
Gary Engle ’71: Problem Solving in the Large

For Gary Engle, growing up in blue-collar suburbs 
of Boston meant that mathematical talent had to be 
downplayed: “I was good at math and had fun doing 
problems, but I was kind of embarrassed by my aca-
demic success at school.” Fortunately Engle didn’t succumb to his 
discomfort and turned his analytical skills into a broad business 
career that today finds him heading his own multibillion dollar 
investment firm.

Engle’s first serious encounter with math came in high school 
when a teacher presented a complicated geometry problem as a 
challenge to the class. “It came from a Russian contest, and I was 
the only kid who managed to solve it.” Engle won a scholarship to 
UMass Amherst, where he was initially interested in both foreign 
languages and math, but quickly he decided on math. 

Unfortunately, success at the university proved more elusive than 
in high school, and by the middle of sophomore year he found 
himself in trouble: “To be honest, I partied too much and let my 
GPA go way down.” He left UMass Amherst to work at blue-col-
lar jobs in Boston, an experience that quickly turned him around. 
“I went back to the university and persuaded them to re-admit 

DEPartmEnt HEaD’S mESSaGE by George Avrunin

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

In comparison to the previous two years, this past academic year has been a relatively calm one 
— no big, mid-year budget cuts, no large-scale reorganizations, just a chance for us all to focus 
on teaching and research. But our excellence in those areas was certainly recognized in some very 
visible ways.

The National Research Council (NRC) finally released its assessment of doctoral programs, the 
first since 1995. The assessments are based on data from 2005 and have been delayed several times 
for revisions in methodology, corrections to data on publications and grants, etc. Unlike the previ-
ous versions, which ranked programs on a single scale, the new version uses two main scales, one 
purely reputational and the other based on a weighting of the data, where the weights are drawn 
from expert assessments. In an attempt to allow for variations in the experts’ rankings, the NRC 
doesn’t give a program a single number on each scale, but instead provides a statistical summary of 
the program’s rankings on those scales. (The NRC also provides the data so that people with spe-
cific interests can introduce their own weights according to those interests. If you’re interested, see 
http://sites.nationalacademies.org/PGA/Resdoc/.) In 1995, our department ranked 58th. On the 
reputational scale the new rankings say that, with approximately 95% confidence, we’re between 
35th and 56th. On the scale that actually looks at performance measures, we’re between 16th and 
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me. I had a family and was highly focused and had no 
trouble earning straight A’s.”

During his second time at UMass Amherst, Engle had 
another experience with contest mathematics when 
Ellen Reed, then a faculty member in the department, 

encouraged him to take the Putnam exam. “The exam was really 
hard, and when the results came back, I wound up in the middle 
of the pack.” This convinced him that he shouldn’t go to graduate 
school in math. “Look, the winner of the contest was 12 or 13 
years old, and I was 21. So I felt, why should I do math?”

Engle took his analytical talents elsewhere. He worked with Cigna 
(then Connecticut General) for a few years and took some actu-
arial exams, and then he earned a fellowship to Harvard Business 
School. After graduating in 1976, he worked in consulting and 
real estate development, where he gained a reputation as a creative 
problem solver.

Today Engle runs his own investment company, Hera East Hold-
ings LLC. He sees directing the company as large-scale problem 
solving: “We look for situations where things are broken, where 
there seems to be a lot of risk, but yet where with some creativity 
we can protect our capital and can rebuild to get good returns.”
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CHaotiC BiLLiarDS 

by Hong-Kun Zhang

Billiards are dynamical systems originating in statistical me-
chanics. In these systems one or more particles move freely in 
a container and collide elastically with the walls. The dynami-
cal properties of such models are determined by the shape of 
the walls of the container, and they may vary from completely 
regular to fully chaotic behavior. The most intriguing example, 
though the least elementary, is chaotic billiards. Figure 1 indi-
cates a chaotic billiard table Q. If M denotes the collection of all 
inward-pointing unit vectors based at the boundary of the table, 
then the billiard map F takes a post-collision vector x to the next 
post-collision vector Fx.

The first class of chaotic billiards was introduced by Ya. Sinai. 
His studies were motivated by Boltzmann’s ergodic hypothesis 
for hard gases of hard balls. An advanced formulation of the 
hypothesis is the following. For large systems of interacting par-
ticles in equilibrium, time averages are close to ensemble aver-
ages or equilibrium averages. It took quite a long time until a 
suitable mathematical object for verifying the ergodic hypothesis 
was found by Sinai in the 1960s. He was able to verify a stron-
ger version of Boltzmann’s ergodic hypothesis formulated for 
the particular system of elastic hard balls. In modern terms, this 
means that the system of N identical hard balls of small radius 
on the n-torus is ergodic for any N ≥ 2 and n ≥ 2. Sinai studied 
the system with N = n = 2, in which two discs of equal mass 
move on the 2-torus. He showed that this system can be reduced 

to the celebrated Sinai billiards or dispersing billiards, in which 
the motion of a point particle moves on a torus and bounces 
off a fixed circular scatterer. He then proved that such billiards 
are chaotic in the sense of being hyperbolic and ergodic. A hy-
perbolic system exhibits sensitivity with respect to the initial 
conditions in the sense that trajectories starting arbitrarily close 
to each other diverge exponentially.

Many other classes of planar chaotic billiards have been found 
by Bunimovich, Wojtkowski, Markarian, Donnay, and others. 
All of these classes have been proved to be hyperbolic, and sev-
eral of them have been shown to be ergodic and to have other 
important properties related to ergodicity such as mixing and 
Bernoulli. Higher dimensional chaotic billiards have also been 
studied, including the related physical model of a Lorentz gas. 
This is a model of a completely ionized gas in which the ions  
are assumed to be stationary and interactions between the elec-
trons are neglected. The strong ergodic property of this system 
was established in a series of fundamental works during the last 
20 years.

While ergodic properties of physical systems are important, in 
applications to the physical sciences other properties, including 
statistical properties, are considered more fundamental. While 
the ergodic and mixing properties discussed earlier in this ar-
ticle characterize chaos in measure-theoretic terms, statistical 
properties express a close similarity between processes driven by 
the dynamical system and sequences of independent, identically 
distributed random variables. In order to explain this connec-
tion, let M denote the collection of all inward-pointing unit 
vectors based at the boundary of the billiard table. As shown in 
Figure 1, the billiard map F takes a post-collision vector x in M 
to the next post-collision vector Fx in M. Let f be a real-valued 
function on M, known as an observable, and let µ be a suitable 
measure on M that is invariant under F. In some cases µ can be 
taken to be Lebesgue measure, which assigns to a subset of M its 
area. We consider the sequence of random variables {X

n
, n = 1, 

2, …} obtained by composing f with Fn. Under suitable assump-
tions many results of classical probability theory can be carried 
over to the sequence of partial sums S

n
 = X

1
 + … + X

n
. The first 

question concerns the strong law of large numbers — in this 
setting known as the Birkhoff Ergodic Theorem — which gives 
conditions guaranteeing that  S

n
/n converges to the expectation 

of f with respect to µ almost surely as n goes to infinity.

figure 1. a chaotic billiard table showing the billiard map F
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Additional probability laws that give important information 
about the asymptotic behavior of stochastic processes include 
the central limit theorem, the law of the iterated logarithm, the 
weak invariance principle, and the almost sure invariance prin-
ciple. These laws are established in classical probability theory 
for independent, identically distributed random variables and 
have been extended to various classes of weakly independent 
stationary processes in advanced studies. Because the random 
variables {X

n
} resulting from a dynamical system are stationary 

but usually not independent, other tools are needed to derive 
their asymptotic properties. The dependence between such de-
pendent random variables is characterized by their covariance or 
the related correlation functions. For systems with strong cha-
otic properties such as mixing or Bernoulli, these random vari-
ables are asymptotic independent, and the correlation function 
converges to zero as n increases to infinity. Moreover, fast decay 
of correlations can lead to further important inference about the 
system. For example, it can be helpful in deriving convergence 
to Brownian motion of some interesting physical processes, such 
as the periodic finite-horizon Lorentz process.

