
Olga R. Beaver ’79: Innovation in 
Mathematics Education

For Professor Olga R. Beaver, getting a Ph.D. 
wasn’t without its challenges since she wasn’t 
a typical graduate student. Throughout her 
graduate career she lived in Williamstown, 
over an hour’s drive from Amherst over the 
Berkshires, and she had to juggle teaching, 
research, and qualifying exams with raising 
a family.

Today she speaks warmly about her time at UMass Amherst, espe-
cially when she remembers how accommodating the department 
was about her special circumstances. “There was a sense of dignity 
and respect in the department. I had the full support of my advisor 
and all the faculty and staff of the department, and I’ll always be 
grateful for that.”       continued on page 6

Jim Francis ’86: Problem-Solving 
in Finance

When one asks Jim Francis how being a 
mathematics major at UMass Amherst helps him in his career 
today, he answers immediately, “Problem solving.”

Since his student days Francis has built an impressive resume in 
finance. After graduating from UMass Amherst in 1986, he start-
ed with State Street Bank in Boston, where he developed skills in 
managing investments and portfolios. Today as a Senior Portfo-
lio Manager at Northern Trust Global Investments in New York, 
he focuses on international investments in emerging markets. 
“These markets involve countries such as China, Russia, Korea, 
Taiwan, Brazil, and India,” explains Francis. “They are distin-
guished from other markets by certain features, like their GDP 
per capita, liquidity, and regulatory environments.”
      continued on page 6

DEPaRtMEnt HEaD’S MESSagE by Eduardo Cattani

Dear Alumni and Friends of the Department of Mathematics and Statistics:

I hope that you will enjoy this year’s departmental newsletter. As in the past, it has articles 
about the work and the accomplishments of our faculty and students. In addition, continuing a 
tradition begun in last year’s newsletter, we bring you conversations with some of our most dis- 
tinguished alumni. In this issue we are featuring Olga R. Beaver, Ph.D. ’79, a Professor of Math-
ematics at Williams College, and James Francis ’86 from Northern Trust Global Investments.

This has been an important year for the department as well as for the College of Natural Scienc-
es and Mathematics. Now in his second year as Dean of the College, George M. Langford has 
launched a set of Excellence Initiatives that aim to raise the college’s profile through a combina-
tion of interdisciplinary research projects, outreach education, a new innovation and resource 
center, and fundraising. The NSM Excellence Initiatives focus on four research areas: renewable 
energy, biomedicine, nanomaterials, and the environment with an emphasis on water. There is 
also an education initiative that focuses on attracting, retaining, and preparing students in the 

PROFIlES

One of our goals in preparing the departmental newsletter is to try to increase commu-
nications between alumni and the department. With this goal in mind we are continuing 
our feature involving profiles of alumni. this year we focus on an alumna in academia and 
an alumnus in the business world. the first is Olga R. Beaver, Professor of Mathematics 
at Williams College. the second is James Francis from northern trust global Investments. 
Both talk about how their time at UMass amherst prepared them for their careers and 
share how the department personally affected them.
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Department Head’s Message continued from page 1

sciences through a curriculum of inquiry-driven interdisciplin-
ary courses, research experience, and mentoring. A principal 
resource for the college will be the Innovation and Interdis-
ciplinary Research Center, which will include offices offering 
innovation-mentoring services, industry partnerships, tech-
transfer and business-plan development assistance, and a mod-
eling and visualization facility. The faculty of the Department 
of Mathematics and Statistics hopes to contribute in many of 
these areas through its expertise in large-scale scientific com-
puting, bioinformatics, environmental statistics, and in math-
ematics and statistics education.

The department’s capabilities for high-performance comput-
ing have been greatly enhanced by the installation of a 13-
node/30-cpu Beowulf Linux cluster to be used for both re-
search and teaching. This was made possible by a grant from 
the National Science Foundation under the Scientific Com-
puting Research Environments for the Mathematical Sciences 
(SCREMS) program. Hans Johnston was the mastermind 
and lead PI in this grant and was responsible for its design 
and installation. In addition to Hans’ own research in fluid 
dynamics, the new cluster is making it possible for other fac-
ulty members to do computationally intensive simulations and 
experimentations in pure and applied mathematics.

The department is continuing to attract superb young fac-
ulty. One of our new colleagues, Evgueni (Jenia) Tevelev, 
was awarded a 2007 Sloan Research Fellowship. These are ex-
tremely competitive awards, presented annually by the Alfred 
P. Sloan Foundation to the very best researchers throughout 
the sciences. Jenia is the first departmental nominee to win 
this award. Qian-Yong Chen, who also joined our faculty this 
year, has also had a great start to his UMass Amherst career by 
winning a Faculty Research Grant. Elsewhere in this newslet-
ter you will find brief biographical sketches of these gifted new 
colleagues.

This past December 8, at a ceremony at the UMass Club in 
Boston, Nate Whitaker received the President’s Public Service 
Award for his work with AIMS, a program designed to en-
hance the success of African-American students in the Amherst 
schools. Nate was one of only six UMass faculty so honored 
and the only one from the Amherst campus. We hope that you 
will all join us in supporting Nate’s wonderful work. 

I am delighted to report that Jennie D’Ambroise ’03, a gradu-
ate student and teaching assistant in the department, has re-
ceived a 2006-07 Distinguished Teaching Award. Jennie was 
one of only two TAs to receive this prestigious award this year 
and joins a distinguished list of former winners from our de-
partment, including Olga R. Beaver. Jennie is working on her 
dissertation in mathematical physics under the direction of 
Emeritus Professor Floyd Williams. 

Three of our junior colleagues, Paul Gunnells, Farshid Hajir, 
and Eric Sommers have received early tenure and have been 
promoted to the rank of Associate Professor in recognition of 
their outstanding work as researchers and teachers and their 
many contributions to the department, the university, and 
the profession. We are delighted that they are now permanent 
members of our faculty and look forward to their contribu-
tions in years to come. 

The Department welcomes a new staff member, Connie 
Milne, who joined us from the public radio station WFCR. 
Connie is our department’s receptionist replacing Carol 
Ryan, who has taken a new position in the Department of 
Biochemistry and Molecular Biology. We are delighted to 
have Connie join our excellent staff and, if you visit us, she 
will be the first person to greet you. We also welcome An-
tonina Manucharova as a new, part-time member of our 
staff. Tonia’s main responsibilities involve administrative sup-
port for Professor William Meeks, the Birkhoff Professor of 
Mathematics.

Thanks to the efforts of Tom Weston and Bruce Turking-
ton, the Department has completely revamped its honors 
program. Many existing courses have been updated and have 
received honors designation. In addition, a new capstone 
course has been created for Commonwealth College students 
working on their dissertation in our department. This year 
the subject of the course was coding and cryptography, and it 
was directed by Farshid Hajir and Visiting Assistant Profes-
sor Michael Bush. 

Faithful readers of the newsletter will recall that last year saw 
the retirement of Professor Doris Stockton after 52 years of 
teaching. Losing Doris’s leadership in the teaching of pre-cal-
culus courses forced us to reexamine and revamp our elemen-
tary course offerings. We are in the midst of such a process 
that will incorporate online-teaching technology among other 
new approaches. In particular, this summer we will be setting 
up new computer equipment in the resource room LGRT 
114, and we will be making tablet laptops available to our 
pre-calculus instructors. We are also planning to renew the 
equipment in our LGRT 110 facility, originally established 
with support from a National Science Foundation Grant 
thanks to the efforts of Emeritus Professor George Knightly, 
and Professors Murray Eisenberg and Bruce Turkington. 
These equipment purchases were made possible by funds 
from the College of Natural Sciences and Mathematics and 
by the support of our alumni through their contributions to 
our unrestricted gift fund. We are extremely grateful for your 
support. It is an essential component in our efforts to make 
the Department of Mathematics and Statistics a great place 
for our students to learn and for our faculty to teach and do 
research.
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tHE MatHEMatICS OF ClIMatE

by Bruce Turkington
Hardly a day goes by without encountering some news article about climate change. Indeed, 
as I write these words, the Intergovernmental Panel on Climate Change (IPCC) is meeting in 
Bangkok, thailand, and soon it will release its Fourth assessment Report, which is supposed 
to be a definitive evaluation of global warming, its probable causes, and its possible conse-
quences. the last assessment in 2001 went a long way toward presenting a compelling case 
for climate change stemming from increase of carbon dioxide and other greenhouse gases in 
the atmosphere in modern times. the soon-to-be-released assessment is supposed to present 
an even more convincing case.

You might ask: Where does mathematics fit into this high-profile and high-stakes issue? the 
simple answer is this: the problem of predicting future climate from current conditions is fun-
damentally a problem in mathematical modeling and statistical estimation. In fact, even the 
more basic problem of defining in scientific terms what a climate actually is requires the com-
bined tools of mathematics and statistics. In this article I will try to shed some light on the role 
that our field plays in the science of climate.

a MatHEMatICIan WaS FIRSt
Remarkably, the first person in history to publish a scientific paper on the physical principles that under-
lie climate — namely, the overall effect of solar radiation and its interaction with the Earth’s surface and 
atmosphere — was the famous mathematician Joseph Fourier. In the 1820s the father of the heat equa-
tion asked himself how it is that the Earth maintains an equilibrium temperature and what that tempera-
ture should be. He first wondered why the Earth is not much hotter than it is, given that it is continually 
heated by the Sun. He realized that the Earth balances the solar radiation it receives by emitting lower 
frequency (infrared) radiation back into space. But then his calculations suggested that the equilibrium 
temperature should be below freezing worldwide. The discrepancy lay in the fact that some gases in the 
atmosphere absorb the reflected radiation even though they are almost transparent to the solar radiation. 
Of course, these are the greenhouse gases, principally water vapor and carbon dioxide. Although science 
was much too primitive in Fourier’s time for him to make a thorough analysis, his simple picture of the 
key processes has stood the test of time, and today it underlies the urgent debate on global warming. 

tHE MODElS gEt COMPlICatED
By the 20th century, Fourier’s conceptual picture had been turned into an energy-budget model of the ra-
diative equilibrium of the atmosphere. To get the proper average surface temperature, though, it was cru-
cial to include the effects of convection, which result from the rising of air that is heated by the surface. 
Convection transports heat and moisture through the troposphere and thereby establishes a different 
equilibrium temperature distribution than radiation by itself. Simple climate models that account for the 
vertical structure of the atmosphere, therefore, include the effects of both radiation and convection, and 
consequently such models are already fairly complicated. But the real fun starts when one attempts to 
construct a global climate model that includes the circulation of air in the vertical and horizontal direc-
tions. Then one has to describe the fluid mechanics of a many-layered shell of air on a rotating sphere and 
to write down partial differential equations that govern the transport of mass, momentum, and energy 
as well as moisture and chemical constituents. These equations are well known, and in fact they contain 
the equations that are used in numerical weather prediction. Once again a mathematician can be identi-
fied as a key pioneer. John von Neumann in the 1950s advocated using the first electronic computers to 
solve the equations of meteorology after reducing them to discrete equations on a grid of points in space. 
Much of modern numerical applied mathematics was stimulated by these efforts.

