana State University. 

Portland, Oregon 
Portland State University 

June 20-22,2002 

Meeting #978 
Meeting held in conjunction with the Pacific Northwest Sec
tion of the Mathematical Association of America. 
Western Section 
Associate secretary: Bernard Russo 
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Announcement issue of Notices: April 2002 
Program first available on AMS website: May 9, 2002 
Program issue of electronic Notices: June 2002 
Issue of Abstracts: Volume 23, Issue 2 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Sessions: 

Expired 
For abstracts: April 30, 2002 
For summaries of papers to MAA organizers: Various 

Joint Invited Addresses 

Kenneth A. Ribet, University of California Berkeley, Title 
to be announced (AMS-MAA Invited Address). 

AMS Invited Addresses 

Richard W. Montgomery, University of California Santa 
Cruz, Variational methods for theN -body problem. 

Edriss S. Titi, University of California Irvine, Title to be an
nounced. 

Michael Wolf, Rice University, Minimal surfaces, flat struc
tures, and moduli spaces. 

MAA Invited Addresses 

Edward B. Burger, Williams College, Innovative Experi
ments ... and how I Survived Them. 

Tina H. Straley, Mathematical Association of America, 
The MAA 's Role in the Future of Undergraduate Mathe
matics. 
Jim H. Valerio, Intel Desktop Architecture Labs, Improv
ing PC Graphics. 

AMS Special Sessions 

Algebraic Geometry and Combinatorics (Code: AMS SS Bl), 
Eric Babson and Rekha Thomas, University of Washing
ton, and Sergey Yuzvinsky, University of Oregon. 

Association Schemes and Distance-Regular Graphs (Code: 
AMS SS Jl), JohnS. Caughman, Portland State University, 
and Paul M. Terwilliger, University of Wisconsin. 

Flat Structures, Moduli Spaces, and Minimal Surfaces (Code: 
AMS SS Fl), Matthias Weber, Indiana University, and 
Michael Wolf, Rice University. 

Low Dimensional Homotopy and Combinatorial Group The
ory (Code: AMS SS Hl), F. Rudolf Beyl and Paul Latiolais, 
Portland State University, William A. Bogley, Oregon State 
University, and Micheal N. Dyer, University of Oregon. 
Mathematical Biology (Code: AMS SS Dl), RichardS. Go
mulkiewicz, Washington State University, and Sebastian 
Schreiber, Western Washington University. 

Matroid Theory (Code: AMS SS El), Jennifer M. McNulty, 
University of Montana, and Nancy Ann Neudauer, Pacific 
University. 

Qualitative Properties and Applications of Functional Equa
tions (Code: AMS SS Al), Theodore A. Burton, Southern Illi
nois University. 

Meetings & Conferences 

Quantum Topology(Code: AMS SS Gl), Douglas G. Bullock, 
Joanna M. Kania-Bartoszynska, and Uwe Kaiser, Boise 
State University. 

The Quintic Equation: Algebra and Geometry (Code: AMS 
SS Cl), Jerry Shurman, Reed College, and Scott Crass, 
California State University, Long Beach. 

Boston, 
Massachusetts 
Northeastern University 

October 5-6, 2002 

Meeting #979 
Eastern Section 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: August 2002 
Program first available on AMS website: August 22, 2002 
Program issue of electronic Notices: October 2002 
Issue of Abstracts: Volume 23, Issue 4 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Sessions: 

June 18, 2002 
For abstracts: August 13, 2002 

Invited Addresses 

Lou P. van den Dries, University of Illinois, Urbana-Cham
paign, Title to be announced. 

Hillel Furstenberg, Einstein Institute of Mathematics, Title 
to be announced (Erdos Memorial Lecture). 

Diane Henderson, Pennsylvania State University, Title to 
be announced. 

Christopher K. King, Northeastern University, Title to be 
announced. 

Xiaobo Liu, University of Notre Dame, Title to be an
nounced. 

Special Sessions 

Developments and Applications in Differential Geometry 
(Code: AMS SS Cl), Chuu-Lian Terng, Northeastern Uni
versity, and Xiaobo Liu, University of Notre Dame. 

Ergodic Theory and Dynamical Systems (Code: AMS SS Bl), 
Stanley J. Eigen, Northeastern University, and Vidhu S. 
Prasad, University of Massachusetts, Lowell. 