On the other hand, many hyperbolic, ergodic, and Bernoulli 
systems have slow mixing rates, which result in different types of 
statistical properties. In an ongoing research project with Ph.D. 
student Luke Mohr, I investigate the asymptotic theory of sev-
eral billiard systems whose correlations decay slowly depending 
on the character of a so-called trap in the dynamics. These sys-
tems include the Lorentz gas with flat points and skewed stadia 
(see Figure 2). In each case the correlations decay as O(nb) for 
certain b > 0, which depends on the character of the traps in the 
dynamics.

Since these systems exhibit slow decay rates of correlations, even 
the central limit theorem may fail. Such systems are intermittent 
in the sense that they undergo a delicate transition from regular 
behavior to chaos. As shown by the example of such systems, 
sharp estimates on correlations are crucial in applications to the 
physical sciences. For this reason, systems with slow decay of 
correlations have attracted the attention of mathematical physi-
cists during the past 20 years, serving as an inspiration to inves-
tigate this research topic. 

Other difficulties arise in the analysis of singular systems such as 
billiards, for which it is not an easy task to study statistical prop-
erties such as the decay rates of correlations. A key reason is that 
singularities in dynamical systems lead to unpleasant fragmenta-
tions in phase space. More precisely, any unstable manifold is 
expanded locally, but the singularities might cut the image into 
many pieces, some of them have size much smaller than the 
original ones. The main tool we use is to estimate the distribu-
tion of the return time function and the related stable law for 
random variables with unbounded variance.

Although dispersing billiards are the most extensively studied 
class, focusing billiards are also important, where the billiard 
table is bounded by a closed, piecewise smooth, convex curve. 
The only type of focusing billiards that have been proven to be 
ergodic is the Bunimovich-type billiards (including stadia and 
skewed stadia), which satisfy a condition known as the defocus-
ing mechanism. In a recent simulation, we discovered a family 
of new convex billiards that do not satisfy the defocusing mech-
anism, but are ergodic. Although we obtained numerical results, 
the highly nontrivial rigorous proof leads to a brand new mecha-
nism determining the chaotic behavior of convex billiards.  

In summary, billiards are interesting dy-
namical systems that capture all of the 
complexity of Hamiltonian systems, 
from integrability to chaotic motion, 
without the difficulty of integrating the 
equations of motion. Since most of the 
problems related to billiards are moti-
vated by physics, we believe that their 
solution will give greater insight into the 
behavior of more complicated systems 
studied in statistical physics.

figure 2. Billiards with slow mixing rates: Bunimovich billiards, Lorentz gas on a  
rectangle, skewed stadia
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our DEPartmEnt’S tEaCHEr-EDuCation miSSion:  
a PErSonaL ViEwPoint

by Farshid Hajir

I recently looked at a list of teachers in a nearby elementary school, which also listed the in-
stitutions where the teachers had obtained their degrees. More than eighty percent of them 
studied at UMass Amherst at either the Bachelor’s or the Master’s level, many of them at both 
levels. I am quite sure that one would find a similar result for nearly all secondary schools in 
Western Massachusetts. Starting in preschool, every child in our public schools spends many 
hours receiving instruction on mathematics. I’m convinced that the effectiveness of those 
hours of instruction and the ultimate success that each child has in learning mathematics has 
more to do with the quality of the skills, energy, and knowledge of his or her teachers than 
with any other single factor. What can we members of the Department of Mathematics and 
Statistics do to increase the quality of the skills, energy, and knowledge of the teachers who 
take our courses? We are all familiar with the wish that our undergraduates arrive in college 
with stronger backgrounds in mathematics. However, as researchers in mathematics and sta-
tistics who are also charged with the education of our undergraduate and graduate students, 
we are not as cognizant of our roles in the effectiveness of instruction in preK-12 mathematics 
classrooms as we ought to be. The confluence of a number of recent developments makes this 
a particularly good time to reflect on our teacher-education mission.

A growing body of research — most notably by Deborah Ball, Hyman Bass, and Heather Hill 
— is providing data on the size of the positive effect that high levels of teacher knowledge of 
mathematical content has on student achievement. This research has helped put a national fo-
cus on the importance of mathematics content courses for teacher-education programs. These 
programs have a natural dividing line: the mathematics training of elementary teachers differs 
from that of secondary teachers in that the former are generalists but the latter are specialists. 
Secondary teachers typically major in mathematics, and we have a major track dedicated to 
training them. 

One of the ways I hope that we can enhance our program of teacher education is to give 
some thought to the most appropriate curriculum for our students in the teaching track. 
This includes offering a type of Capstone Course each year that is dedicated to synthesizing 
and assimilating the knowledge gained in courses such as Math 411, Stat 515, and Math 
461/462 for the purpose of explaining how concepts from those courses relate specifically to 
the high school curriculum. For elementary teachers the State’s Department of Elementary 
and Secondary Education has recommended since 2007 that prospective teachers be required 
to take 9–12 credit hours of mathematics content courses specifically addressing the elemen-
tary mathematics curriculum in the areas of numbers and operations, functions and algebra, 
geometry and measurement, and statistics and probability. 

For a number of years, our department has offered two courses spanning these four topics. We 
are currently involved in a project with the other campuses in the UMass system for expanding 
this to a set of three courses in a uniform manner, so that students can transfer credits easily 
from one campus to another. In revamping the courses, we are planning to incorporate cur-
ricular materials and pedagogical methods developed by the Ball/Bass group at the University 
of Michigan, which I have begun piloting in a course I taught this past spring for in-service 
teachers from local elementary and middle schools. continued on page 16

in april 2011 Professor farshid Hajir received the university’s Distinguished 
teaching award. the award and farshid’s teaching philosophy are  
described by murray Eisenberg in an article appearing in this newsletter.
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Professor Farshid Hajir is a recipient of the university’s 2011 Dis-
tinguished Teaching Award (DTA), the highest honor given on 
campus for excellence in teaching. One of three tenure-system fac-
ulty winners this year, Farshid joins the ranks of extraordinary fac-
ulty who have received the award since it was instituted in 1962. 
Those ranks include from our department the late Clair Naylor, 
who won the award in 1973.

At an April 29 Faculty Honors dinner, Farshid was presented 
with a plaque acknowledging the honor. 
The award carries a monetary prize and 
recognition at the May Undergraduate and 
Graduate Commencement ceremonies. 
And Farshid’s name will be added to the list 
of previous winners that is inscribed on a 
permanent display on the concourse wall of 
the Murray D. Lincoln Campus Center.

Students play a key role in selecting DTA 
recipients: only current students and alum-
ni may make nominations. A committee of 

Provost James V. Staros, Professor farshid 
Hajir, and Chancellor robert C. Holub

rEmEmBranCE of DaViD HayES by Gove Effinger

David Hayes joined the Department of mathematics and Sta-
tistics at umass amherst in 1967 and retired in 2002. He was 
Department Head during the period 1991–1994. David was a 
number theorist, specializing in the arithmetic of polynomials 
over finite fields in his earlier years and class field theory in his 
later years. David died on april 10, 2011. in this article his former 
Ph.D. student, Gove Effinger, recalls his interactions with David, 
which resulted in a 1991 research monograph. Gove is currently 
the Chair of the Department of mathematics and Computer Sci-
ence at Skidmore College.

i met David on the jogging track at umass amherst. it was the 
summer of 1978, and i was a graduate student who had passed 
my qualifying exams and was looking for a thesis topic and an 
advisor. David and i started chatting about math. i was immedi-
ately fascinated by what he was saying as we jogged in circles: 
first, that there are very close analogies between the numbers 
and polynomials over finite fields and second, that he had some 
projects in mind having to do with certain additive problems, in 
particular, the three-primes problem. i was immediately hooked. 

as our work together began, i became aware that David had 
begun to lose some interest in the analogies between num-
bers and polynomials, his research having shifted toward class 
field theory. However, he did have some unfinished ideas about 
polynomials which he thought i might be able to clean up and 
expand on. Specifically, he had earlier decided that he was un-
happy with his 1966 paper on the three-prime problem both in 
the statement of the result and in the method of analysis. as 
a result, he had reworked the differently stated problem using 
adelic analysis until he was sure that it was okay, but then he 
just set that project aside. at one of our first meetings i clearly 

remember him handing me a thick folder of work, done in his 
always careful hand, and explaining to me how i might be able 
both to tighten it up and also to examine its error terms care-
fully in order to get specific numerical information about the 
analysis. So that’s what i set out to do, always supported by his 
considerable help. 