Nowadays such numerical simulations are called General Circulation Models (GCMs), and they can 
involve up to a billion variables. That is the number of resolved unknowns that one gets when one spaces 
               continued on page 4 
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the Mathematics of Climage continued from page 3 

the grid points in the atmosphere at about 100 km apart in the horizontal and uses about 30 levels in 
the vertical. Actually, the most sophisticated GCMs now also compute the dynamics of the oceans, using 
horizontal spacings of about 10 km and about 20 vertical levels. These are the coupled atmosphere-ocean 
models, which are developed in large research institutes throughout the world and are run to simulate 
future climates under various scenarios, such as a doubling of atmospheric carbon dioxide. 

BUt nOt COMPlEtE EnOUgH
When the IPCC wants to draw a conclusion about the sensitivity of the climate to some input or other, 
they assess a set of simulations, called an ensemble, using 10 or more different GCMs with different initial 
conditions and parameter settings. Then they look at the average and the variability around the average of 
this ensemble of predictions. This approach gives a much more reliable result than would a single simula-
tion with a particular GCM.

There is a deeper reason why it is critical to use the ensemble or multi-model approach. This arises from 
what the practitioners call sub-grid scale parameterizations. The idea is simple enough. Since the GCMs 
can only compute on a certain grid of spatial points, all physical processes that occur on length scales 
smaller than the grid spacing must be lumped somehow into variables at the grid points. Clouds are an 
important example. Throughout the world, but especially in the tropics, thermal convection is producing 
clouds on scales that are much smaller than the grid spacing of even the most finely resolved GCM, and 
yet the presence of clouds greatly affects the reflection or absorption of radiation, among other things. 

Another key example is turbulence, the almost random motion of air parcels on a range of 
sub-grid scales resulting from instabilities of various sorts. Strictly speaking, the equations 
of continuum mechanics that are used as the basis for the GCMs are correct only when all 
the fluid motions of this kind are properly resolved. But that would be impossible to do 
in a practical computer simulation. As a result, clouds and turbulence are parameterized, 
meaning that new equations are invented that are supposed to represent the average effect 
of the unresolved variables on the variables that are determined at the grid points.

Probably the greatest source of uncertainty in the predictions of state-of-the-art numerical 
climate models stems from such parameterizations. The many parameters that are intro-
duced into the averaged equations of motion must be tuned to get realistic results, typically 

by using historical data where the true results are known. In this way, the large GCMs have been crafted 
to be as physically realistic as possible, within the resolution that is feasible computationally. Nonetheless, 
any prediction made by such a GCM has a range of uncertainty that has roots that go to the very heart of 
the algorithm that generates the prediction.

WHat IS a ClIMatE?
But while the actual weather incessantly fluctuates and the computer models of it inevitably misrepresent 
some of its detailed behavior, one can still hope to make a good prediction of climate. The reason is that a 
climate is a statistical distribution of weather over large regions of space (thousands of kilometers) and long 
intervals of time (many decades). Consequently, a climate prediction concerns averages over these space 
and time scales, and such averages are expected to be robust. At this fundamental level, the concepts and 
tools of probability and statistics have a major role to play in climate science and even in defining what a 
climate is.

Let me interject an example from my own research. My colleagues and I have considered the problem of 
predicting the long-lived, large-scale structure of the weather layer on Jupiter using statistical mechanical 
models that do not resolve the complex turbulence in this layer. Our work has shown that the observed 
jetstreams on Jupiter as well as its conspicuous Great Red Spot form the most probable state of the weather 
layer, given certain crude statistical properties of the small-scale convection and eddying motions that 
ultimately drive the large-scale winds. In short, Jupiter’s rather stable “climate” can be predicted without 
resolving its extremely complicated “weather.”
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Bringing the same general ideas back to Earth, Markos Katsoulakis and his collaborators are developing stochas-
tic models of tropical convection and using them to improve the computational efficiency of parameterization 
schemes. The tropics are arguably the most important part of the globe to model accurately for the purposes 
of climate prediction, and deep convection over the warm tropical ocean is a key mechanism. And our newest 
colleague, Michael Lavine, who will join the department in January 2008, has worked with oceanographers to 
estimate the temperature change in the oceans due to global warming. This work confronts 
the scarcity of oceanic data and devises new spatial-temporal statistical models to estimate 
the extent and location of ocean temperature rise. 

UnlIMItED OPPORtUnItIES
In April I attended a workshop at the Mathematics Sciences Research Institute in Berke-
ley, California devoted to climate change. Through activities of this kind the mathematics 
community is interacting with the geosciences community to foster collaborations and new 
ideas. Since climate modeling is fundamentally a problem in mathematics and statistics — 
the physical and chemical principles required are mostly standard — there is an almost endless list of problems 
for mathematicians and statisticians to consider. And beyond the already daunting task of making predictions 
about Earth’s future climate lie the increasingly urgent issues of mitigation and human impact. The future will 
see scientists partnering with economists and policy makers to understand how climate changes may affect the 
plans and actions of regions or countries. In all of this, there will be an enormous opportunity for mathemati-
cians and statisticians to offer their insights and expertise. It should be an interesting time.

by John Staudenmayer
We all believe that being physically active will help us main-
tain our health. In order to determine the specific health ef-
fects of physical activity, it is important to be able to measure 
how physically active a person is. However, measuring physi-
cal activity accurately, precisely, and inexpensively is difficult 
to do. Two statisticians in the department, Assistant Professor 
John Staudenmayer and Professor John Buonaccorsi collabo-
rate with Professor Patty Freedson in the Department of Ki-
nesiology at UMass Amherst to develop statistical methods to 
address that problem. The project is supported by a five-year, 

$1 million National Institute of Health (NIH) grant, shared 
by the Department of Kinesiology and the Department of 
Mathematics and Statistics.

The project has two parts. The first part uses data recorded on 
cheap, portable accelerometers, which are fancy pedometers 
worn by people on their hips, to estimate the level of physi-
cal activity. The graph shows five minutes of accelerometer 
signals associated with seven different tasks. 
 

The goal is to build and fit statistical models that use such sig-
nals to estimate the task that the person is doing at each point 
in time and to estimate her metabolic 
rate. These models employ classifica-
tion methods that use hidden Markov 
chains, neural networks, and related 
concepts. Estimating the parameters in 
those models well requires a lot of data 
from a wide range of people. Graduate 
students in the Department of Kine-
siology have the large task of bringing 
several hundred people into the lab to 
collect this data (see photo).

Questionnaires are a second, less high-
tech way to estimate how physically 
active a person is. The problem with 
questionnaires, however, is that they are error prone. Fortu-
nately, as researchers have discovered, people tend to make er-
rors in ways that are somewhat predictable on average; people 
tend to underestimate the time spent doing certain activities, 
and they tend to overestimate the time spent on other activi-
ties. The second part of the project involves developing mea-
surement-error models that describe the errors made on the 
questionnaires on average. Those models can then be used to 
correct the data. Meng-Shiou Shieh, a graduate student in the 
Department of Mathematics and Statistics, is supported by 
the NIH grant and will soon begin her Ph.D. dissertation on 
a problem that is related to this topic. 

USIng StatIStICS tO EStIMatE HOW aCtIVE a PERSOn IS
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Olga R. Beaver continued from page 1

Beaver also remembers the “wonderful teaching” she experienced 
with Tim Cook and David Foulis. Foulis’s teaching in particular 
made a big impression on her. “He had a wonderful reasoned ap-
proach to mathematics and always conveyed the beauty of math-
ematics in his courses.”

After earning her doctorate from UMass Amherst, Beaver accept-
ed a position at Williams College, which is routinely designated 
as one of the top liberal arts colleges in the nation. Today she is 
a full professor in the Department of Mathematics and Statistics. 
During her career at Williams she has compiled a stellar record of 
accomplishments in teaching and mathematics education.

Perhaps her biggest contribution has been the Summer Science 
Program [SSP] at Williams. Founded in 1987, this program takes 
about 20 students from under-represented groups, such as stu-
dents of color and first-generation college students, and works 
with them intensively during the summer before they enter Wil-
liams. Beaver has directed the program since its inception. 

She stresses that the SSP is not a “bridge” course. The intent is not 
to bring them up to speed for the rigorous academics at Williams, 
but rather “to nourish science interests in these students and to 
build a community of science scholars among them at Williams.” 
The most important lesson they learn is “how to fail.” According 
to Beaver, “these students often don’t know how to recover from 
failure. They blame themselves and give up instead of persever-
ing.” As she aptly puts it, “they need to learn that solutions to 
problems don’t get dropped in your lap.”

As a result of her dedication to teaching and her involvement 
with this program, she won the 1992 Louise Hay Award from the 
Association for Women in Mathematics. This nationwide award 
recognizes exceptional contributions to mathematics education. 
The citation specifically mentions her ability to bring about an 
“extraordinary change in spirit, not only of the minority students 
but also to other non-SSP students.” Before receiving this award, 
she was named a Robert Gaudino Scholar at Williams, a presti-
gious position that allowed her to sponsor innovative experiential 
education projects among mathematics majors at Williams.

Beaver grew up on Long Island and earned her B.A. and M.S. 
from the University of Missouri. She received her Ph.D. from 
UMass Amherst in 1979 under the direction of Tim Cook. Cur-
rently she lives in Williamstown, Massachusetts with her hus-
band, who is also a professor at Williams College.
   

Jim Francis continued from page 1

Successfully navigating these markets requires a high level of 
problem-solving skills, skills that Francis first developed as a 
mathematics major at UMass Amherst and then later sharpened 
through his extensive experience in the industry.

“In emerging markets there are lots of problems beyond the usual 
quantitative problems in finance,” says Francis. “For instance, 
a client may want exposure in 50 different equity markets, all 
with different regulatory structures and market constraints. As an 
example, certain standard trading methodology may work well 
in established markets like the UK and Japan, but may fail in 
emerging markets.”

To cope with these issues Francis has to tackle problems from 
many different perspectives, and this is where his mathematics 
background kicks in. “You have to be able to understand the 
quantitative technical side, like how the optimization programs 
work, as well as many other aspects of the problem.” 