Hilbert Schemes (Code: AMS SS Gl), Mark De Cataldo, 
SUNY at Stony Brook, and Anthony A. Iarrobino, North
eastern University. 

Modern Schubert Calculus (Code: AMS SS Al), Frank Sot
tile, University of Massachusetts, Amherst, and Christo
pher T. Woodward, Rutgers University. 
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Number Theory and Arithmetic Geometry (Code: AMS SS 
Dl), Matthew A. Papanikolas, Brown University, and Siman 
Wong, University of Massachusetts, Amherst. 

Quantum Information Theory (Code: AMS SS ]1), Christo
pher K. King, Northeastern University, and Mary Beth 
Ruskai, University of Massachusetts Lowell. 

Quivers and Their Generalizations (Code: AMS SS El), Alex 
Martsinkovsky, Gordana G. Todorov, jerzy M. Weyman, 
and Andrei V. Zelevinsky, Northeastern University. 

Recent Developments in the Orbit Method for Real and p
adic Groups (Code: AMS SS Fl), Donald R. King, North
eastern University, and Alfred G. Noel, University of Mass
achusetts, Boston. 

Singularities in Algebraic and Analytic Geometry (Code: AMS 
SS Hl), Terence Gaffney and David B. Massey, North
eastern University, and Caroline Grant Melles, U. S. Naval 
Academy. 

The Mathematics of Water Waves (Code: AMS SS Kl), Diane 
Henderson, Pennsylvania State University, and Gene 
Wayne, Boston University. 

The History of Mathematics (Code: AMS SS Ll), Adrian C. 
Rice, Randolph-Macon College, and Amy E. Shell, U. S. Mil
itary Academy. 

Madison, Wisconsin 
University of Wisconsin-Madison 

October 12-1 3, 2002 

Meeting #980 
Central Section 
Associate secretary: Susan]. Friedlander 
Announcement issue of Notices: August 2002 
Program first available on AMS website: August 29, 2002 
Program issue of electronic Notices: October 2002 
Issue of Abstracts: Volume 23, Issue 4 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Sessions: 

June 25, 2002 
For abstracts: August 20, 2002 

Invited Addresses 

Lawrence Ein, University of Illinois at Chicago, Title to be 
announced. 

Eleny Ionel, University of Wisconsin, Title to be announced. 

Mikhail Safonov, University of Minnesota, Title to be an
nounced. 

john Sullivan, University of Illinois, Urbana-Champaign, 
Title to be announced. 

Special Sessions 

Arithmetic Algebraic Geometry (Code: AMS SS Al), Ken Ono 
and Tonghai Yang, University of Wisconsin-Madison. 

Arrangements of Hyperplanes (Code: AMS SS El), Daniel 
C. Cohen, Louisiana State University, Peter Orlik, Univer
sity of Wisconsin-Madison, and Anne Shepler, University 
of California Santa Cruz. 

Biological Computation and Learning in Intelligent Sys
tems (Code: AMS SS Sl), Shun-ichi Amari, RIKEN, Amir 
Assadi, University of Wisconsin-Madison, and Tomaso 
Poggio, Massachusetts Institute of Technology. 

Characters and Representations of Finite Groups (Code: AMS 
SS Ul), Martin Isaacs, University of Wisconsin, Madison, 
and Mark Lewis, Kent State University. 

Combinatorics and Special Functions (Code: AMS SS Tl), 
Richard Askey and Paul Terwilliger, University of Wis
consin-Madison. 

Dynamical Systems (Code: AMS SS Pl), Sergey Bolotin and 
Paul Rabinowitz, University of Wisconsin-Madison. 

Effectiveness Questions in Model Theory(Code: AMS SS ]1), 
Charles McCoy, Reed Solomon, and Patrick Speissegger, 
University of Wisconsin-Madison. 

Geometric Methods in Differential Equations (Code: AMS SS 
Hl), Gloria Mari Beffa, University of Wisconsin-Madison, 
and Peter Olver, University of Minnesota. 

Geophysical Waves and Turbulence (Code: AMS SS Ml), 
Paul Milewski, Leslie Smith, and Fabian Waleffe, Univer
sity of Wisconsin-Madison. 