By 1981 my dissertation was done. for the next few years Da-
vid concentrated on other math projects, and i concentrated on 
teaching at Bates and then at Skidmore and on raising twins. in 
1991 David and i had completed and published the monograph 
titled Additive Number Theory of Polynomials over a Finite Field 
(oxford). we also announced in the Bulletin of the American 
Mathematical Society that the three-primes problem for poly-
nomials was completely solved. that period was easily the most 
exciting time of my mathematical life, and i owe it all to David. 
He was always patient with me, being hard-working but not 
nearly as talented as he, and he gave me room to maneuver on 
my own. However, whenever i needed help, David was always 
there. i believe that he was close to perfect as a mentor and 
collaborator.

after 1991 we no longer worked together as i continued in the 
realm of additive number theory and analogies between num-
bers and polynomials while David ventured fully into class field 
theory. we did stay in touch via email and holiday cards, and 
we managed to see each other somewhat regularly until he 
stopped going to the joint meetings a few years ago. His pass-
ing leaves another hole in me not totally unlike the hole left by 
the passing of my parents. He was a wonderful man, and i shall 
miss him and shall always honor his memory.

undergraduate and graduate students, joined by faculty, review 
teaching evaluations and letters of recommendation in order to 
select the winners.

Farshid is passionate about his teaching, and his students enthu-
siastically appreciate his efforts. As we reported in the 2006 issue 
of this Newsletter, when Farshid won the Outstanding Teaching 
Award from the College of Natural Sciences and Mathematics (as 
our college was then known), students described him as “awe-

some,” “great,” “fabulous,” and “amazing.” 
No wonder that Farshid continues to garner 
some of the very highest course evaluation 
ratings in our department, across a wide 
range of courses large and small, from be-
ginning undergraduate to advanced gradu-
ate.

Asked about what most influenced his 
teaching, aside from the role models provid-
ed by his own teachers, Farshid particularly 

ProfESSor farSHiD HaJir rECEiVES DiStinGuiSHED tEaCHinG awarD by Murray Eisenberg

continued on page 8
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Krista J. Gile received her Ph.D. in statistics from the uni-
versity of washington in 2008. after a two-year posi-
tion at the university of oxford as a Postdoctoral Prize 
research fellow, she joined our department in the fall of 
2010 as part of an initiative in computational social sci-
ence. Krista’s research focuses on developing statistical 
methodology for social and behavioral science research, 
particularly related to making inference from partially ob-
served social network structures.

ComPutationaL SoCiaL SCiEnCE

by Krista J. Gile
How would you estimate the prevalence of HIV among injecting drug users in Boston? You 
could take a survey: find a random sample of 500 injecting drug users and test them for HIV. 
But how do you take a random sample of injecting drug users? 
Unfortunately, it’s nearly impossible. What if we tried to find any 
sample of injecting drug users? If I were a researcher or public 
health official, then I’d probably know a few of them. I could sim-
ply ask them about their friends, then ask the friends about their 
friends, then ask their friends …, etc.

This second procedure is known as link-tracing network sampling, 
sometimes called snowball sampling, and it is a major focus of my 
research. The advantage is that such sampling is often possible in 
populations where traditional sampling is not. The bad news is 
that valid statistical inference typically requires great care or very 
strong assumptions. Here are a few of the statistical challenges:

(1)  Non-random sampling. The initial sample is chosen based on 
who the researcher knows, and the entire sample is then de-
rived from this initial non-random sample. This is exactly the 
opposite of the kinds of objective probability samples required 
by most standard statistical tools.

(2)  Unknown population size. A proper probability sample must start with a sampling frame 
— a list of names, a list of possible phone numbers, a map of residences — so that the 
probability of selecting each unit can be computed exactly. Such a sampling frame does not 
exist in a link-tracing sample in an unknown population. 

(3)  Sampling probabilities depend on network structure. If I only have one friend, I’m much 
less likely to be sampled than my cousin with 20 friends.

In our analyses we have to adjust for all of these features.

The problem of estimating the prevalence of HIV is an example of a problem of interest in the 
growing field of computational social science. In the age of the internet, Facebook, and increas-
ing evidence of the importance of our friends for our health, happiness, and well-being, new 
statistical and computational tools are revolutionizing social science research and public policy. 
New data structures can include relational data, such as network data, as well as very large data-
sets obtained from internet providers such as Google and Facebook or mined from the internet. 

I am a statistician. I joined the department in the fall of 2010 as part of an initiative  at UMass 
Amherst in Computational Social Science. The initiative involved faculty hires in Political Sci-
ence, Sociology, and Computer Science as well as in Mathematics and Statistics, and it brings 
together researchers from across these and other UMass Amherst departments. This year is the 
first year of the initiative. Cluster members have begun learning from each other and have cre-
ated a seminar series involving talks from leading cross-disciplinary researchers from universi-
ties across the country as well as from The New York Times and Yahoo! Research. The talks will 
continue next year, over lunch (provided) on Fridays, and are accessible to cross-disciplinary 
audiences. We are excited about building UMass Amherst into a national center for excellence 
in computational social science. For more information, see http://www.cssi.umass.edu/.
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This is a story of how the Ph.D. thesis of my student Dmitriy Ru-
mynin turned out to have ramifications in several fields of math-
ematics, building bridges connecting representation theory, geom-
etry, partial differential equations, topology, and modern physics. 
The subject seems exotic. One fixes an integer p and considers the 
world of characteristic p in which all calculations are done modulo 
this integer p. Standard examples of this kind of thinking is that the 
hours of the day are counted modulo 24 or modulo 12 and that ev-
erything computers do is based on calculations modulo 2. Because 
the most useful choice is when p is taken to be a prime number 
such as 2, 3, 5, 7, 11, 13, 19, etc., in this article p will always mean 
a fixed prime number.

Calculations modulo a given integer p are a powerful method in 
usual mathematics even in  problems whose formulation does not 
mention any particular integer p. Applying the characteristic p 
methods to progressively more subtle problems of our world has 
necessitated a deep understanding of the characteristic p world. 
In fact, much of standard mathematics has been adapted to this 
realm. For example, it is now well known that in the characteristic 
p setting interesting geometric objects arise that one can study us-
ing calculus.

However, there are also differences. Most obviously, in character-
istic p some concepts seem to collapse such as the notion of size. 
The point is that if a very large number happens to be a multiple 
of p, then considered modulo p it equals to zero. Another example 
is the useful calculus principle that if the derivative of a function 
f(x) equals zero for all x, then f(x) equals a constant. What happens 
in characteristic p is that the derivative of f(x) equals zero whenever 
f(x) equals the pth power of another function g(x), i.e., f(x) = g(x)p.