Some of these aspects might surprise you. For instance, even is-
sues as mundane as getting good information about holidays in 
foreign countries can play a major role and can affect investment 
strategies in tricky ways. “If 20% of our portfolio is in Japan, 
then we need to know reliably when the markets are going to 
close,” says Francis. According to Francis, “There are several pa-
rameters that come into play. A solid math background helps to 
get a handle on all the factors involved.”

Francis has happy memories of his time at UMass Amherst. 
When asked about his favorite professors, he replies, “I really en-
joyed calculus with Jon Sicks and the courses I had with Don 
St. Mary and Ed Connors.” He also remembers working with 
Haskell Cohen in a problem-solving course that prepared stu-
dents to take the Putnam Exam. “That was a very challenging 
and valuable course for me.”

Today Francis continues to be a part of the Department of Math-
ematics and Statistics through his involvement with the Henry 
Jacob Mathematics Competition. “I wish the competition had 
been around when I was a student,” says Francis. “I would have 
gotten a lot out of it.” Francis’s support has played a vital role in 
sponsoring the competition, which in turn has generated interest 
and enthusiasm among undergraduates at UMass Amherst.

Francis was born and raised in Peabody, Massachusetts. Currently 
he lives in Westport, Connecticut with his wife and twin sons.

nEW CHallEngE PROBlEM by Haskell Cohen

this problem was on the Math Competition test given this spring.

Suppose that r and s are roots of the equation x2 + ax + b = 0.  
Find polynomials P(a,b) and Q(a,b) such that r2 and s2 are roots  
of the equation x2 + P(a,b)x + Q(a,b) = 0.

as usual, send your solutions to

Professor Emeritus Haskell Cohen, Problem Editor

Department of Mathematics and Statistics

University of Massachusetts amherst

amherst, Ma 0100�-9�0�

or send email to haskell@math.umass.edu
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tHE POInCaRé COnJECtURE

by Eduardo Cattani
It is often said that we live in a golden age of mathematics. Indeed, this is a time not only when math-
ematics is being applied far and wide, but also when mathematicians are finding solutions to problems 
that have puzzled them for hundreds of years. Many of you may remember that in 1994, Andrew Wiles, 
with help from his former student Richard Taylor, proved an assertion that had been made by Pierre de 
Fermat in 1637 and had become universally known as Fermat’s Last Theorem. The stirring story of Wiles’ 
work has been chronicled in a widely-viewed Nova documentary, The Proof (not to be confused with the 
play and movie with the same title).

At the turn of the century, and following the example set by David Hilbert in 1900, the Clay Mathemat-
ics Institute in Cambridge, Massachusetts proposed a list of seven problems widely considered as the most 
important outstanding problems in mathematics. These became known as the Millennium Problems 
and, just in case any additional inducement was necessary, the Clay Institute offered a million dollars 
prize for the solution of each of these questions. A complete list of the problems is available at the Clay 
Institute website, www.claymath.org/millennium. Although nobody expected that any of these very dif-
ficult problems would be solved soon, last year the mathematics community reached a consensus that 
Grigory Perelman, a brilliant and reclusive Russian mathematician, had solved one of the Millennium 
Problems known as the Poincaré conjecture and awarded Perelman the Fields Medal, the highest award 
bestowed in mathematics. 

The Poincaré conjecture is a problem in topology, the area of mathematics that studies those properties 
of space that do not change if we stretch and bend a shape without tearing it. In principle, this is funda-
mentally different from geometry, where we study space through rigid shapes such as lines or circles or by 
measuring distances. For a topologist, the surface of a soccer ball and the surface of a football are the same 
object, while a geometer would point out that a soccer ball is equally curved at all points, a property not 
shared by a football. In the same way, a topologist would distinguish the surface of a soccer ball (a sphere) 
from the surface of a bagel (a torus) by pointing out that while every circle we can draw on a sphere can 
be deformed to a point, this is not the case for a torus (think about it). 

This quintessential topological argument allows us to characterize the sphere as the only surface with this 
circle-deformation property. Now, just as a circle consists of all points in a plane at the same distance from 
a center, we can think of the round sphere as consisting of all points in our usual three-dimensional space 
equidistant from a center. If we allow ourselves to imagine a space of four or more dimensions — and 
mathematicians have been doing just that since Bernhard Riemann’s celebrated Habilitation lecture in 
1854 — then we can think of spheres in every dimension. In 1904, Henri Poincaré, the great French 
mathematician, asked whether three-dimensional spheres could also be characterized by the circle-defor-
mation property. He did not assert that this was true, but asked the question and added, “But this ques-
tion would carry us too far away.”

For 100 years, mathematicians tried to prove what became known as the Poincaré conjecture, a conjecture 
in mathematics being a statement that most mathematicians believe to be true but for which no rigorous 
proof has been found. Indeed, it is fair to say that work on the Poincaré conjecture motivated all the most 
important advances in topology during the past century. Surprisingly, generalizations of the question to 
dimension greater than three proved easier to handle. In 1961, Steve Smale proved that the generalized 
Poincaré conjecture was true for spheres of dimension greater than four, and in 1982, Michael Freed-
man did the same for the four-sphere. As John Morgan of Columbia University explained in last April’s 
Connecticut Valley Mathematics Colloquium at UMass Amherst, the reason it turns out to be easier to 
prove statements in dimensions different from three has to do with knots, key players in the study of the 
Poincaré conjecture: while in dimension two one cannot create knots, in dimensions greater than four 
one can not only create them but also one can unknot them. Every famous problem gets its share of false 
proofs, and the Poincaré conjecture is no exception. In fact, in 1966 John Stallings wrote a paper entitled 
“How Not To Prove the Poincaré Conjecture,” detailing many of the most common pitfalls in his and 
other people’s failed attempts at proving it.          continued on page 13 

H. Poincaré 
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by Rob Kusner

Imagine a clear sky on a moonless night in a place like Amherst. 
Being mathematicians, we ignore the few thousand nearby stars 
and the faint glow of our Milky Way or other nearby galaxies. 
What remains is the uniformly dark background, which any of us 
can observe directly. This basic observation supports a cosmic hy-
pothesis: on a large scale, we live in a space which looks the same 
in all directions and the same at all points and which is locally like 
the up-down, front-back, left-right world of everyday experience. 
In more mathematical terms, our present universe can be mod-
eled by an isotropic and homogeneous three-manifold.

What are the consequences of this mathematical model of the 
cosmos? The first is that such a manifold has constant curva-
ture. This means that the laws of trigonometry are the familiar 
ones from Euclidean (flat, or zero-curvature) geometry, or their 
spherical (positive-curvature) or hyperbolic (negative-curvature) 
counterparts. We could even measure this curvature experimen-
tally. Indeed, if we are only interested in the sign of the curvature, 
the experiment is very simple: construct a triangle in space with 
straight (geodesic) edges and add up the vertex angles; when the 
angle sum is exactly 180 degrees, space is flat; otherwise, space is 
positively or negatively curved when this angle sum is greater or 
less than 180 degrees , respectively. The famous mathematician 
C. F. Gauss carried out this experiment and found, within the 
precision of his early 19th century instruments, that space ap-
peared to be flat. This is a rather famous result: both Gauss and 
his experiment were depicted on the last series of 10-mark notes 
in Germany before the euro became the currency there.

By the turn of the 20th century, mathematicians like H. Poin-
caré, F. Klein, and D. Hilbert had become interested in classifying 
these three-manifolds, both as cosmological models and for their 
independent mathematical interest. Of particular importance are 
the closed three-manifolds of constant curvature; these manifolds 
have no boundary but are of finite extent. The simplest example 
is the round three-sphere, which has positive curvature. As dis-
cussed in Eduardo Cattani’s accompanying article, this can be 
thought of as the unit-length vectors in four-dimensional space, 
but another useful way to visualize the three-sphere is as a three-
ball with all of its boundary identified to a single point. 

Another example of a closed three-manifold of constant curvature 
is the three-torus. This is a flat three-manifold obtained by gluing 
the top and bottom, front and back, and left and right faces of 
a cube, like a cosmic version of the video game Mario Brothers; 
this space parametrizes the configurations of a carpenter’s folding 
ruler with four segments and three pivots (the typical ruler with 
a dozen segments and eleven pivots corresponds to an eleven-to-
rus)! Even if you’ve never played with a carpenter’s ruler you can 
imagine something of what life would be like if the universe were 
shaped like a three-torus. If you were to stand in a three-torus 
and shine a flashlight straight ahead, instead of disappearing into 
darkness the light would illuminate the back of your head! This is 
because the light leaves the front face of the cube and re-enters the 
back face, which was glued to the front to form the three-torus. 
Similarly shining the light down at your feet would reveal the top 
of your head, and shining the light to the right would light up 
your left side (hopefully your good side). The effect is something 
like being in a completely mirrored room, except that instead of 
your reflected image you see a parallel translation of yourself.

The three-torus is a fairly complicated three-manifold, but over 
the last hundred years topologists have busily manufactured even 
more exotic examples. For instance, instead of a cube, take a solid 
dodecahedron. This is the famous geometric object from antiq-
uity with 12 pentagonal faces that forms the basic structure un-
derlying a soccer ball. Glue the opposite faces of a dodecahedron 
together in pairs by twisting each 18 degrees clockwise (you’ll 
need a rather stretchy dodecahedron for this). This yields a three-
manifold of positive curvature originally discovered by Poincaré 
and today called the Poincaré dodecahedral space in his honor. 
The figure below shows something of what this space looks like, 
although it’s hard to draw in our mundane three-dimensional 
world. The dodecahedral space has the remarkable property that 
every loop bounds a surface, although actually proving this re-
quires some delicate algebra. Indeed, at first Poincaré thought this 
space was a counterexample to his conjecture.

Around the same time, and with some friendly competition from 
Poincaré and Hilbert, A. Einstein had the revolutionary idea that 
space is not static but dynamic, and that its geometry or metric 
evolves by a wave equation that now bears his name. Although 
the Einstein equation in general remains  
difficult to understand mathematically, 
special cases have been solved when 
the space-like slices are three-mani-
folds of constant curvature. For  
example, the deSitter model, where 

tHE POInCaRé anD gEOMEtRIzatIOn COnJECtURES:  
a BIt OF (COSMIC) BaCkgROUnD

an exploded view of the symme-
tries of the dodecahedral space 
Fritz H. Obermeyer www.math.cmu.
edu/~fho/jenn/

H. Poincaré 
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all the slices are three-spheres of time-varying constant curvature, 
is currently employed to explain the observed Hubble expansion 
of the universe.