Group Cohomology and Homotopy Theory (Code: AMS SS 
Gl), Alejandro Adem, University of Wisconsin-Madison, 
and Jesper Grodal, Institute for Advanced Study. 

Harmonic Analysis (Code: AMS SS Cl), Alex Ionescu and 
Andreas Seeger, University of Wisconsin-Madison. 

Hyperbolic Differential Equations and Kinetic Theory (Code: 
AMS SS Kl), Shi ]in, Marshall Slemrod, and Athanassios 
Tzavaras, University of Wisconsin-Madison. 

Lie Algebras and Related Topics (Code: AMS SS Nl), Geor
gia Benkart and Arun Ram, University of Wisconsin-Madi
son. 

Multiresolution Analysis and Data Presentation (Code: AMS 
SS Fl), Amos Ron, University of Wisconsin-Madison. 

Partial Differential Equations and Geometry (Code: AMS SS 
Dl), Sigurd Angenent and Mikhail Feldman, University of 
Wisconsin-Madison. 

Probability (Code: AMS SS Rl), David Griffeath, University 
of Wisconsin-Madison, and Timo Seppalainen, Iowa State 
University. 

Ring Theory and Related Topics (Code: AMS SS Ll), Don 
Passman, University of Wisconsin-Madison. 

Several Complex Variables (Code: AMS SS Bl), Pat Ahern, 
Xianghong Gong, Alex Nagel, and Jean-Pierre Rosay, Uni
versity of Wisconsin-Madison. 
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Salt Lake City, Utah 
University of Utah 

October 26-27,2002 

Meeting #981 
Western Section 
Associate secretary: Michel L. Lapidus 
Announcement issue of Notices: September 2002 
Program first available on AMS website: September 16, 

2002 
Program issue of electronic Notices: October 2002 
Issue of Abstracts: Volume 23, Issue 4 

Deadlines 
For organizers: Expired 
For consideration of contributed papers in Special Sessions: 

July 10, 2002 
For abstracts: September 4, 2002 

Invited Addresses 

Yakov Eliashberg, Stanford University, Title to be an
nounced. 

Hart F. Smith, University of Washington, Title to be an
nounced. 

Michael Ward, University of British Columbia, Title to be 
announced. 

Arnie Wilkinson, Northwestern University, Title to be an
nounced. 

Special Sessions 

Area-Minimization and Minimal Surfaces (Code: AMS SS A1), 
Michael Dorff, Denise Halverson, and Gary R. Lowler, 
Brigham Young University. 

Orlando, Florida 
University of Central Florida 

November 9-10,2002 

Meeting #982 
Southeastern Section 
Associate secretary: John L. Bryant 
Announcement issue of Notices: September 2002 
Program first available on AMS website: September 26, 

2002 
Program issue of electronic Notices: November 2002 
Issue of Abstracts: Volume 23, Issue 4 

Deadlines 
For organizers: April10, 2002 
For consideration of contributed papers in Special Sessions: 

July 23, 2002 
For abstracts: September 17, 2002 

Meetings & Conferences 

Invited Addresses 

Steven J, Cox, Rice University, Title to be announced. 

James Haglund, University of Pennsylvania, Title to be an
nounced. 

Marius Mitrea, University of Missouri-Columbia, Title to be 
announced. 

Ricardo H. Nochetto, University of Maryland, College Park, 
Title to be announced. 

Baltimore, Maryland 
Baltimore Convention Center 

January 1 5-18, 2003 

Meeting #983 
]oint Mathematics Meetings, including the 1 09th Annual 
Meeting of the AMS, 86th Annual Meeting of the Mathe
matical Association of America (MAA), annual meetings of 
the Association for Women in Mathematics (A WM) and the 
National Association of Mathematicians (NAM), and the 
winter meeting of the Association for Symbolic Logic (ASL). 
Associate secretary: Susan ]. Friedlander 
Announcement issue of Notices: October 2002 
Program first available on AMS website: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: April15, 2002 
For consideration of contributed papers in Special Sessions: 