One can view these phenomena as accidents where each time a 
multiple of p appears it gets reduced to zero. The first impression 
is that the accumulation of accidents in a given computation leads 
to random results that destroy all the beauty of the subject. In fact, 
I myself thought that attempts to develop the characteristic p ver-
sion of my own field of representation theory were doomed. This 
opinion changed only when, upon joining UMass Amherst, I had 
the opportunity to learn from Jim Humphreys, a world expert on 
the subject. He revealed to me that in fact characteristic p has a 
high degree of organization and beauty, which are just different 
from what we are accustomed to. For instance, the characteristic 
p modification of calculus mentioned in the preceding paragraph 
actually produces new and extremely useful geometric objects.

rEPrESEntation tHEory mEEtS GEomEtry: 
Proof of tHE LuSztiG ConJECturES

by Ivan Mirkovic
Professor ivan mirkovic is an expert of international renown in the field of geometric representation theory. this article 
concerns his recent research contribution to the solution of one of the most important problems in modern representa-
tion theory.

After I agreed to be Dmitriy’s advisor, I spent one year at the Insti-
tute for Advanced Study in Princeton. In my absence, which turns 
out to have been most fortunate for the future of my subject, Jim 
taught Dmitriy representation theory in characteristic p. While 
representation theory had always been considered to be an integral 
part of algebra, Jim suggested, based on much numerical evidence, 
that a key to making further advances should lie in the geometry of 
so-called Springer fibers. He proposed a thesis problem to Dmitriy 
that involved making this new connection.

Our initial successes were based on abstract geometric methods 
known as infinitesimal groupoids. Only in the second year did we 
understand that the correct language for the new kind of thinking 
was a version of the theory of linear partial differential equations 
involving so-called D-modules. Our study of representation theory 
in characteristic p progressed nicely, leading us to discover that if 
one correctly formulates the theory of D-modules in characteristic 
p, then it acquires some unexpected and beautiful properties that 
we could only regard as miraculous.

These properties are best described in terms of the passage from 
classical mechanics to quantum mechanics, which is necessary in 
order to understand microscopic objects such as elementary par-
ticles. In terms of experimental verification, quantum mechanics is 
the most precise science known to humanity, but at the same time 
it is so deep that literally no one completely understands why it 
works. The miracle we found in formulating the theory of D-mod-
ules in characteristic p is that in this setting quantum mechanical 
objects become unexpectedly close to the corresponding classical 
objects. Surprisingly, this allowed us to study a number of quantum 
mechanical problems using methods of classical mathematics.

At this point Roman Bezrukavnikov of MIT joined our project. 
With his addition our group acquired new energy and deep in-
sight and was transformed into the mathematical analogue of a fire-
breathing dragon. Our first paper was published in Annals of Math-
ematics, which is considered to be the best mathematics journal in 
the world. In the third paper we solved the key problem in the sub-
ject, which is the proof of Lusztig’s detailed predictions concerning 
the numerical structure of representation theory in characteristic p. 
These predictions are known as the Lusztig conjectures. 

The subject is deep, and our work does not close it. For fairly small 
primes there is not even a guess on what is happening, and even for 
the primes for which Lusztig’s predictions are expected to hold, our 

continued on page 17
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cites the constructive criticism he received from now-Emeritus Professor Arthur Mattuck of MIT, who 
supervised beginning teaching assistants. Mattuck, he says, had a good eye for detecting what a novice 
teacher was doing wrong and challenged him at times to hold back from sharing his own view of the mate-
rial so as to allow students to come to their own understanding. Farshid, in turn, has helped initiate our 
department’s own new TAs by presenting a hilarious model mini-lecture in which he deliberately commits 
the typical mistakes a beginner might make!

In the 2006 Newsletter article, we described how Farshid makes his classroom such a comfortable place to 
learn by various techniques, which include sharing what he refers to as his “goofy sense of humor.” Asked 
how his approach to teaching has evolved since then, Farshid believes he pays even more attention now 
to mediating the sometimes competing demands of syllabus content and student learning — “not merely 
covering, but helping to uncover the material,” as he puts it. Moreover, he thinks he now more carefully 
tries to diagnose what students do not understand by listening, for example, to conversations among them 
in class as they work in groups to solve a problem.

For some years Farshid has been involved with K-12 math education, working with groups in the School 
of Education at UMass Amherst and, more recently, being engaged in public activities. At present he chairs 
the School Committee of the Town of Leverett, where he lives. In 2009–2010 he also chaired the Amherst-
Pelham Regional School Committee, which oversees the secondary schools for the towns of Amherst, 
Pelham, Leverett, and Shutesbury. In that position, he had to contend with budgetary and administrative 
personnel crises that beset the schools.

Another manifestation of Farshid’s strong interest in school mathematics education has been his past 
teaching of our standard two-semester sequence for pre-service K-8 teachers. In recent years, mathemati-
cians and educators have come to realize not only that two semesters are insufficient, but also that the 
traditional mathematical content for teacher preparation does not align well with what teachers actually 
need to understand about mathematics. Accordingly, Farshid has become involved in a multi-campus 
project to revamp the mathematical preparation of K-8 teachers. The past semester he taught Math 597T, 
“Mathematics Knowledge for Teaching I,” off-campus to a group of in-service teachers, including several 
math coaches from local schools.

Math 597T is a pilot run of the first course of a proposed three-semester sequence, the sort of preparation 
that Massachusetts wants all prospective K-8 teachers to have. While the teacher-preparation curriculum 
for Massachusetts is being developed by mathematicians and educators at the Amherst, Boston, Dart-
mouth, and Lowell UMass campuses, the purpose of the particular pilot course here, Farshid explains, is 
to see how to teach the material in a more interactive way.

The target school curriculum for which Farshid and his colleagues elsewhere want to better prepare teach-
ers is based upon the Common Core State Standards Initiative, now endorsed by more than forty states 
including Massachusetts. Elsewhere in this Newsletter, Farshid himself writes about the Common Core 
K-12 math subject matter—the “Standards for Mathematical Content” — and the accompanying ways 
that learners of mathematics should engage with the subject matter — the “Standards for Mathematical 
Practice.”

One reason that Farshid regards the teacher preparation effort in which he is involved to be so important, 
and greater funding for it to be so essential, is that “today’s kids will be tomorrow’s university students.” If 
students don’t learn math well enough in school, from teachers who have a sufficiently broad and deep un-
derstanding of math themselves, then those students will be unable to cope later with college-level math, 
science, and engineering work.

While Farshid’s mathematical knowledge and broad teaching experience at the university level have in-
formed how he prepares K-8 teachers, his interactions with those teachers has, reciprocally, affected his 
approach to other courses. K-8 teachers, he explains, routinely expect to do group work in class and not 
just receive “direct instruction,” and they are accustomed to differentiating instruction according to their 
students’ abilities and needs. Farshid tries to does similar things in our math major offerings, for example, 

teaching award continued from page 5
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Gary Engle continued from page 1

As an example, Engle described his group’s experience with 
turning around three hospitals in southern California, which 
together were losing $11 million yearly. “Although these facili-
ties were losing money, we got a great deal with a lot of assets, 
and since it costs $1 million a bed to build a new hospital in 
that part of the country, we had great replacement cost.” 

But of course the plan wasn’t to liquidate all these assets, so 
how did Engle and his team make the hospitals profitable? 
He describes it step by step (and makes it sound almost easy).

“First, we bought out all the medical equipment and then 
leased it back. This protected our capital.

“Second, we had to shut down one hospital, since two were 
too close together. This took some explaining to the commu-
nity, but we showed how we could improve services by enlarg-
ing the ER at the one that survived. This took us from losses 
of $11 million to $5 million per year, and got us a 20 acre 
parcel of prime real estate to sell.

“Third, we dealt with losses due to fee-collection failures by 
reforming the processes. This brought us to the break-even 
point, and allowed us to sell the second (fixed) hospital for a 
profit. 

“Finally, we were left with a hospital in a great location. We 
refocused its mission to orthopedics and other specialties, and 

in Math 300, the introduction to rigor and proof required of all math majors. In that course he incorpo-
rates in-class group work and tries to keep all students engaged, among other ways, by posing optional, 
more challenging problems for them to solve.