As typical of the long, give-and-take tradition between physics 
and geometry, mathematicians began to use this new physical in-
tuition to conjecture and prove results about the geometry and 
topology of manifolds with natural curvature-conditions. For 
example, in Einstein’s theory, positive energy-density translates 
into a positivity condition on curvature, and the Ricci curvature 
in particular. This led to one thread of research, starting in the 
1930s, when S. Bochner and A. Lichnerowicz showed that Ricci 
curvature is closely related to the topology of a closed manifold 
(positive Ricci curvature implies the vanishing of the first homol-
ogy, for example). Around 1940 S. Myers proved that positive 
Ricci curvature implies finite fundamental group (the more re-
fined algebraic structure invented by Poincaré when he realized 
that homology alone could not distinguish the three-sphere from 
the dodecahedral-space). In fact, Myers observed that Ricci curva-
ture is enough to control the average focusing of geodesics, an ar-
gument that inspired the much more recent singularity theorems 
of R. Penrose and S. Hawking in general relativity. By the 1970s 
my advisor R. Schoen, along with L. Simon, S. T. Yau, and our 
own Bill Meeks had taken up minimal surface methods (instead 
of using geodesics) to generalize many of these ideas to manifolds 
of positive scalar curvature. And perhaps the culmination of this 
thread of work, with important feedback into physics, has been 
the proofs of the Positive Mass Theorem and more recently the 
Penrose Inequality by Schoen, Yau, and their students.

Another thread leads rather directly from Einstein’s ideas of cos-
mological evolution to the geometric ideas that were developed 
by R. Hamilton and G. Perelman to solve the Poincaré and Ge-
ometrization Conjectures. To get a flavor of this, we return to the 
period just before 1920 when Hilbert had realized that the equa-
tions of general relativity were of a variational nature: criticality 
for the total scalar curvature functional (perhaps with a volume 
constraint) gives rise to the Einstein equations for the geometry. 
Thus a natural way to get a nice geometry on a three-manifold 
might be to use the direct method in the calculus of variations 
to find such critical metrics. This approach was attempted by H. 
Yamabe in 1950s, but it is quite subtle since the critical metrics 
are infinitely unstable: along conformal changes of metric one 
can minimize the total scalar curvature functional (this became 
known as the Yamabe problem, solved by Schoen in the early 
1980s), but in transverse directions one must maximize this func-
tional to achieve an Einstein metric, which on a three-manifold 
is a metric of constant curvature. This maximization problem has 
not yet been solved, although M. Anderson obtained some partial 
results in that direction about a decade ago.

What was Hamilton’s successful approach? Instead of focusing 
on the critical metric itself, he studied the dynamical flow that 
would evolve to such a critical metric. And his key insight, based 

on years of experience with the heat flow for harmonic maps, 
was to replace the Einstein wave equation with an analogous heat 
equation for the metric, known as the Ricci flow. Hamilton’s first 
result in the early 1980s recovered the theorem of Myers as a 
special case, at least in dimension three: when the Ricci curvature 
is positive, the Ricci flow evolves a metric on a three-manifold to 
one of constant positive curvature, like that on the three-sphere 
or the dodecahedral space. 

Later in the 1980s, Hamilton, spurred on by Yau, began in earnest 
to apply his Ricci-flow methods to study the three-dimensional 
Poincaré Conjecture as well as the more general Geometrization 
Conjecture for three-manifolds, made in the 1970s by W. Thur-
ston. This conjecture is a natural outgrowth of the ideas from the 
time of Poincaré, Klein, Hilbert, and Einstein, asserting that any 
three-manifold can be decomposed into pieces that carry either 
a constant-curvature geometry (recall that means homogeneous 
and isotropic), or else a slightly less symmetric geometry that is 
merely homogeneous. There are five additional types of the latter 
geometry. Although explaining all this in detail would, to bor-
row from Poincaré, “take us too far away,” in effect what Ham-
ilton began to realize — and what Perelman perfected — was 
that while the constant curvature geometries arise as steady states 
of the Ricci flow, the other five homogeneous geometries arise 
naturally where the dynamics of the Ricci flow is more compli-
cated and where topological changes (neck pinching or surgery 
— physicists might call these “wormholes”) happen. This picture 
is not yet completely clear, even to the experts, so this is probably 
a good place to stop....

Rob Kusner is Professor of Mathematics and Director of GANG (the 
Center for Geometry, Analysis, Numerics & Graphics), and also a 
Town of Amherst Selectman. Because of the cultural significance of 
these recent advances, he is musing about expanding this and more of 
the background story into “A Cartoon History of Three-Manifolds” 
and is looking for an interested cartoonist.

RESUltS OF tHE 2006 PUtnaM ExaM
by Haskell Cohen

the sixty-seventh annual Putnam Exam was 
held on December 2, 2006. the UMass amherst 
students who took the exam were Stephen  
adams, Dan Darpino, Joseph Flaherty, Evan 
Innes, nicholas Parker, Sarah Rich, alexander 
Singal, and Swetha Valluri. the exam was ex-
tremely difficult. this is evidenced by the fact 
that although none of our students received 
more than a few partial credit points, the UMass 
amherst team finished in 1��’rd place out of 
more than �00 other teams.
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by Nathaniel Whitaker

The Master’s Degree Program in Applied Mathematics pre-
pares students to work in an industrial setting after graduation. 
While the students take courses both outside of the depart-
ment and inside the department, the most important part of 
the program is the year-long group project or projects. This 
year, students in the program worked on two projects. In the 
first project they looked at models of Bose-Einstein condensa-
tion (BEC) and compared their results to actual laboratory ex-
periments. In the second project they looked at applications of 
cellular automata to model phenomena such as predator-prey 
systems and traffic flow. 

The students involved in these projects were Catherine Dillard, 
Matt Kindzerske, Kody Law, Joshua Larson, Evangelia Pana-
gakou, John Rhoades, Zekun Shi, Eric Valentine, Patrice Wil-
liams, and Elena Zaurova. The faculty members directing the 
projects were Panos Kevrekidis and Nathaniel Whitaker.

The theory of BEC was introduced in the early days of quan-
tum mechanics by S. Bose and A. Einstein. They realized that 
integer-spin particles will condense to the ground state of the 
system at extremely low temperatures, forming a giant supera-
tom. However, the temperatures required to observe this tran-
sition are typically of the order of 10-9 Kelvin, i.e., very close 
to absolute zero. Observing this transition required immense 
technological leaps, which were eventually accomplished in 
1995 by the groups of C. Wieman and E. Cornell at the Uni-
versity of Colorado and by the group of W. Ketterle at MIT. 
These groups experimentally realized the Bose-Einstein con-
densation in rubidium and in sodium. Honored by the Nobel 
Prize in Physics in 2001, this remarkable feat occurred about 
70 years after the original theoretical prediction. 

One of the important discoveries of this work is that the BEC 
system can be described very accurately, when sufficiently cold 
and dilute, by a partial differential equation that is a variant of 
the famous nonlinear Schrödinger equation. The BEC team 
of applied math students set out to study the properties of the 
solutions of this nonlinear partial differential equation by ana-
lyzing the conserved quantities of the equation (associated with 
the energy and the number of atoms of the system), examining 
the dynamics of the moments of the BEC wavefunction, and 
testing these dynamics against direct numerical simulations. 
The group developed tools to analyze the existence, linear 
stability, and nonlinear dynamics of the important standing 
wave solutions of the system, describing the stationary BECs 
observed in the experiments.

aPPlIED MatH MaStER’S DEgREE PROgRaM:
BOSE-EInStEIn COnDEnSatIOn anD CEllUlaR aUtOMata

For our applied math students the true culmination of the 
project was the use of the analytical and numerical methods 
developed in an attempt to match an experiment that was set 
up almost next door to us, in the Department of Physics in 
Amherst College and, in particular, in the BEC laboratory of 
Professor David Hall. After a visit to the lab to familiarize the 
team with the intricacies and details of a current experiment, 
we set out to try to reproduce the recent experimental data 
of Professor Hall’s research group on two-component BECs. 
It turns out that rubidium has different spin states that can 
be confined concurrently, leading to a theoretical description 
featuring two coupled nonlinear partial differential equations. 
The team observed that if the standard model of two-compo-
nent BECs was numerically simulated under conditions iden-
tical to those of the experiment, it would not yield sufficiently 
good agreement with the experimental data. For this reason, 
in close coordination with the Amherst College team, we de-
veloped methods to improve the standard model by two tech-
niques: including higher order magnetic processes that arise 
in the experiment and, perhaps more importantly, including 
dissipative mechanisms that accounted for the loss of con-
densate atoms in the experiment. Upon careful and detailed 
calibration of these mechanisms and their incorporation in the 
numerical model, our new and improved mathematical model 
captured extremely accurately not only the phenomenology of 
the experiment, but also its quantitative details. In particular, 
the BEC team was able to obtain the beautiful ring patterns 
that the experimental group had observed and to do so for dif-
ferent experimental conditions, thus paving the way for future 
modeling efforts in this area. These ring patters are shown in 
the accompanying figure.

the left column shows numerical results for 2 components,
and the right column shows laboratory results for 2 components
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In the second group project, we looked at cellular automata mod-
els. These were introduced in the 1940s by Stanislav Ulam, who 
used such a model to study the growth of crystals at Los Alamos 
National Laboratory. At about the same time, his colleague, John 
von Neumann, was working on self-replicating systems. When 
Ulam learned that von Neumann was interested in the possibility 
of one robot building another, he suggested that von Neumann 
develop his design around a mathematical abstraction similar to 
the one that he was using in crystal growth. This is considered 
the birth of cellular automata. Von Neumann proved that a given 
pattern would make endless clones of itself in the cellular au-
tomata universe. This discovery gave birth to what is known as 
the tessellation model. 

As a warm-up, the cellular-automata team of applied math stu-
dents implemented simple examples of cellular automata. The 
group also created a graphic user interface for a predator-prey 
model which allows the user to input parameters into the cel-
lular-automata system and to view the interaction between the 
predator and the prey. The two major applications that the team 
studied via cellular automata were predator-prey interactions and 
traffic flow. In the case of predator-prey systems, the cellular au-
tomata are models of the interactions between foxes and hens 
in a grid of cells. At each time step, there are designated rules 
prescribing how the foxes and hens interact with each other and 
with their neighbors. Each species interacts first with species in its 
own cell and then with species in the neighboring cells by simple 
diffusion. Despite the simplicity of this model, many interest-
ing phenomena are observed including periodic traveling waves, 
limit cycles, equilibrium points, and numerous other phenomena 
seen in systems of differential equations describing predator-prey 
interactions. 