August 6, 2002 
For abstracts: October 1, 2002 
For summaries of papers to MAA organizers: To be an

nounced 

Baton Rouge, 
Louisiana 
Louisiana State University 

March 14-16, 2003 
Southeastern Section 
Associate secretary: John L. Bryant 
Announcement issue of Notices: To be announced 
Program first available on AMS website: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: August 14, 2002 
For consideration of contributed papers in Special Sessions: 

To be announced 
For abstracts: To be announced 
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Meetings & Conferences 

Bloomington, Indiana 
Indiana University 

April4-6, 2003 
Central Section 
Associate secretary: Susan J. Friedlander 
Announcement issue of Notices: To be announced 
Program first available on AMS website: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: September 4, 2002 
For consideration of contributed papers in Special Sessions: 

To be announced 
For abstracts: To be announced 

New York, New York 
Courant Institute 

April12-13, 2003 
Eastern Section 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: To be announced 
Program first available on AMS website: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: September 12, 2002 
For consideration of contributed papers in Special Sessions: 

To be announced 
For abstracts: To be announced 

Seville, Spain 
June 18-21, 2003 
First ]oint International Meeting between the AMS and the 
Real Sociedad Matematica Espanola (RSME). 
Associate secretary: Susan]. Friedlander 
Announcement issue of Notices: To be announced 
Program first available on AMS website: Not applicable 
Program issue of electronic Notices: Not applicable 
Issue of Abstracts: Not applicable 

Deadlines 
For organizers: May 15, 2002 
For consideration of contributed papers in Special Sessions: 

To be announced 
For abstracts: To be announced 

Invited Addresses 

Xavier Cabre, Universidad Politecnica de Cataluiia, 
Barcelona, Title to be announced. 

Charles Fefferman, Princeton University, Title to be an
nounced. 

Michael Hopkins, Massachusetts Institute of Technology, 
Title to be announced. 

Ignacio Sols, Universidad Complutense, Madrid, Title to be 
announced. 

Luis Vega, Universidad del Pais Vasco, Bilbao, Title to be 
announced. 

Efim Zelmanov, Yale University, Title to be announced. 

Special Sessions 

Banach Spaces of Analytic Functions, Daniel Girela, Uni
versity of Malaga, and Michael Stessin, SUNY at Albany. 

Biomolecular Mathematics, Thomas J. Head and Fernando 
Guzman, SUNY at Binghamton. 

Classical and Harmonic Analysis, Nets Katz, Washington 
University, Carlos Perez, Universidad de Sevilla, and Ana 
Vargas, Universidad Autonoma de Madrid. 

Commutative Algebra: Geometric, Homological, Combina
torial and Computational Aspects, Alberto Corso, Univer
sity of Kentucky, Philippe Gimenez, Universidad de Val
ladolid, and Santiago Zarzuela, Universitat de Barcelona. 

Computational Methods in Algebra and Analysis, Eduardo 
Cattani, University of Massachusetts, Amherst, and Fran
cisco Jesus Castro-Jimenez, Universidad de Sevilla. 

Constructive Approximation Theory, Antonio Duran, Uni
versity de Sevilla, and Edward B. Saff, Vanderbilt Univer
sity. 

History of Modern Mathematics-Gauss to Wiles, Jose Fer
reiros, Universidad de Sevilla, and David Rowe, Universi
tat Mainz. 

Interpolation Theory, Function Spaces and Applications , Fer
nando Cobos, University Complutense de Madrid, and 
Pencho Petrushev, University of South Carolina. 

Mathematical Fluid Dynamics, Diego Cordoba, CSIC, 
Madrid, and Princeton University, and Susan Friedlander, 
University of Illinois, Chicago. 

Nonlinear Dispersive Equations, Gustavo Ponce, University 
of California Santa Barbara, and Luis Vega, Universidad del 
Pais Vascos. 

Operator Theory and Spaces of Analytic Functions, Jose 
Bonet, Universidad Politecnica de Valencia, Pedro Paul, Uni
versidad de Sevilla, and Cora S. Sadosky, Howard Univer
sity. 

The Mathematics of Electronmicroscopic Imaging, Jose
Maria Carazo, Centro Nacional de Biotecnologia-CSIC, and 
Gabor T. Herman, City University of New York. 