During the past semester Farshid also directed an advanced Commonwealth Honors College seminar 
titled “Epistlary Vignettes in Mathematics.” In this seminar, students read the correspondence among 
17th-century through 19th-century mathematicians, using the content and form of the letters to gain 
insight into the mathematical culture and wider intellectual milieu of those eras. As an example, Farshid 
offered the case of Fermat and Pascal engaged in analyzing the probabilities involved in “dividing the 
stakes” from an aborted gambling game; in effect, they were trying to predict the future — a radical thing 
to do. Such correspondence provides a rare opportunity for students to see mathematics “in the raw” as 
it was being developed. Farshid reports that students were amazed at how quickly, in those pre-electronic 
times, letters were delivered, read, and answered; were intrigued by how ostensibly polite yet sometimes 
contentious the exchanges could be; and were surprised at how things so obvious to us today often gave 
mathematicians such trouble then.

Teaching that undergraduate honors seminar has even impinged upon the graduate complex analysis 
course that Farshid taught during the spring semester of 2011. From his readings in Cauchy’s letters, he 
was able to relate to the graduate students Cauchy’s love for the idea of contour integration.

We congratulate Farshid Hajir upon the Distinguished Teaching Award, the latest recognition of his excel-
lence in teaching and his significant broader contributions to mathematical education.

brought it to high profitability. The whole process, from start 
to finish, was great fun, and to me was problem solving at its 
best.”

When asked about UMass Amherst, and how it affected him 
and his development, Engle is enthusiastic. “It was a turbulent 
time when I was at school. Vietnam was on everyone’s mind, 
and a lot of what we take for granted today was percolating 
on campus: political activism, feminism, environmentalism.” 
He fondly remembers a class from a young economics profes-
sor that was ostensibly about monetary policy. “The professor 
came in the first day and said, we’re not going to do monetary 
policy. He tossed that out and instead we read books on Zen 
Buddhism. It turned into a reading course on all the incipi-
ent events of the time. UMass Amherst was eye-opening and 
broadened my horizons.”

Gary D. Engle was born in Lawrence, Massachusetts, and 
grew up in Quincy and Hingham, Massachusetts. He gradu-
ated from UMass Amherst in 1971 and earned an MBA from 
Harvard University in 1976. Today he is the CEO of Hera 
East Holdings LLC, a private investment company. Before 
that he was President and CEO of Equis Financial group from 
1994 until 2005. He serves on the boards of several compa-
nies in which he and his affiliates have invested. He lives in 
New Canaan, Connecticut, and has residences in New York 
and California.
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LaSt yEar’S CHaLLEnGE ProBLEmS

To ramp up our faithful readers’ experience, we gave three different challenge problems last year. 
The first problem concerned expansions of numbers both in positive bases and in negative bases, 
which are much less familiar. For instance,                                                      ,  so in base –2 we 
can write 3

–2 
= 111. In general, a base b is a nonzero integer satisfying                .  A number in base 

b is a finite sequence of digits, each of which is a nonnegative integer less than      .

Problem 1.
a)  Find the representation of –143 in base –2.   
b)  Show that 10201 is composite in every base other than the bases 2 and –2. 
  (Recall that an integer N is composite if it can be factored as N = ab, where neither factor 
  is       ).
c)  Show that 10101 is composite in every base.

To do 1a) we can compute a few powers and see what happens:
                                                             . . . .
You can see that even powers are positive and odd powers are negative. Since our number –143 
is negative, let’s try to use some odd powers. We have (–2)7 + (–2)5 = –160, which overshoots 
just enough. The difference is 17, which luckily has a binary representation with even exponents:  
17 = 24 + 20. Thus –143 = (–2)7 + (–2)5 + (–2)4 + (–2)0, and so (–143)

–2
 = 10110001.

 
For 1b) and 1c), the key insight is that a statement about a number that’s supposed to hold in 
any base is really a statement about polynomials, where the variable is the base b. Thus in 1b) 
10201

b
 equals the polynomial b4 + 2b2 + 1. Certainly b4 + 2b2 + 1 = (b2 + 1)2, and this gives the 

factorization 10201
b
 = 101

b
 . 101

b
 in any base where these expressions make sense. We must ex-

clude               , which forbids the digit 2. 
 
For 1c) we have to work a bit harder: 10101

b
 = b4 + b2 + 1 = (b2 + b + 1)(b2 – b + 1).

 
This factorization implies that 10101

b
 = 111

b
 . (b – 1)1

b
 when b >0. When b < 0, this still gives 

a factorization, although you can’t detect the base b representation of the number b2 +b + 1 im-
mediately from this polynomial representation. (Try it for b = –5 and you’ll see what I mean.) 
The only detail left is that neither factor should be    1 for any b. It’s easy to see that this is true.

Next we had a calculus problem.

Problem 2. Compute the definite integral

 To solve this, we use the fact that                                    on the interval              , and so after a 
substitution we have  
 

But the sum of these two integrals is 

 

Thus the original integral is half this, or          . Note that this procedure works for any nonnegative 
integral exponent, not just even ones, which I mistakenly claimed in last year’s newsletter. So we 
could have used this problem in 2011 as well!

Finally we had a number theory problem.
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Problem 3. Prove that the product of four consecutive integers is always 1 less than a perfect square. 
For instance, 1 . 2 . 3 . 4 = 24 = 52 – 1. 

Here the trick is to try a few examples so that you can connect the numbers in the product to the 
number being squared. We have 2 . 3 . 4 . 5 + 1 = 112   and  3 . 4 . 5 . 6 + 1 = 192. The middle two 
numbers are the key: their product is 1 more than the number being squared. This leads to the con-
jecture (n – 1)n(n + 1)(n + 2) = (n(n + 1) – 1)2).

Multiplying out both sides gives n4 + 2n3 – n2 –2n + 1, and so the conjecture is correct. Problem 3 
is done.
 
We had many great responses to the problems last year. As usual, the solutions showed many dif-
ferent thought processes and approaches. The two number theory problems in particular seemed to 
function as Rorschach inkblots, with almost as many different ways to think about them as there 
were submissions. We thank the following alumni for writing: Lori McKeough Bohan (MS 00), 
Chuck Burbank (BS 76), Rich Coco (BA 75, MS 78), Karl David (PhD 78), Bob Fisher (PhD 81), 
Pavel Groisman (BS 96), Mark Leeper (BS 72), Ethan Lewis (BS 88), John Parisi (BS 71), Earl A. 
Smith (MA 61), Wally Sizer (MA 72), and Jim Tattersall (PhD 65).

nEw CHaLLEnGE ProBLEmS

This year we give even more challenge value and offer no fewer 
than four problems for your pleasure. As usual, these were taken 
from this year’s Henry Jacob Mathematics Competition.

First a calculus problem, since everyone loves integration so much.
 
Problem 1. For  x ≠ 0 let 
 

Prove that f(x) is constant. What is the value of this constant?

Now a little number theory. Unfortunately, participants in the 
competition aren’t allowed to use calculators, computers, or fancy 
telephones that double as calculators or computers, so to play fair 
you have to answer this only with paper and pencil.

Problem 2. One of the following numbers is a perfect square 
and the others aren’t. Which is the perfect square? Justify your 
answer.
a)  176854927  d)  322214835
b)  262083721  e)  761823600
c)  296837263

Next a question about a polynomial and its roots. This can be 
done without computing the roots explicitly, so you don’t have 
to do that. On the other hand, if computers are your thing, then 
you can program Newton’s method to predict the answers. But 
beware that your program needs to handle complex numbers.