We also created a cellular-automata model for traffic flow in a 
Manhattan-like traffic network in which the streets run only 
horizontally and vertically. In our model the intersections are as-
sumed to be rotaries. The streets and rotaries are made up of cells, 
each of which either contains a car or is empty. At each time 
iteration each car advances into the cell in front of it unless the 
cell in front of it is occupied by another car. The following are 
the three primary regions of traffic flow: the cells in the rotary, 
the cells before the rotary, and the cells after the rotary. Using a 
mean-field theory, one can show that independently of the initial 
distribution of cars, the density values in each region approach 
certain predicted values after a long time period. The team wrote 
a program to simulate the model, and their numerical results vali-
dated the predictions of the mean-field theory exactly. The team 
also created animations to display the cars moving in their lanes 
and the cars moving in the rotaries. The team analyzed the veloci-
ties in each region, the lengths of the queues, and the variations of 
these quantities as a function of overall density. Our inspiration 
for choosing these types of cellular-automata models is that simi-
lar models have been successfully used to model real traffic flow.

natHanIEl WHItakER RECEIVES UMaSS 
PRESIDEnt’S PUBlIC SERVICE aWaRD

nathaniel Whitaker was one of six recipients of the University of 
Massachusetts President’s Public Service award at a ceremony held 
on December 8, 2007. Whitaker was honored for his work in help-
ing african-american schoolchildren in amherst improve their skills 
in mathematics. “these recipients have been recognized for consis-
tently going beyond the call of duty in public service,” said UMass 
President Jack Wilson at the UMass Club in downtown Boston. 
Whitaker and other volunteers tutor approximately �0 schoolchil-
dren every Saturday afternoon for two hours in lederle graduate 
Research tower on the amherst campus. Most of the tutors are the 
parents of the schoolchildren. the program has been running for 
more than three years and has resulted in improvement in the stu-
dents’ math skills as well as in their self-esteem and confidence. 

Whitaker started tutoring his son in 200� after his son encountered 
trouble with math. With the help of another parent, this was ex-
panded to include other schoolchildren. In 200�, the tutoring pro-
gram became even bigger when it became a part of the academic 
Initiatives for Maximum Success (aIMS), a community program 
started by Whitaker’s wife and two other parents. the math tu-
toring is a key component of the aIMS program, which provides 
academic support and community building for african-american 
schoolchildren in amherst. Whitaker envisions the program as an 
enrichment program and hopes that as a result of these efforts, 
there will be more minority students in the honors programs in the 
amherst schools and MCaS scores will improve. as Whitaker points 
out, “this award honors the effort that so many people have put 
into this program.” 

“the UMass amherst Mathematics and Statistics department has 
been very supportive of the aIMS program,” Whitaker said. “the 
classroom space that the department helped us acquire is a major 
contribution to the program.” Whitaker believes that having the 
tutoring done at the university makes a positive impression on the 
aIMS students in that they can see themselves being future uni-
versity students. 

Whitaker is extremely grateful for the time given by the volun-
teers, which is the program’s primary and most important resource. 
nevertheless, Whitaker would like to build on his success by en-
abling the program take the next step forward. together with ar-
thur Quinton, Professor Emeritus from the Department of Physics 
at UMass, Whitaker is planning to study the physics of basketball 
with middle and high school students. Doing this will require ad-
ditional resources, including a projector and a laptop computer.

UMass President Wilson, Whitaker and  
family, and Chancellor lombardi
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JEnnIE D’aMBROISE  
RECEIVES DIStIngUISHED 
tEaCHIng aWaRD

Jennie D’Ambroise, a graduate student 
in the Department of Mathematics and 
Statistics, has been awarded the Distin-

guished Teaching Award, one of the university’s most prestigious 
honors. Chosen from a group of more than 100 nominees, Ms. 
D’Ambroise was one of two teaching assistants and three fac-
ulty members to receive this campus-wide award. The choice 
of recipients of the Distinguished Teaching Award is based on 
evaluations and letters written by students during the course 
of the academic year. Ms. D’Ambroise will be recognized for 
her achievement at both the undergraduate and graduate com-
mencement ceremonies.

Ms. D’Ambroise has taught various mathematics courses includ-
ing basic university requirements and calculus for science and 
engineering majors. She believes that fostering mutual respect 
and open communication between herself and her students is 
the foundation of her success in teaching. When asked about 
her role in teaching an undergraduate course, Ms. D’Ambroise 
replied that it is to guide and support each student in his or her 
journey of becoming academically confident and independent. 
“I demonstrate my love of mathematics during my lectures,” she 
said, “and this encourages student attendance and participation. 
I also enjoy working with my students individually.” She went 
on to say that her own dedication is often mirrored in the suc-
cess achieved by her students. “I am convinced that all students 
can thrive in a supportive environment that is centered around 
constructive criticism and lots of hard work.” Ms. D’Ambroise 
hopes that in the process of developing mathematical skills, her 
students will come to realize that commitment and enthusiasm 
is the secret to success not only in the mastery of mathematics, 
but also in any other endeavor.

Ms. D’Ambroise is currently working on a Ph.D. dissertation 
under the direction of Professor Floyd L. Williams, focusing on 
mathematical questions arising in Einstein’s theory of general 
relativity. Their initial findings were published this year in the 
International Journal of Pure and Applied Mathematics, and Ms. 
D’Ambroise has subsequently been invited to speak on these 
results at a conference in August.

JEnIa tEVElEV RECEIVES SlOan  
RESEaRCH FEllOWSHIP

Assistant Professor Jenia Tevelev 
of the Department of Mathemat-
ics and Statistics has been named a 
2007 recipient of a Sloan Research 
Fellowship. This year 118 fellow-
ships were awarded, of which 20 
were in mathematics. These ex-
tremely competitive awards, pre-

sented annually by the Alfred P. Sloan Foundation to research-
ers throughout the sciences, are “intended to enhance the 
careers of the very best young faculty members in specified 
fields of science.”

Jenia received his Ph.D. in mathematics from Moscow State 
University in 1999. After holding temporary research positions 
in Europe, in 2002 he became an instructor at the University 
of Texas in Austin. Now in his first year at the University of 
Massachusetts Amherst, Jenia is the first person nominated by 
the Department of Mathematics and Statistics to have won 
this award. 

Jenia’s field of research is algebraic geometry, which studies al-
gebraic varieties — shapes defined by systems of polynomial 
equations. Just like biological species, algebraic varieties can be 
roughly classified and given names such as rational curves, del 
Pezzo surfaces, Abelian varieties, varieties of general type, etc. 
But the difference is that varieties of each type depend on cer-
tain continuous parameters, and the set of all parameters itself 
is an algebraic variety, the so-called moduli space. One is par-
ticularly interested in compact moduli spaces that parametrize 
varieties with allowed singularities or degenerations. In his re-
search Jenia studies moduli spaces by blending techniques of 
Mori theory (an ambitious project aimed at classification of 
all varieties with mild singularities) and a new field of tropical 
algebraic geometry, which assigns to any variety an object of 
combinatorial nature, basically a polytope (think dodecahe-
dron in many dimensions like a 120-cell). (see page 8)

As the award letter from the Alfred P. Sloan Foundation points 
out, Jenia’s award “convey[s] a clear indication of the high es-
teem in which your past work and future potential are held 
by your fellow scientists.” He will use the fellowship to invite 
speakers to colloquium talks and to support his own travel 
as well as that of visitors, postdocs, and graduate students in 
algebraic geometry.
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the Poincaré Conjectiure continued from page 7

Even though the Poincaré conjecture is a topological problem, the approach that finally led to Perelman’s 
amazing achievement involved geometry and analysis. The usual, two-dimensional round sphere may 
be characterized by the geometric property that, at every point, it curves the same amount in every di-
rection. Other surfaces, like that of a bagel, also admit a curvature characterization. In 1983, William 
Thurston made a far-reaching conjecture about three-dimensional spaces. Known as Thurston’s geom-
etrization conjecture, it claims that any such space could be cut up so as to decompose it into pieces each 
of which has a simple geometric structure. Analysis and differential equations came into play in the work 
of Richard Hamilton, who focused on properties of the metric, the notion of distance between points 
that determines the shape and curvature of space. Hamilton proposed to let the metric evolve according 
to the Ricci flow so as to try to make the curvature distribution as uniform as possible. In his marvel-
ous new book on the Poincaré conjecture entitled The Poincaré Conjecture: Determining the Shape of the 
Universe, our Mt. Holyoke College colleague, Donal O’Shea, describes this process as follows: “The Ricci 
flow equation treats the curvature of space as if it were an exotic type of heat, akin to molten lava, flow-
ing from more highly curved regions and seeking to spread itself out over regions with lesser curvature.” 
Hamilton and his collaborators had great success in studying how spaces evolve under the Ricci flow. But 
they were stymied in their attempts to prove the Poincaré conjecture by the fact that as three-dimensional 
spaces evolve, they acquire very nasty singularities that could, in principle, make the whole process come 
to a screeching halt. 

Between November 2002 and July 2003, Grigory Perelman posted 
three papers on arxiv.org, an online server for the exchange of manu-
scripts in mathematics and physics. In these papers he asserted that 
even if the space developed singularities while evolving under the Ricci 
flow, it would do so in a controlled way that would still allow for the 
topological arguments necessary to prove the Poincaré conjecture. If 
correct, Perelman’s work would complete Hamilton’s Ricci-flow pro-
gram and result in a complete proof not only of the Poincaré conjec-
ture but also of Thurston’s geometrization conjecture. In the spring of 2003, Perelman lectured on his 
work at MIT and SUNY Stony Brook. Faithful readers of this newsletter may recall the account of these 
lectures, written by Professor Rob Kusner together with graduate students Eli Damon Cooper and So 
Okada (Ph.D. ’06) and published in the 2003 newsletter. To everybody’s amazement, Perelman dropped 
out of sight after these lectures without ever submitting his manuscripts for publication, and it was left 
to the mathematical community to pore over the details of Perelman’s argument. Between May and July 
2006, complete accounts of Perelman’s work were made available by Bruce Kleiner and John Lott, John 
Morgan and Gang Tian, and Huai-Dong Cao and Xi-Ping Zhu. This left no doubt that Perelman had 
indeed reached the end of the hundred-year adventure initiated by Poincaré. The International Math-
ematical Union recognized this achievement by awarding Grisha Perelman the Fields Medal in August 
2006. Unfortunately, Perelman refused the award. In the next year or so, the Clay Mathematics Institute 
will decide on the awarding of its million-dollar prize. Everybody expects Perelman to be offered at least 
a share of the prize, but nobody knows what his response will be.