Variational Problems for Submanifolds, Frank Morgan, 
Williams College, and Antonio Ros, Universidad de 
Granada. 
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Binghamton, New 
York 
SUNY-Binghamton 

October 1 0-12, 2003 
Eastern Section 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: To be announced 
Program first available on AMS website: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: March 10, 2003 
For consideration of contributed papers in Special Sessions: 

To be announced 
For abstracts: To be announced 

Special Sessions 

Biomolecular Mathematics (Code: AMS SS Al), Thomas J. 
Head and Dennis G. Pixton, SUNY at Binghamton, Mit
sunori Ogihara, University of Rochester, and Carlos Mar
tin-Vide, Universitat Rovira i Virgili. 

Phoenix, Arizona 
Phoenix Civic Plaza 

January 7-10,2004 
Associate secretary: Michel L. Lapidus 
Announcement issue of Notices: To be announced 
Program first available on AMS website: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: April 2, 2003 
For consideration of contributed papers in Special Sessions: 

To be announced 
For abstracts: To be announced 
For summaries of papers to MAA organizers: To be an

nounced 

Athens, Ohio 
Ohio University 

March 26-27,2004 
Central Section 
Associate secretary: Susan ]. Friedlander 
Announcement issue of Notices: To be announced 
Program first available on AMS website: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Meetings & Conferences 

Deadlines 
For organizers: August 26, 2003 
For consideration of contributed papers in Special Sessions: 

To be announced 
For abstracts: To be announced 

Atlanta, Georgia 
Atlanta Marriott Marquis and Hyatt Regency 
Atlanta 

January S-8, 2005 
Associate secretary: Lesley M. Sibner 
Announcement issue of Notices: To be announced 
Program first available on AMS website: To be announced 
Program issue of electronic Notices: To be announced 
Issue of Abstracts: To be announced 

Deadlines 
For organizers: April 5, 2004 
For consideration of contributed papers in Special Sessions: 

To be announced 
For abstracts: To be announced 
For summaries of papers to MAA organizers: To be an

nounced 

MAY 2002 NOTICES OF THE AMS 639 



Meetings and Conferences of the AMS 

Associate Secretaries of the AMS 
Western Section: MichelL. Lapidus, Department of Math

ematics, University of California, Sproul Hall, Riverside, CA 
92521-0135; e-mail: l api dus@math. ucr. edu; telephone: 909-
787-3113. 

Central Section: Susan J. Friedlander, Department of Math
ematics, University of Illinois at Chicago, 851 S. Morgan (M/ C 
249), Chicago, IL 60607-7045; e-mail: susan@math. nwu. edu; tele
phone: 312-996-3041. 

The Meetings and Conferences section of the Notices 
gives information on all AMS meetings and conferences 
approved by press time for this issue. Please refer to the page 
numbers cited in the table of contents on this page for more 
detailed information on each event. Invited Speakers and 
Special Sessions are listed as soon as they are approved by 
the cognizant program committee; the codes listed are needed 
for electronic abstract submission. For some meetings the list 
may be incomplete. Information in this issue may be dated. 
Up-to-date meeting and conference information at 
www.ams.org/meetings/. 

Meetings: 

2002 
May 3-5 Montreal, Quebec, Canada p . 632 
June 12-16 Pisa, Italy p . 633 
June 20-22 Portland, Oregon p . 634 
October 5-6 Boston, Massachusetts p.635 
October 12-13 Madison, Wisconsin p.636 
October 26-27 Salt Lake City, Utah p.637 
November 9-10 Orlando, Florida p.637 

2003 
January 15-18 Baltimore, Maryland p.637 

Annual Meeting 
March 14-16 Baton Rouge, Louisiana p.637 
April4-6 Bloomington, Indiana p.638 
April12-13 New York, New York p.638 
June 25-28 Seville, Spain p.638 
October 10-12 Binghamton, New York p.639 

Eastern Section: Lesley M. Sibner, Department of Mathe
matics, Polytechnic University, Brooklyn, NY 11201-2990; 
e-mail: lsibner@duke.poly.edu; telephone: 718-260-3505. 

Southeastern Section: John L. Bryant, Department of Math
ematics, Florida State University, Tallahassee, FL 32306-4510; 
e-mail: bryant@math. fsu. edu; telephone: 850-644-5805. 