Problem 3. Suppose that              are the roots of the polyno-
mial x2 –2x –3.
Compute the following:
a)  
b)  
c)  

Finally we offer a problem from algebra. For extra credit, you 
could prove the claim about the quadratic nature of f:

Problem 4. The function 
 

is a quadratic function of n; that is, f(n) = An2 + Bn + C  for some 
constants A, B, and C. Find these constants.
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Let us hear from you! Please send any solutions, comments, or other feedback via email 
to gunnells@math.umass.edu. or you can mail it to Challenge Problems 2011, c/o Paul 
Gunnells, Department of mathematics and Statistics, umass amherst, amherst, ma 
01003. Please don’t forget to include your full name, information about your umass 
amherst degree(s) earned, and any other fun stuff you want to tell us!
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46th. Both rankings are out of 127 doctoral programs rated. Especially given that the reputa-
tional measures are expected to lag behind the real stature of the department, I think it’s fair to 
say that our “true” position is probably somewhere in the low 30s, maybe even slightly higher.

This is a huge jump in 10 years, and it’s an indication of the quality of the wonderful, young 
and not-so-young, faculty we’ve hired. The campus news release described us as being “in a 
leadership position” and as one of the twelve campus programs that “made impressive showings 
in rankings released today by the National Research Council.” Our former department head, 
Don St. Mary, set a goal for the department of being one of the top 10 math departments at 
public universities, and I think these results show that we’re very close to achieving that. These 
are, of course, ratings of doctoral programs and don’t consider undergraduate offerings, but, in 
our department at least, the faculty teaching the undergraduate math majors are the same people 
who are teaching the doctoral students, and they’re certainly doing it with the same dedication 
and effort. So I think that the NRC report is a measure of the strength of the department overall.

There’s been local recognition too. For instance, Professor Farshid Hajir was one of three faculty 
members to receive the campus-wide Distinguished Teaching Award. As you may recall, two of 
our Teaching Assistants have won the award in recent years. However, Farshid is the first fac-
ulty member from Mathematics and Statistics to win the award in almost 40 years. An article 
elsewhere in this newsletter has more information on the award and on Farshid, including his 
involvement in developing a new system-wide course for pre-service teachers, and there’s also an 
article by Farshid on our role in teacher preparation. In addition, Farshid is one of the key UMass 
Amherst participants in a new grant from the National Science Foundation on which I’m the 
lead principal investigator. This grant brings together faculty from colleges and universities with 
teachers and administrators from K-12 school districts to improve the teaching and learning 
of mathematics at all levels. It involves faculty from all the Five Colleges, two community col-
leges, and Westfield State University and staff from seven western Massachusetts school districts, 
ranging from urban ones like Springfield to mostly rural ones like the Mohawk Trail Regional 
schools. As Farshid points out, the quality of K-12 mathematics education has a big impact on 
what we do here at UMass Amherst.

We have one new Assistant Professor this year, Krista Gile. Krista is a statistician who was hired as 
part of a cluster of appointments in computational social science; other hires in the cluster were 
in the computer science, political science, and sociology departments. We have hired five new 
Visiting Assistant Professors who will start in September, replacing VAPs whose appointments 
are ending, and we are in the process of hiring a new Lecturer, but we were not able to do any 
tenure track hiring for next year. 

This year Eugene Wayne from Boston University gave the third annual Distinguished Lecture 
in Applied Mathematics, which was again supported by a generous contribution from Peter and 
Anne Costa in memory of Peter’s Ph.D. advisor, Mel Berger. Our other Distinguished Lecturers 
this year were Benedict Gross from Harvard, Joel Smoller from the University of Michigan, and 
Helmut Höfer from the Institute for Advanced Study.

On a much sadder note, the department has lost two of our emeritus faculty in the last year. Bert 
Schweizer, who was a member of our faculty from 1965 to 1996 and served as acting department 
head in 1970, died late last August. And David Hayes, who was a member of the faculty from 
1967 to 2002 and was Department Head from 1991 to 1994, died in April. A remembrance of 
David by his former Ph.D. student Gove Effinger appears in this issue.

My term as Department Head ends in August, and I will be returning to teaching. I am very 
pleased to be able to turn the position over to Michael Lavine, who will be the first statistician to 
serve as Head. I thank the faculty, staff, and students of the department for their support and for 
their dedication to the department and the campus. There have been a lot of changes here in the 
last three years, but I think the Department is in a very strong position for the future.

Department Head’s message continued from page 1
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Over the course of many years various colleagues have suggested to 
me that I have the Masters students in applied mathematics work on 
improving the efficiency of the Lederle Tower elevators. Certainly 
anybody who rides these four elevators regularly, and hence spends 
time on the ground floor watching their ups and downs, would wish 
for a better scheduling algorithm. But I 
have never succumbed to this appeal. As 
the last phase of their most recent updat-
ing is completed, we are all anxious to see 
whether our beloved elevator system will 
now jump to our beck and call! 

What has this to do with this year’s group 
project in applied math? In fact, the stu-
dents tackled a question of a very similar 
sort, and one that impacts the mobility of 
millions of people nationwide. Namely, 
they modeled the efficiency of airport taxi-
way operations, with the aim of improving 
the scheduling of departing and arriving 
flights at a busy airport. This problem was suggested to me by a for-
mer graduate from our department, Richard Jordan (Ph.D., 1994), 
who is currently working for the MIT Lincoln Laboratories. Rich’s 
group in the Lincoln Lab is under contract from the FAA to up-
date various aspects of airport operations by means of modern au-
tomation. Last summer when Rich told me about these problems, 
I realized that they would make a nice theme for our annual group 
project, which — as regular readers of this newsletter know — forms 
the thesis component of our two-year Masters degree in applied 
mathematics. 

Our approach is through numerical optimization. Suppose that we 
consider a fixed time window — say, 20 minutes — at an airport 
that services hundreds of flights daily. We seek to optimize the or-
dering and time scheduling of departures and arrivals on a given 
set of runways over this time window. It is too computationally de-
manding to do so over the entire day, and hence our restriction to 
a relatively short time window. There are numerous constraints on 
this optimization. For instance, there must be sufficiently long time 
intervals between successive take-offs of departing planes, and these 
separation intervals depend on the size of the planes; a large, heavy 
plane leaves behind it a strong “wake vortex” that can persist for two 
minutes and could seriously disturb a lighter plane. Similarly, if ar-
riving planes must cross the departure runway, then obviously there 
must be a sufficient time delay between the crossing and the next 
take-off on the crossed runway. Apart from these essential safety con-
straints, there are also planning targets — that is, upper and lower 
bounds on the times of take-off of departures and touch-down of 
arrivals — which are inputs in the optimization. 

Given a full set of such constraints, there is a choice of goals: to mini-
mize the total delay time of all the flights scheduled in the time win-
dow or to minimize the longest delay of any of those planes. In our 

computations, we focused on these two objective functions since they 
offer interesting comparisons. The mathematical problem in hand is 
then a mixed integer linear programming problem (MILP). The in-
teger variables are binary (taking values 0 or 1), and they are needed 
to formulate the safety constraints, because these constraints depend 

on the ordering of planes. The real variables 
are just the take-off times of the departures 
and the crossing times of the arrivals. To 
solve the problem so formulated, we turned 
to available software that implements the 
so-called “branch and bound” algorithm, a 
standard way to search efficiently the fea-
sible set of a MILP. 

The students found optimized ordering 
and time sequences for some model air-
ports derived from real hubs in the nation’s 
airline industry. In particular, they focused 
on model architectures designed to mimic 
Dallas/Ft. Worth airport and JFK airport, 

the former as a simpler case and the latter as a case with more complex 
runway crossings. The network layout of the east side of the Dallas/
Ft. Worth airport is shown in the figure. Not only do the computed 
results show what an optimal schedule is, but also they demonstrate 
how such a schedule changes when model parameters are varied. For 
instance, if there is an emergency on an arriving flight that gives it 
priority to land as soon as possible, then the necessary reordering and 
delaying of other flights is calculated. Another result of relevance to 
the current issues of flight scheduling is the difference between mini-
mizing total delay versus longest delay. The results give interesting 
scenarios in which the planned schedule that is optimal for total delay 
(summed over all flights) is substantially modified when the objective 
is changed to longest delay (maximized over all flights). These com-
putations address the policy question: is throughput paramount, or is a 
long delay for a single flight unacceptable? 