The particular circumstances surrounding Perelman’s work have added a touch of intrigue and contro-
versy to the proof of the Poincaré conjecture. A much debated article in The New Yorker by Sylvia Nasar 
has led to irate responses and threats of lawsuits; Ms. Nasar is the well known author of the book A 
Beautiful Mind, the remarkable account of the life of the mathematician John Nash that was made into 
a movie. Fortunately, the controversy has not detracted from the mathematical achievement. Although 
there are exceptional cases, most of the time beautiful mathematics and great mathematicians do not 
happen in a vacuum. They are the result of the work of hundreds and thousands of mathematicians 
all over the world working by themselves or in small groups and sharing their results through lectures, 
meetings, and publications. Grisha Perelman’s dazzling and spectacular work is the crowning piece in the 
proof of the Poincaré conjecture, but it rests on a foundation created by a truly universal enterprise. Six 
Millennium Problems still remain unsolved, and mathematicians are already asking which one will be 
the next to fall.

SUPPORt tHE HEnRY 
JaCOB MatHEMatICS 
COMPEtItIOn

the Henry Jacob Math-
ematics Competition car-
ries on a tradition begun 
by its namesake, who 
had a longtime interest in 
promoting mathematics 
among undergraduates. 
the competition plays 
a vital role in recogniz-
ing and encouraging 
mathematical talent at 
UMass amherst. Many 
students taking the exam 
go on to pursue a closer 
relationship with the 
department, for instance 
through undergraduate 
research projects and 
honors theses.

today, the mathematics 
competition needs your 
help through donations 
to support student prizes. 
Your gift to the com-
petition helps to kindle 
interest in mathematics 
among undergraduates, 
to bring new students 
into the department, 
and to raise the visibilty 
of the undergraduate 
mathematics program at 
UMass amherst.

g. Perelman 
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nEW FaCES In tHE DEPaRtMEnt

Qian-Yong Chen joined the Department of Mathematics and Statistics in 
fall 2006. He is working in the areas of numerical analysis and scientific 
computing. The primary focus of his work is on developing numerical meth-
ods for nonlinear deterministic and stochastic partial differential equations 
arising in fluid dynamics and geophysical applications. Professor Chen received a B.S. degree in 
computational mathematics from the University of Science and Technology of China, an M.S. 
degree in computational mathematics from the Institute of Computational Mathematics at the 
Chinese Academy of Sciences, and an M.S. degree in computer science and a 2004 Ph.D. degree 
in applied mathematics from Brown University under the direction of David Gottlieb, the Ford 
Foundation Professor of Applied Mathematics. Since completing his Ph.D., Qian-Yong held an 
industrial postdoctoral position at the Institute for Mathematics and its Applications at the Uni-
versity of Minnesota. He spent the first year of the postdoc in the Petroleum Modeling Group of 
ExxonMobil Upstream Research Company. Scientific computing is an area of critical importance 
for the university, and Professor Chen’s expertise on multiscale spectral and finite-element methods 
make him an extremely valuable addition to the Department.

Jenia Tevelev came to UMass Amherst in fall 2006 from the University of 
Texas at Austin, where he was a visiting assistant professor from 2002 to 
2006. After receiving his Ph.D. from Moscow State University in 1999, Jenia 
held visiting positions at the University of Glasgow in the UK and the Uni-
versity of Basel in Switzerland. Tevelev’s early work on algebraic transforma-
tion groups and invariant theory resulted in his monograph Projective Duality 
and Homogeneous Spaces, which was published in Springer-Verlag’s prestigious 

series Encyclopaedia of Mathematical Sciences. More recently, Jenia has turned to algebraic geometry, 
the field of mathematics concerned with the study of spaces defined by polynomial equations. In 
particular, he is concerned with moduli spaces, which are spaces that classify a particular type of al-
gebraic variety. He is one of the world’s leaders in the emerging field of tropical algebraic geometry, 
which blends combinatorial and algebraic arguments in the study of geometric objects. In recogni-
tion of his groundbreaking work, Professor Tevelev received a 2007 Sloan Research Fellowship, one 
of the most prestigious awards in mathematics.
 

gEORgE aVRUnIn RECOgnIzED aS aCM DIStIngUISHED SCIEntISt
In October, the association for Computing Machinery recognized Professor george avrunin as a Distinguished 
Scientist. avrunin and �8 others named as Distinguished Scientists, Engineers, or Members of the aCM were 
recognized for significant accomplishments or impact on the computing field.

David Patterson, past president of the aCM and a computer scientist at the University of California Berkeley, 
said, “the computing disciplines are the drivers behind much of the world’s innovations. these prominent sci- 
entists, engineers, and professionals have made breakthroughs in computing that benefit our world every day.” 

avrunin joined the Department of Mathematics and Statistics in 1976 and has served as associate Head since 
2002. He is also an adjunct Professor in the Department of Computer Science. His research focuses on meth-
ods for analyzing the behavior of systems involving multiple computers to determine whether any execution 
of the system can violate the requirements that the system was designed to meet. this research involves 
the construction of suitable finite models that can represent all possible behaviors of the system and the 
development of efficient algorithms for proving properties of those models. In one of his current projects, for 
example, he is working with researchers at two other universities and the argonne national laboratory to 
discover and correct bugs in large-scale computer simulations that turn up only when the simulation codes 
are run on the largest supercomputers. and together with researchers in the Department of Computer Science 
and the School of nursing at the University and with medical staff at Baystate Medical Center in Springfield, 
he is also attempting to apply some of these analysis techniques to formal descriptions of complex medical 
processes, such as the administration of chemotherapy, with the goals of reducing both cost and the number 
of medical errors. Both of these projects are funded by the national Science Foundation. 

avrunin is a member of the Editorial Board of the ACM Transactions on Software Engineering and Methodol-
ogy and serves frequently on program committees for international conferences and review panels. In 200�, 
he was the general Chair of the International Symposium on Software testing and analysis.

SOlUtIOn tO laSt 
YEaR’S CHallEngE 
PROBlEM

last year’s challenge problem 

was the following:

For which rational numbers q 

is the sum �q� +10q2 + �q an 

integer. 

I must apologize for not ac-

knowledging those people who 

sent in solutions to this problem. 

I had to move my office last 

year, and, with the difficulty and 

confusion of having to struggle 

with the accumulation of more 

than �0 years, somehow my 

notes on the challenge problem 

disappeared. the solution that I 

am presenting here is due to my 

friend and colleague Professor 

Emerita Eleanor killam.

let q = a/b with a and b rela-

tively prime. If the given sum is 

an integer n, then we may write 

�a�/b� + 10a2/b2 + �a/b = n. after 

multiplying by b� and factoring, 

we have a(�a+b)(a+�b) = nb�. 

Since b� and b divide the right 

side of this equation, they must 

also divide the left side. Since a 

and b are relatively prime, one 

can show that b can only divide 

�a+b and therefore b can equal 

only 1, -1, �, or -�. If b equals 1 

or -1, then q is an integer, and so 

the sum is an integer. If b equals 

�, then b� = 27 divides �a+�, 

and so 9 divides a+1. In this 

case a = 9k-1 for some integer 

k. therefore q = a/b = �k-1/�, 

and the sum �q�+10q2+�q = 

�q(�q+1)(q+�) becomes (�k-

1/�)(9k-1+1)(�k-1/�+�) = k(9k 

-1)(9k+8), which is clearly an in-

teger. Since using b = -� gives a 

similar result, the answer to the 

problem is all integers q and all 

rational numbers q of the form 

�k-1/� for any integer k. 
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ERROR-CORRECtIng tHE HOnORS PROgRaM

by Tom Weston
This fall semester marked the debut of the dramatically revamped honors program within the Depart-
ment of Mathematics and Statistics. The capstone of this effort was the introduction of a new two-semes-
ter course, Math 499C/D. In this course, modeled after the department’s successful applied mathematics 
master’s program, ten students are working with Associate Professor Farshid Hajir and Visiting Assistant 
Professor Michael Bush on research in the theory and practice of error-correcting codes. Such codes are 
used to prevent information loss any time information is electronically transmitted, including, for exam-
ple, DVDs and transmissions from satellites. See the sidebar for the well known example of the ISBN.

 The course began with background lectures from Professors Hajir 
and Bush. By the end of the first semester, however, the course 
had transitioned to more of a seminar format, with the students 
presenting papers to each other and beginning their individual 
and group projects. At the conclusion of the course each student 
will have written an individual paper involving original work in 
coding theory, thereby satisfying the final requirement for Com-
monwealth College honors. Next year the capstone course will be 
taught by Assistant Professor Hans Johnston, focusing on classic 
algorithms in applied mathematics.

The capstone course was the most dramatic result of the revamped 
departmental honors program that went into effect this year. In 

addition, Math 511–512 (abstract algebra), Math 523 (analysis), 
Math 532 (introduction to ordinary differential equations) and 
Math 534 (introduction to partial differential equations) were 
designated as honors courses and thus count towards a degree in 
Commonwealth College. While the content of these courses re-
mained unchanged, the department felt that in their present state 
these courses were all comfortably above the threshold for honors 
courses at the university. In order to expand the offerings in pure 
mathematics, the department also chose to resurrect Math 563 
(differential geometry) as an honors course. Finally, an honors 
section of Stat 515 focusing on probability was created. These 
courses provide an upper division complement to the traditional, 
lower division honors offerings of the department.

These changes were proposed by Professor Bruce Turkington and 
Assistant Professor Tom Weston after a review of the departments 
honors program and consultations with Commonwealth College 
in the fall of 2005. The department’s honors program has seen 
dramatic growth in recent years: there are currently 12 senior and 
13 junior mathematics majors enrolled in Commonwealth Col-
lege, with the majority of them pursuing departmental honors.