2004 
January 7-10 Phoenix, Arizona p.639 

Annual Meeting 
March 26-27 Athens, Ohio p.639 

2005 
January 5-8 Atlanta, Georgia p.639 

Annual Meeting 

Important Information regard ing AMS Meetings 
Potential organizers, speakers, and hosts should refer to 
page 175 in the January 2002 issue of the Notices for general 
information regarding participation in AMS meetings and 
conferences. 

Abstracts 
Several options are available for speakers submitting 
abstracts, including an easy-to-use interactive Web form. No 
knowledge of I5f£X is necessary to submit an electronic form, 
although those who use LAf£X may submit abstracts with 
such coding. To see descriptions of the forms available, 
visit http: I /www. ams. org/abstracts/i nstructi ons. html, 
or send mail to abs-submit@ams.org, typing help as the 
subject line; descriptions and instructions on how to get the 
template of your choice will be e-mailed to you. 

Completed abstracts should be sent to abs - submit@ 
ams. org, typing submission as the subject line. Questions 
about abstracts may be sent to abs-i nfo@ams. org. 

Paper abstract forms may be sent to Meetings & Confer
ences Department, AMS, P.O. Box 6887, Providence, RI 02940. 
There is a $20 processing fee for each paper abstract. There 
is no charge for electronic abstracts. Note that all abstract dead
lines are strictly enforced. Close attention should be paid to 
specified deadlines in this issue. Unfortunately, late abstracts 
cannot be accommodated. 

Conferences: (See http: I /www. ams. org/meeti ngs/ for the most up-to-date information on these conferences.) 

May 20-25, 2002: 6th International Conference on Clifford Algebras and Their Applications to Mathematical Physics, Cookeville, 
TN. 

June 3-8, 2002: Abel Bicentennial Conference 2002, University of Oslo, Norway. 

June ?-August 1, 2002: Joint Summer Research Conferences in the Mathematical Sciences, Mount Holyoke College, South 
Hadley, MA. See pages 1289-1291, November 2001 issue, for details. 
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· d d( _) (D -) ( D_) · - Pb =- p,eb = -p,eb + p,-eb · 
dt dt Dt Dt 

EM725 Class Notes -April 26 

From previous discussion~. you recall that we defined the maps •• lUld \ , as well as the vertical 
momentump of the reduced system Now let us call P• = p(i,) • {p,') We want to find an 
equation for the evolution of P• · We have 

~p·=~(p.O,)=(-£p.0,)+-5o.) 4-26-1 

li~~=!!§!E==~~!!!~~!!J=~~~~~~~=~~~ Using the vertical Lagrange-Poincare equation, we immediately obtain 

Design Sdence Math Type'" will revolution
ize the way you create print and Web
based documents that contain math. If 
you are familiar with our Equation Editor 
included in Microsoft Office and other 
products, then you will really appreciate 
MathType's extra features. We've added an 
enormous amount of functionality that 
effectively transforms Microsoft Word into 
a state-of-the-art math word processor and 
Web page editor. 

From Word to the Web 
MathType 5 for Windows includes our 
new MathPageT" technology that converts 
Microsoft Word documents into Web 
Pages, with equations as GIF images or 
MathML, automatically appearing in your 
browser, with stunningly beautiful results. 

Download a free, fully functional, 30-day 
evaluation of Math Type 5 for Wmdows. 

www.dessci.comjmath2 

EM725 Class Notes - Aprtl 26 

From preVIOOs dlstuJSions, you recall that we defined the maps e, .tnd \.as weD as the vtrtlcal 

momentwnp of the reduced •ynem. Nowletuc call p, = p(\)• (p.\}. We want to find an equation 
lOr the evolution of Pt· We have 

d d 1 __ ) (D -) ( D_) dfP•""diV''"" DiP. \ + p,Di-. . 

(F,P.\ )=(p,[v,\])= (P.(,,•,[ 4(') i +>,o,]j) 

• (p, ( 4(r) i+>,., ]) 

We previowly learned how to cAlculatt the eovanant denvatnre ofagsveo cutve (q(t ).t!(t)11n 9:. 