In addition, the students created a visualization tool in MATLAB that 
makes movies of the taxiway motions on the airport surface that real-
ize the optimized schedules. These simulations calculate the neces-
sary surface movements to achieve the optimized solution. While to 
a limited extent the students considered potential bottlenecks on the 
tarmac, they did not attempt to micromanage taxiing itself, since that 
would be too complex and probably would not be feasible anyway in 
realistic situations. The presentation on Friday afternoon, April 29, 
finished with movies of a dozen flights either arriving or departing ac-
cording to the optimized schedule and moving from gate to runways, 
or vice versa, in the prototype airports. 

Optimization is a hugely important tool in industrial mathematics, 
and so it was especially gratifying to concentrate on a difficult opti-
mization problem of contemporary interest in this year’s project. The 
students participants were Ray Bai, Adriano Bruno, Melissa Curd, 
Emeka Ihuarulam, Stephanie Jakus, Bo Jiang, Andrew Reiter, Takeshi 
Takahashi, Wenfeng Wang, and Chuan Zeng.

maStErS ProJECt in aPPLiED matHEmatiCS
by Bruce Turkington

figure 1: network layout of the east side 
of the Dfw airport
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Every year, advanced statistics students work on various 
applied statistics projects under the direction of faculty. 
most are m.S. students completing their masters projects, 
with a few undergraduates and Ph.D. students included.

this year, in the fall three undergraduates from mount 
Holyoke College worked together on two ecology proj-
ects. the first was on the topic of soil respiration, which 
studies carbon dioxide emitted to the atmosphere by roots 
and microorganisms living in the soil. Ecologists can mea-
sure soil respiration at a particular time and place, but in 
order to better understand the global carbon budget, they 
want to generalize to other times and places. to general-
ize, they need to know what factors control the carbon 
dioxide flux. the most important controller is temperature 
because it determines the growth and biological activity 
of the roots and microorganisms. our students investigat-
ed the relationship between temperature and flux, using 
both standard regression methods and splines. the stu-
dents presented their work at the annual Harvard forest 
research Symposium in march.

the second project undertaken by the three undergradu-
ates from mount Holyoke College was to estimate the 
density of pitcher plants in bogs. Estimating the density 
was complicated because the ecologists used an unusual 
algorithm to sample plants in order to minimize trampling 
the bog.

maStErS ProJECtS in StatiStiCS by Michael Lavine

in the spring eleven umass amherst students and one 
Smith student worked on six projects. three projects were 
environmental. the first project on dendrochronology, or 
tree rings, investigated how tree cores taken today can tell 
us about forest growth and recruitment in the past. a sec-
ond project used hydrograph data — the amount of water 
flowing in a stream, measured every fifteen minutes over 
a period of several years — to learn about the character-
istics of several small, local watersheds. a third project on 
oceanography looked for climate change in the ocean.

the other three projects involved an interesting variety of 
topics. one of these focused on magnetoencephalography 
(mEG) data from epilepsy patients. mEG is similar to EEG 
but is more detailed, with signals measured on the scalp to 
infer activity in the brain. the students investigated how 
mEG signals change when patients have epileptic seizures. 
another project concerned the history of science fiction, 
using resources in the umass amherst library, which has 
a unique collection of science fiction magazines. our stu-
dents worked with a historian to study how the themes of 
stories in those magazines have changed over the decades. 
in the final project, students collaborated with a transpor-
tation engineer to study factors that influence how drivers 
choose which route to take when commuting to and from 
work and to determine whether information can be pro-
vided to drivers to make the system more efficient.

The William Lowell Putnam Mathematical Competition is the most prestigious mathematical 
contest for undergraduate students in the United States and Canada. A total of 4296 students 
from 546 colleges and universities participated in 2010.

University of Massachusetts in Amherst was represented by 15 students, our largest team by far 
in recent years. Most of these students prepared for the competition for several months by tak-
ing a problem-solving master class Math 291A during the fall semester of 2010. Eight of these 
students scored in double digits: Buruk Aregawi, Jingyu Chen, Nate Harman, John Harper, 
Alex McAvoy, Anthony Perri, Nic Reyes, and Courtney Young.

The best result was achieved by Nate Harman, who was ranked the 31st in the nation and re-
ceived an Honorable Mention.

wiLLiam LowELL Putnam ComPEtition 2010 by Jenia Tevelev
the 2011 Putnam team:  
russell Smith, Jingyu Chen, 
nicholas reyes, Jenia tevelev, 
nate Harmon, Courtney young, 
John Harper, yifeng wu.

Photo by Kimberly abruzzo
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Both Elizabeth Drellich and Jennifer Koonz received the Residential First Year Experience 
Student Choice Award. First-year students nominate for this award a professor or an instruc-
tor who had a profound influence on them during their first semester. To quote the official 
award letters: “Nominations were made for a variety of reasons, including: inspiring students 
to learn, hosting interesting and motivating lectures, going above and beyond to help first-year 
students, helping students adjust students to learn, hosting interesting and motivating lectures, 
going above and beyond to help first-year students, helping students adjust to college, chal-
lenging students to reach their full potential, and much more.”
   

Chris Hoogeboom co-authored a paper with G. Theocharis and P. Kevrekidis titled “Discrete 
Breathers at the Interface between a Diatomic and a Monoatomic Granular Chain”; the paper 
was published in Phys. Rev. E. Chris also presented the results of this paper in a poster session 
at the CMMI conference held January 4–9, 2011 in Atlanta, GA.
   

Jason McGibbon gave a talk at the Special Session on Topology and Symplectic Geometry 
at the FRG Workshop at SUNY Stony Brook in August 2010 (or 2011?), at the Geometry 
Topology Seminar at Georgia Institute of Technology in September 2010, and at the AMS 
Western Sectional Meeting in October 2010.
   

The following students are expected to receive their Ph.D. degrees in mathematics this year: 
Patrick Boland, Geng Chen, Jacob Gagnon, and Chenyu Wang.
   

GraDuatE ProGram nEwS  by Siman Wong

Adam Gamzon gave a talk at the University of Connecticut Algebra Seminar in April 2011 titled 
“Local Torsion on Abelian Surfaces.” He also attended the Instructional RTG/FRG workshop on 
Arithmetic Geometry at UCLA in June 2010 (or 2011?) and the Iwasawa 2010 meeting at the 
University of Toronto in July 2010. Together with Jeffrey Hatley, he attended the Arizona Winter 
School on Stark-Heegner points in March 2011.

Jennifer Koonz will attend the summer graduate workshop on Cluster Algebras and Cluster 
Combinatorics at MSRI in August 2011. Domenico Aiello, Holley Friedlander, Jennifer 
Koonz, and Stephen Oloo attended the AGNES conferences, and Domenico Aiello attended 
the AMS Sectional meeting in Worcester, MA in April 2011.

Aaron Wolbach was nominated for the university-wide Distinguished Teaching Award. 

The following students are expected to receive an M.S. degree this year: Melissa Curd, Stepha-
nie Jakus, Wenfeng Wang, and Chuan Zeng in applied mathematics; Domenico Aiello, Heng 
Chen, Elizabeth Drellich, Alden Gassert, Jeffrey Hatley, Anna Kazanova, Jennifer Koonz, 
Stephen Oloo, Bo Wang, and Tobias Wilson in mathematics (all of whom are in the mathemat-
ics Ph.D. program); Adrian Esparza, Jacob Knoll, Limin Song, Zhiyi Sun, Christopher Thoms 
(who is in the statistics Ph.D. program), Hao Wang, Jin Wu, and Tianyu Yang in statistics. 
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From the broader perspective of Western Massachusetts, a host of local higher education as 
well as K-12 institutions have just begun a two-year project called the Western Massachu-
setts Mathematics Partnership, funded by a Mathematical Sciences Partnership (MSP) grant 
from the National Science Foundation. The aim of the project is to develop programs and 
ideas for a full MSP 5-year project funded at somewhere between 1 to 2 million dollars per 
year. George Avrunin is the lead Principal Investigator for the project, which has a teacher-
education component for improving the pipeline of highly trained teachers in Western Mas-
sachusetts.