Instructors and Students in Math �99D, Spring 2007

Perhaps the best known example of an error-correcting code is 
the International Standard Book number (ISBn). Prior to this year, 
every book published in the world was assigned a ten-digit iden-
tification number known as the ISBn-10. For example, the 200� 
edition of Stewart’s Calculus has the following ISBn-10: 0-���-
�9��9-x. Here the first digit indicates the language of the book 
(0 for English), the next three digits identify the publisher of the 
book (Brooks Cole), the next five identify the specific book, and 
the last digit is a check digit used for error detection. Specifically, 
the last digit is chosen so that 

1 * 0 + 2 * � + � * � + � * � + � * � + 6 * 9 + 7 * � + 8 * � + 9 * 
9 + 10 * X = ��0 

is divisible by 11, where X stands for the base 11 digit 10.

to explain the purpose of this “checksum,” suppose that when a 
librarian records this ISBn number, he accidentally writes the fifth 
digit as an 8. If later someone computes the checksum, she will 
get ���. Because this is not divisible by 11, she can be sure that a 
mistake was made in the original transcription. the proof of this 
makes essential use of the fact that 11 is a prime number. Similar-
ly, if the second and third digits were accidentally interchanged, 
then the checksum would be ��2, again indicating an error. note, 
however, that it is not possible to determine what particular error 
has been made.

there were two common complaints about the ISBn-10. First, 
some people were bothered by the occasional need to use an X 
for the final digit. More importantly, there simply are not enough 
digits. Because there are well over a thousand publishers in the 
world, it became necessary for more recent publishers to use the 
fifth digit for their identification number. these publishers only 
have 10,000 numbers for their books, which, for some companies, 
is too few.

as a result, in 2007 the standard became the ISBn-1�. Unfortu-
nately, while the ISBn-1� addresses both of the above problems, 
it represents a step backward mathematically. Specifically, the 
ISBn-1� is a 1�-digit decimal code; for example, the ISBn-1� for 
Stewart’s text is 978-0����9��97. Here the final digit is a check 
digit chosen so that

1 * 9 + � * 7 + 1 * 8 + � * 0 + 1 * � + � * � + 1 * � + � * � + 1 * 
9 + � * � + 1 * � + � * 9 + 1 * 7 = 120

is divisible by 10. note that the final ten digits in the ISBn-1�, 
excluding the check digit, are identical to the ISBn-10. at the mo-
ment the only allowed prefixes are 978 and 979, although these 
will expand as demand requires. the ISBn-1� can still detect a 
single incorrect digit. However, it cannot detect a pair of inter-
changed digits, even if they are consecutive. the fundamental 
problem here is that 10, unlike 11, is not prime.
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Together with Professor Emeritus Floyd L. Williams, Shab-
nam Beheshti published a paper entitled “Explicit Soliton-
Black Hole Correspondence for Static Configurations” in 
Journal of Physics A: Mathematical and Theoretical. Shabnam 
gave a lecture entitled “Some Recent Developments in Two-
Dimensional Dilaton Gravity” at the Fall AMS Sectional 
Meeting held at the University of Connecticut and attended 
the January AMS-MAA meeting in New Orleans. She was 
invited to be a guest panelist for the Texas Tech University 
Emmy Noether Mathematics Day May 2009. Shabnam has 
been instrumental in running the department’s Geometric 
Relativity and Cosmology Seminar and in involving the De-
partment of Physics in this seminar. She recently turned down 
a position in Dubai.

Jennie D’ambroise won the University Distinguished 
Teaching Award. Together with Professor Emeritus Floyd 
L. Williams, she published a paper entitled “A Non-Linear 
Schrödinger-Type Formulation of FLRW Scalar Field Cos-
mology” in the International Journal of Pure and Applied 
Mathematics. During the summer Jennie will give an invited 
talk at the 4th International Conference on Applied Math-
ematics and Computing to be held in Bulgaria and will attend 
two conferences in Sydney, Australia. She also attended the 
Rethinking Gravity conference held in Tucson. 

Michael Diehl gave talks at Albright College, Endicott Col-
lege, Georgian Court University, and Gettysburg College (two 
talks) and a colloquium at Bard College. He accepted an as-
sistant professorship at Endicott College.

Together with four co-authors Jacob gagnon published a 
paper entitled “X, Y, and Z Waves: Extended Structures in 
Nonlinear Lattices” in Physical Review E. He also presented 
his digital artwork at exhibitions and produced a number of 
artworks such as book covers.

Elena giorgi published three papers with co-authors on epi-
demiology.

Mairead greene gave a talk entitled “On the Index of Cyclo-
tomic Units” at a number theory conference in Quebec and 
at a special session of the AMS meeting in New Orleans. She 
accepted a tenure-track position in mathematics at Rockhurst 
University.

gregory Herring received an award for a graduate student 
presentation at the IMACS Conference on Nonlinear Evo-
lution Equations and Wave Phenomena: Computation and 
Theory, held in Athens, Georgia. Together with four co-au-
thors Gregory published a paper entitled “Minimal Model for 
Tumor Angiogenesis” in Physical Review E. Another paper of 
his has been accepted for publication in Physics Letters A and 

is in press while a third paper has been submitted to Physical 
Review E. Gregory recently accepted a tenure-track assistant 
professorship at Cameron University.

Choonghong tadahiro Oh (“Hiro”) presented a talk en-
titled “Local Well-Posedness of a One-Parameter Family of 
Coupled KDV Systems” at the 6th Prairie Analysis Seminar 
held at the University of Kansas. He also attended conferences 
at Kyoto University, Osaka Kyoiku University, RIMS, Uni-
versity of Minnesota, and University of Montreal; at most of 
these conferences he received financial support. Three papers 
from Hiro’s thesis will be submitted for publication during the 
summer. He accepted a postdoctoral position at University of 
Toronto.

Penny Ridgdill attended the 2007 Arizona Winter School on 
p-adic geometry and participated in the project “P-adic Co-
homology: From Theory to Practice” directed by Kiran Ked-
laya of MIT.

Our former student nikolaos tzirakis (Ph.D. 2004) cur-
rently has a postdoctoral position at University of Toronto. 
He accepted a tenure-track position at University of Illinois in 
Urbana-Champaign.

Christine Von Renesse accepted a position at Westfield State 
College.

In September 2006 So Okada received a Ph.D. degree in 
mathematics and nageswaran Visweswaran a Ph.D. degree 
in applied mathematics.

The following students are expected to receive Ph.D. degrees 
this year: Sasanka are, Shabnam Beheshti, Eli Damon 
(formerly BeechHaven), Michael Diehl, Mairead greene, 
gregory Herring, Choonghong tadahiro Oh (“Hiro”), and 
Christine Von Renesse.

In September 2006 aaron gerding and george Shapiro re-
ceived a Master’s degree in mathematics while li xiaohong 
and li xuanzhong received a Master’s degree in statistics. We 
also acknowledge that Jacob gagnon received a Master’s de-
gree in mathematics in February 2006, a degree that had not 
been reported at the time. In February 2007 nicholas kuckel 
and Penny Ridgdill received a Master’s degree in mathematics 
and Chan Wai ning a Master’s degree in statistics. The fol-
lowing students are expected to receive a Master’s degree this 
year: aleams Barra, Sung Ha Hwang, gregory lanson, 
Wing Mui, and Chenyu Wang in mathematics; Matthew 
kindzerske, Joshua larson, kody law, John Rhoades, 
and Eric Valentine in applied mathematics; and Melissa El-
iot, Edward Hunt, anna kucheryavaya, David Resendes, 
Wenwen zhang, and Yue zhao in statistics.

gRaDUatE PROgRaM nOtES  by Ivan Mirkovic
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andreana Shanley, Michael kranin, Brian Scannell, 
Jimin Ha, Elizabeth Monahan, Emily Braley, Jaclyn 
traversi, Evan Innis, kate Sansom, laura Beltis, 
Roy Perdue, Prof. Olga R. Beaver, James Francis

this year the Mathematics and Statistics Department began a new tradition by hosting a 
banquet to honor achievements of our top undergraduates. Participants in the Capstone 
course (see page 1�), undergraduate research projects (see sidebar) were recognized, along 
with the winners of the M. k. Bennett geometry award, the Barksdale Scholarships, and 
the Henry Jacob Mathematics Competition. We were also delighted to host four of our distin-
guished alumni: Ollie Beaver ‘79, Jim Francis ‘86, Roy Perdue ‘79, and andreana Shanley ‘90.

M. k. Bennett geometry award
The M. K. Bennett Geometry award was founded by a group of 
alumni led by Robert and Veronica Piziak to honor the memory of 
Prof. Mary Katherine Bennett. In 1966 Prof. Bennett earned the 
first Ph.D. from the department under the direction of Prof. Da-
vid Foulis. After teaching at Dartmouth, she returned to UMass 
Amherst for the rest of her career, where she encouraged interest 
in geometry and high school teaching among undergraduates. 
Each year the award is presented to the students with the stron-
gest performance in Math 461, Affine and Projective Geometry I. 
This year’s winners were Kate Sansom and Jaclyn Traversi.

Jaclyn traversi, Prof. Peter nor-
man, kate Sansom

Jonathan klaucke, Emily Braley, Prof. Farshid 
Hajir, tom greene, Daniel arpino, laura Beltis, 
and kate Sansom

OUtStanDIng UnDERgRaDUatES HOnORED

Henry Jacob Mathematics Competition
The 22nd Henry Jacob Mathematics Competition honors the memory of Prof. Henry Jacob, who 
encouraged interest in mathematics among undergraduates through an annual mathematics contest. 
This year first prize was awarded to Michael Kranin, a sophomore majoring in computer science. 
Astute readers will no doubt remember Kranin as the second place winner of last year’s competition. 

The $1500 cash award was presented to Kranin by the sponsors 
of the competition, Roy Purdue ‘75 (Solutions by Computer) and 
James Francis ‘86 (Northern Trust Global Investments). Andrew 
Hall, a mathematics and physics major, and Kai Xiao, a matheam-
tics major, split the second prize, each taking home $500.

James Francis, Roy Perdue, Prof. Eleanor killam, Michael kranin, 
Prof. Haskell Cohen

Barksdale Scholarship
The Barksdale Scholarship is sponsored by a generous gift from Joan B. and Edgar W. Barksdale via 
the Fairfield County Community Foundation. Five students received awards of $1000 each: Jimin 
Ha, Shaohan Hu, Elizabeth Monahan, Elizabeth Rossolino, and Brian Scannell. The honorees were 
selected by the faculty based on outstanding erformance in the department’s core courses.

RESEaRCH PROJECtS BY  
UnDERgRaDUatES
by Peter Norman

During the summer of 2006 
four undergraduate stu-
dents worked full time with 
members of our faculty on 
individual research projects. 
By giving students the op-
portunity to discover new 
mathematics, this activity 
allowed them to see another 
side of mathematics that 
they do not see in class.
• Emily Brayley and laura 

Beltis worked with Farshid 
Hajir on coding theory. 
the general problem is 
to encode information 
in such a way that it is 
possible to detect errors 
in the transmission of the 
data with as little redun-
dancy as possible. 

• Evan Innis worked with 
Rob kusner on problems 
arising from trying to 
tie knots with a rope of 
fixed radius while making 
the length of the rope as 
short as possible. 

• alexander Mcavoy 
worked with Paul  
gunnells on problems  
arising from the structure 
of the symmetric group.