"'' ""''"'"'""'""" """'' q(t ) • (r (t ).•)• (q(t ).o(t)) • (x( t).d(t ).o) ond '"'' ' 

A(q(t).q(t)) • 4 (r(t)) i . U ... ,,.... .. ~ W< obtoin 

-5, .. = [ r. c.- ( .A.(r) i . ., ]+ O. ]. • [ r.- [..<.(x) i . .,J+.t;J 

MathType'" 

4·26-4 

The best thing for writing equations since ch alk!'" 



SPRINGER FOR MATHEMATICS 

ALGEBRAIC FUNCTIONS AND 
PROJECTIVE CURVES 

David Gotdschmldt 

Algebraic 
Functions and 

Projective Curves 

D. GOLDSCHMIDT, IDA Center 
for Communications 
Research , Princeton, NJ 

This is a self-contained 
introduction to algebraic 
functions and projective 
curves. It covers a wide 
range of material by 
dispensing with the 
machinery of algebraic 
geometry and 
proceeding directly via 

valuation theory to the main resu lts on function 
fields. The author also develops the theory of 
singular curves by studying maps to projective 
space, including topics such as Weierstrass 
points in characteristic p, and the Goren stein 
relations for singularities of plane curves. 

2002/ 189 PP./HARDCOVER/ $44.95 
ISBN 0.387-95432-5 

GRADUATE TEXTS IN MATHEMATICS, VOL. 215 

BEGINNING FUNCTIONAL 
ANALYSIS 
K. SAXE, Macalester College, St. Paul , MN 

The unifying approach of functional analysis is 
to view functions as points in some abstract 
vector space and the differential and integral 
operators relating these points as linear 
transformations on these spaces. The author 
presents the basics of functional analysis with 
attention paid to both expository style and 
technical detrul, while getting to interesting 
results as quickly as possible. The book is 
accessible to students who have completed first 
courses in linear algebra and real analysis. 
Topics are developed in their historical context, 
with accounts of the past- including 
biographies- appearing throughout the text. 
The book offers suggestions and references for 
further study, and many exercises. 

2002/ 216 PP., 25 ILLUS./HARDCOVER/ $39.95 
ISBN 0.387-95224-1 

UNDERGRADUATE TEXTS IN MATHEMATICS 

STOCHASTIC PORTFOLIO THEORY 
E.R. FERNHOLZ, INTECH, Princeton, NJ 

Stochastic pOttfolio theory is a mathematical 
methodology for constructing stock p01tfolios 
and for analyzing the effects induced on the 
behavior of these portfolios by changes in the 
distribution of capital in the market. On a 
practical level, stochastic portfolio theory has 
been the basis for strategies used for over a 
decade by the institutional equity manager 
INTECH, where the author has served as chief 
investment officer. This book is an introduction 
to stochastic portfolio theory for investment 
professionals and for students of mathematical 
finance. 

2002/ 187 PP., 38 ILLUS./ HARDCOVER/ $49.95 
ISBN 0.387-95405-8 

APPUCATIONS OF MATHEMATICS, VOL. 48 

QUANTUM CALCULUS 
V. KAC, and P. CHEUNG, both, MIT, Cambridge, MA 

Simply put, quantum calcu lus is ordinary 
calculus without taking limits. This 
undergraduate text develops two types of 
quantum calculi, the q-calculus and the h
calculus. As this book develops quantum 
calcu lus along the lines of traditional calculus, 
the reader discovers, with a remarkable 
inevitability, many important notions and 
results of classical mathematics. This book is 
written at the level of a first course in calculus 
and linear algebra and is aimed at undergradu
ate and beginning graduate students in 
mathematics , computer' science, and physics. It 
is based on lectures and seminru·s given by 
Professor Kac over the last few years at MIT. 

2002/ 128 PP. , 2 ILLUS./ SOFrCOVER/ $29.95 
ISBN 0.387-95341-8 
UNIVERSITEXT 

M.C. ESCHER'S LEGACY 
A Centennial Celebration 
M . EMMER, University of Rome "La Sapienza ", Rome, 
Italy; and D. SCHATTSCHNEIDER, Moravian College, 
Bethlehem, PA (Eds.) 

The centennial celebration of M.C. Escher's 
birth in 1998 gave testimony to the keen 
interest in his work, and showcased a number 
of contemporary artists and scientists whose 
work is directly inspired by that of Escher. 
This book contains 40 of their ru·ticles, richly 
ill ustrated with original art works in addition 
to well-known and little known works by 
Escher. A CD-ROM complements the articles, 
containing color illustrations of work by 
contemporru-y artists, movies, animations, and 
other demonstrations . 