Support for the students 
came largely from donations 
by alumni to the department. 
additional support also came 
from the national Science 
Foundation as supplemental 
grants to faculty research 
grants. Faculty involved  
in these undergraduate  
research projects are not 
compensated beyond  
the pleasure of working 
with bright, hardworking 
students.
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by Hans Johnston
ENIAC, the first general purpose digital computer, was con-
structed only 60 years ago. During that relatively short time span, 
computational modeling has rapidly secured itself as the third 
component in modern scientific discovery along with theory and 
experiment. In many cases, simulations of the physical world allow 
faster and more exacting tests of theory than would be possible by 
experiment alone. At the same time such simulations allow a much 
more sophisticated analysis of experiment than theory alone could 
provide. The mainstream adoption and evolution of computing 
in scientific research has been primarily driven by three closely 
linked economic and technological factors: (i) the introduction 
of increasingly powerful computer hardware beginning with the 
microprocessor by Intel in the 1970s, (ii) the development of high 
level programming languages and standardized numerical librar-
ies, and (iii) the ease of interacting with these tools via graphical 
user interfaces that allow users to develop application codes and 
to analyze results. 

A testament to the recognition of the impact that such computer 
simulations have had on the advancement of science is the shar-
ing of the 1998 Nobel Prize in Chemistry by John A. Pople, who 
was originally trained as a mathematician. He received the No-
bel Prize for his development of Gaussian, a quantum chemistry 
program for modeling molecular electronic structure. Of course, 
mathematical computation is not limited to the study of physical 
systems or to problems in applied mathematics. For example, a 
number of theorems in pure mathematics have been proved with 
the extensive aid of computers. Most notable are the Four-Color 
Theorem by Appel and Haken in 1976 and Kepler’s sphere-pack-
ing problem by Hales in 1998. For each of these problems the 
proof was reduced to a large-scale calculation involving many spe-
cific cases, so large as to frustrate any attempt to carry out the 
proof by traditional means.

A major goal in the Department of Mathematics and Statistics 
has been to enhance our strengths in computational mathematics. 
Current areas of research in the department involving substantial 
computation include bioinformatics, computational algebra and 
number theory, computational fluid dynamics, condensed mat-
ter, modeling and simulation of materials and polymers, multi-
scale modeling and simulation, optical physics, statistical 
computing, and stochastic systems. The resources used to 
carry out this work have consisted mainly of personal of-
fice computers or those for public use throughout the de-
partment. This was clearly less than an ideal situation. 

In 2006, in an effort to provide a centralized resource with 
significantly more power in terms of both raw computa-
tional speed and available memory than that available to 
the faculty at the time, I together with Paul Gunnells, Mar-
kos Katsoulakis, Panayotis Kevrekidis, and Bruce Turking-
ton applied for a National Science Foundation grant in 
the Scientific Computing Research Environments for the 
Mathematical Sciences (SCREMS) program. Fortunately 

we were successful in this highly competitive program, receiving 
an $84,000 award that made possible the purchase a 13-node 
Beowulf cluster. Beowulf clusters are commodity-based machines 
that were first developed at NASA’s Goddard Space Flight Center 
in the mid 1990s as a cost-effective alternative to large supercom-
puters. Our cluster was delivered this past January and was duly 
named ABACUS. 

The numbers associated with the new ABACUS are impressive. 
In all there are a total of 30 dual-core AMD Opteron chips and 
76GB of RAM. A majority of the nodes have just 2 chips and 
4GB of memory while the most powerful are configured with 4 
chips and 16 GB of memory. Control and management of the 
cluster is handled by a dedicated head node, and communica-
tions within the cluster takes place over a dedicated 10GB/s eth-
ernet network. While traditional serial computational work can 
be run on a single node, the full computational capability of the 
cluster is harnessed when all nodes are used in unison to process 
parallel distributed memory jobs. Fortunately, this only requires 
modifying existing codes to incorporate library calls to such soft-
ware packages as MPI (message passing interface), which provide 
high level routines to distribute and manage both the data and 
workload. 

In addition to providing a critical resource for faculty research, 
ABACUS will also be used in a number of courses, both under-
graduate and graduate. Today the training of students in com-
putational methods is not complete without their being exposed 
to and learning the details of computer simulations of complex 
real-world phenomena based on novel and advanced mathemati-
cal models. Such simulations are necessarily being performed via 
some form of parallel processing, be it distributed or SMP (sym-
metric multiprocessing). ABACUS will provide invaluable train-
ing in terms of both the use of such state-of-the-art systems and 
the development of algorithms for them. The availability of the 
cluster will also enhance our course offerings involving a com-
putational component. These courses are increasingly attracting 
students from both the department and from many of the uni-
versity’s science and engineering programs. Some recently offered 
and currently proposed courses include Monte Carlo methods, 
multigrid methods, numerical analysis, numerical linear algebra, 
spectral methods, and stochastic processes. 

The acquisition of the ABACUS cluster represents a significant 
milestone in the department in terms of computational 
mathematics. Not only is it serving much of the current 
computing needs of the department, but also it provides 
an excellent foundation for future needs. Indeed, the 
ABACUS cluster will not become obsolete. Its compu-
tational power can be increased by simply adding new 
nodes requiring little or no modification to the existing 
hardware. Given the increasingly intense competition in 
the commodity computer hardware market, this bodes 
well for the department’s commitment to continue car-
rying out high-level, cutting-edge research in computa-
tional mathematics and related fields.

tHE aBaCUS BEOWUlF COMPUtER ClUStER

aBaCUS Beowulf Computer Cluster
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tHE FOllOWIng alUMnI anD FRIEnDS HaVE MaDE COntRIBUtIOnS 
to the Department of Mathematics and Statistics over the past year. We greatly appreciate your generosity. It is through this 
generosity that we are able to improve and enrich the educational experience of our students.

giving to the Department of Mathematics and Statistics supports initiatives in an array of areas:

• a gift of $100 or less helps support the Math Club, the awards Dinner, and other student functions.

• a gift of $100 – $�00 provides funding for awards for outstanding undergraduate majors and graduate students to help  
 honor their achievements.

• a gift of $�00 – $1000 helps support student travel to conferences and workshops, and could sponsor a prize in the  
 mathematics competition.

• For $1000 – $�000 your gift could provide funds to support increasing classroom technology such as tablet PCs and  
 projectors. You could fund a seminar series or a distinguished lecture.

• For $�,000 – $�000 your gift could fund the summer research of REU (Research Experience for Undergraduates) students. 
 You could provide summer support for graduate students so that they could concentrate on their dissertation research,  
 or provide support for junior faculty.

to make a gift to the department, please use the enclosed gift envelope or visit our gift page on the department’s website: www.
math.umass.edu/give/donate.html. the website www.umass.edu/development/ offers more information about donating to the 
campus and the opportunity to make your gift online.

InDIVIDUal DOnORS 
($800+)
Dawn and Stephen Forde
James Francis
Roy Perdue
Hongxin Wang

InDIVIDUal DOnORS 
($200-$800)
Carmen Acuna
Olga R. Beaver
Douglas Brothers
Carol and William Cox
Wayne Duckworth
Jonathan Fienup
Gerald Janowitz
Kenneth Johnson
Robert Jones
Marilyn Lacerte
Charles Lang
Evelyn and Mark Leeper
Laura Ritter
Gerard Sarnie
Andreana and James Shanley
Scott Simenas

InDIVIDUal DOnORS
Samuel Antiles
June and Erwin Bacon
Amy Bacon
Linda Bailey
Catherine and Cristopher   
 Ball
Joan Beardsley
Fredricka Bennett
Susan Blanchard

Joan and David Bodendorf
Gail Brittain
Stephen Burns
Ronald Burt
Britt Cain
James Chaney
Frances Chevarley
Elizabeth Colby
Carol Colon
Ann Condon
Marjorie Cook
Cheryl Crow
Robin Dally
Raymond Damato
Gail De Vun
Lawrence DeBlasiis
Paul Desmarais
Robert Dines
Susan Director
Patricia Doherty
Peter Dolan
Joseph Dorval
Carol Ducharm
Constance Duffy
David Ellenbogen
Gloria and Keith Ferland
Patricia Fisher
Mary Ann Godbout
Hannia Gonzales
William Goodhue
Andrew Gori
John Goshdigian
Arthur Groves
Rose Mary and Douglas   
 Haddad

Jonathan Hale
Helen Harris
Carolyn and Reed Hoyt
Gretchen Jacob
Renee Janow
Patrichia Jones
Anthony Julianelle
Lynn Klokman
Robert Knowles
Vicki Kuziak
Richard LaBlanc
Lisa LaVange
Lorraine Lavalee
Beverly Lawson
Marguerite Lawton
Rachel and Donald Levy
Deborah and Mark Magnus
Douglas Malloy
Lois and Clifford Martin
Gregory Maymaris
Robert McCarthy
Mary and Michael McColgan
Forrest Miller
Joan Molin
Deborah and Abdelhamid  
 Morsi
Maura Murray
Darlene and John Nelson
Michael Ostroesky
M. Palisted
Susan Partyka
Eduardo Pina
Katherine Porter
Caroline and Robert Putnam
Laura and Daniel Rasmussen

Charles Rice
Steven and Claire Robinson
Josephine Rodriguez
Mary and Jerry Rosen
Margaret Ross
Brian Scott
Laurence Shumway
Ann Sieben
Walter Sizer
Jonathan Skinner
Earl Smith
William Spezeski
Kenneth Stambaugh
David Stillman
Bruce Swanson
Richard Tabor
Robert Tardiff
James Tattersall
Fushing Wei
Judith White
Carolyn White
Colleen Whitman
Gerald Wickham
Terry Wojtkunski
Joan Wuensch

CORPORatE DOnORS
Accenture
Bazzaz Performance
Fairfield County Community 
Foundation
General Electric
Hartford Financial
Verizon Foundation



Department of Mathematics and Statistics
lederle graduate Research tower
710 north Pleasant Street
University of Massachusetts amherst
amherst, Ma 0100�-9�0�

The newsletter is published annually by the Department of  
Mathemtics and Statistics for its alumni and friends. 

YOu ARE iMPORTANT TO uS!  
We want to hear about how your experience with our  
Department affected your life. There are also many opportuni-
ties for alumni and friends to become involved with the Depart-
ment, from giving to the Department to giving a presentation 
to our students about your career and how the Department is 
important to you. Please contact us, share your news with us, 
and let us know what you’re doing! Send any correspondence to: 

Prof, Eduardo Cattani, Department Head
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lederle graduate Research tower
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