2002/ APPROX. 450 PP., 520 ILLUS. , 20 • 
COLOR/ HARDCOVER/ $99.00/ ISBN 3-54().42458-X 

COMPUTATIONAL EXCURSIONS IN 
ANALYSIS AND NUMBER THEORY 

PeterBo~n 

Computational 
Excursions in 
Analysis and 
Number Thoory 

P. BORWEIN, Simon Fraser 
University, Burnaby, Canada 

This book presents 
computational number 
theory, based around a 
number of difficult 
problems that lie at the 
interface of analytic, 
computational and 
Diophantine number 
theory. The techniques 
for tackling these 

problems are various and include probabilistic 
methods, combinatorial methods, Diophantine 
and analytic techniques. This book provides an 
introduction with many exercises and open 
research problems included. Indeed, the 
primru-y aim of the book is to tempt the able 
reader into the rich open possibilities for 
research in this area. 

2002/ 222 PP., lliLLUS./ HARDCOVER/ $69.95 (T) 
ISBN 0.387-95444-9 

CMS BOOKS IN MATHEMATICS, VOL. 11 

THE CMI MILLENNIUM 
MEETING COLLECTION 

M . ATIYAH , The University of 
Edinburgh , UK; T. GOWERS, 
University of Cambridge, UK; 
J. TATE, University of Texas, 
Austin , TX; and F. TISSEYRE, 
Ecoutez Voir, Paris, France 

In May 2000, the Clay 
Mathematics Institute 
(CMI) held its Paris 
Millennium Event at the 
College de France. On 
this occasion, CMI 
unveiled the 

"Millennium Prize Problems", seven 
mathematical quandaries that have long 
resisted solution. Excerpts from interv iews 
explain the significance of the prize problems 
and the challenges they pose. The video ofT. 
Gowers' Keynote Address at the CMI 
Millenium Meeting is a lucid , dynamic 
presentation of the deep and important 
question of the relevance of mathematics to 
society, delivered by one of the best 
mathematicians of the modern age. The 
Problems were set forth by two of the greatest 
mathematicians of the 20th century, J. Tate and 
M. Atiyah. The set of two lectures by Tate and 
Atiyah together comprise a complete 
description of the Millenium Prize Problems, 
presented in an entertaining style. 

CONTENTS: I. The Millenium Meeting. A 
Film by Francoise Tisseyre.- 2. The 
Imp01tance of Mathematics. A Lecture by 
Timothy Gowers.- 3. The Millenium Prize 
Problems. A Lecture by John Tate.- 4. The 
Millenium Prize Problems. A Lecture by 
Michael Atiyah 

2002/ SET OF 4 VHS/ NTSC VIDEO TAPES/ $119.00 
ISBN 3-540-92657-7 

SPRINGER VIDEOMATH 

VIDEOS ALSO AVAILABLE SEPARATELY 

MATHEMATICAL AND STATISTICAL 
METHODS FOR GENETIC ANALYSIS 
Second E d ition 
KENNETH LANGE, University of California, Los Angeles, CA 

This second edition expands the original 
edition by over 100 pages and includes new 
material on DNA sequence analysis, diffusion 
processes, binding domain identification, 
Bayesian estimation of haplotype frequencies, 
case-control association studies, the gamete 
competition model, QTL mapping and factor 
analysis , the Lander-Green-Kruglyak 
algorithm of pedigree analysis , and codon and 
rate variation models in molecular phylogeny. 

2002/ 384 PP./HARDCOVER/ $74.95 
ISBN 0.387-95389-2 

STATISTICS FOR BIOLOGY AND HEALTH 

ORDER TODAY! 
CALL: Toll-Free 1-800-SPRINGER 

WEB: www.springer-ny.com 

E-MAIL: orders@springer-ny.com 

WRITE: Springer-Verlag New York , Inc ., 
Dept. S370, PO Box 2485, Secaucus, NJ 
07096-2485 

VISIT: Your local scientific bookstore or 
urge your librarian to order for your 
department. 

Prices subject to change without notice 
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