From an even broader, national perspective, most states in the U.S. have by now adopted the 
Common Core State Standards (CCSS). Earlier this year, Massachusetts adopted the 2011 
Frameworks, which incorporate the CCSS document and have some added standards, most 
notably in preschool. I believe that the success of the CCSS project, whether one believes 
that it needs improvement or not, presents an unprecedented opportunity for mathemati-
cians. For one thing, there is now at least theoretical agreement on what material teachers 
should teach preK-12, so teacher education programs can focus on exactly what material a 
teacher needs to know. Secondly, and more importantly, the Common Core State Standards 
in mathematics are founded on a set of eight Standards of Mathematics Practice which I be-
lieve resonate with mathematicians. They are the following: 1) make sense of problems and 
persevere in solving them; 2) reason abstractly and quantitatively; 3) construct viable argu-
ments and critique the reasoning of others; 4) model with mathematics; 5) use appropriate 
tools strategically; 6) attend to precision; 7) look for and make use of structure; 8) look for 
and express regularity in repeated reasoning.  

One of the big challenges in elementary education is that for a number of years the available 
textbooks, not to mention the laws of Massachusetts, have required the teaching of “math-
ematics for understanding” beyond mere facility with algorithms and computational fluency. 
There has been little systematic financial or educational support, however, for teachers to be 
taught this “mathematics for understanding.” It is as if the teachers were taught to drive a car 
and have been teaching their students how to drive a car for a number of years, but suddenly 
find that they must now teach not only the mechanics of driving, but also how the car’s en-
gine works, and they must invite students to discover for themselves, in fact, how the engine 
works. The eight standards of practice, which give coherence and unity to the mathematics 
CCSS document, begin to flesh out what it means to teach “mathematics for understand-
ing.” Our job as mathematicians who practice these standards daily and understand what 
they mean from the inside is twofold. Not only should we provide the mathematics content 
to future teachers — and possibly to current teachers too through professional development 
— but also we should incorporate these very practices in our own undergraduate classes so 
that we model ideal mathematics teaching and learning.

Massachusetts continues to be the leader in K-12 public education in the U.S. It is time for 
the flagship of the public university system in Massachusetts to aspire to a higher leadership 
position nationwide in teacher education.

our Department’s teacher-Education mission continued from page 4
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At the last tea of the year the department handed out awards 
to three graduate students. The Distinguished Teaching 
Award, now in its second year, was awarded to David Re-
sendes, and the Distinguished Thesis Award, in its inaugu-
ral year, was given to two students, Geng Chen and Jason 
McGibbon.

David Resendes is graduating this year, having completed 
his Ph.D. dissertation under the direction of Professor John 
Buonaccorsi. He was nominated for the teaching award by 
Joanna Jeneralczuk. In her nomination Joanna writes that 
David has been an excellent teaching assistant in Stat 240, 
that he has a passion for teaching, and that the students 
adore him. She writes, “I have never seen anyone like David 
before. He really deserves this award.” Joanna’s strong nomi-
nation was backed up by the excellent teaching evaluations 
that David has received from the students in his courses. 
This year David was also nominated for the campus-wide 
teaching award. 

Geng Chen graduated last year, having completed his 
Ph.D. dissertation under the direction of Professor Robin 
Young. He wrote a thesis entitled “Strong Wave Interac-
tions, Exact Solutions and Singularity Formations for the 
Compressible Euler Equations.” In his nominating letter 
Robin writes that Geng worked on three separate problems 
in the field of partial differential equations and that “around 

GraDuatE StuDEnt awarDS by Eric Sommers

the time he was defending his thesis, some of the commit-
tee members joked that he had completed three theses!” 
Geng’s thesis earned him a multi-year postdoctoral position 
at Penn State University, where he is working with Professor 
Helge Kristian Jenssen. Professor Jenssen submitted a letter 
of nomination on Geng’s behalf in which he writes, “Geng 
Chen’s PhD thesis contains an impressive amount of results 
on hard problems of fundamental importance in the field 
of conservation laws. He has already obtained interesting 
results on longstanding open problems. I recommend him 
very strongly for an award.”  

Jason McGibbon is graduating this summer, having com-
pleted his Ph.D. dissertation under the direction of Pro-
fessor Michael Sullivan. Jason has obtained two important 
results, one in knot theory and one in string topology. As 
Mike writes in his nominating letter, “Jason solved a prob-
lem that has not only confounded Dennis Sullivan and me, 
who had been working on this since 2005, but also at least 
two other groups of actively competing symplectic geom-
eters ... who have also been stuck on this problem since 
2005/2006.” On the strength of his research results, Jason 
received a postdoctoral position at M.I.T., where he will 
start this fall.

Congratulations to our three award recipients!

proof only covers the case of “sufficiently large” primes. On the 
positive side our work changes the field radically. One extremely 
attractive feature is that it has opened up new and fruitful con-
nections among several fields of mathematics that before were 
considered to be completely unrelated. Our strategy was to keep 
building bridges that translate the problem from one field into 
another until we found a setting in which the original problem 
could be solved. 

The original problem concerned representation theory in charac-
teristic p, a subfield of algebra. This problem was then translated 
into an equivalent one involving D-modules, a subfield of partial 
differential equations. Our miraculous observation then allowed 
us to restate the entire problem in terms of geometry. In this 
realm we finally achieve a partial success; we manage to translate 
the problem from characteristic p into another problem which 

concerns ordinary mathematics. In the final step we passed from 
geometry to topology. This transition was based on a known 
case, solved by Roman Bezrukavnikov, of the so-called geometric 
Langlands program, a key subject in number theory and more 
recently a topic in particle physics. We then solved the reformu-
lated problem using Hodge theory, a versatile tool in topology 
that is sufficiently strong for our purposes.

A most interesting feature of this exciting adventure is that the 
methods we developed have now been used by an ever increasing 
number of researcher working in a variety of subjects in represen-
tation theory, algebraic geometry, and Hodge theory, My current 
interest in this subject is centered around the hope that eventu-
ally these ideas can be applied to critical phenomena, one of the 
most exciting areas in modern physics involving the behavior of 
systems in the neighborhood of phase transitions.

representation theory meets Geometry continued from page 7
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on april 11, 2011 the Department of mathematics and Statistics hosted a ban-
quet to honor achievements of our top undergraduates. Participants in under-
graduate research projects and in the Putnam competition (page 14) were recog-
nized, along with the winners of the m. K. Bennett Geometry award. the Henry 
Jacob mathematics Competition, and an honors thesis student. along with the 
many parents and family in attendance, we were delighted to host alumni roy 
Perdue ’73 and Jim francis ’86, as well as Dean Steve Goodwin of the College of 
natural Sciences.

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 Professor Mary Katherine Bennett. In 1966 Pro-
fessor Bennett earned the first Ph.D. from the department under the direction of Professor 
David 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 under-
graduates through a year-long course she developed. Today this course sequence is known as 
Math 461: Affine and Projective Geometry and Math 462: Geometry II. Each year the award 
is presented to the students with the best performance in Math 461. This year’s winners were 
Nathan Senecal and Russell Smith.

outStanDinG unDErGraDuatES HonorED

Honors student nathan Senecal (r), with his  co-advisor Hong-Kun zhang

russell Smith, nathan Senecal, 
tom Braden

Henry Jacob mathematics Competition
The Henry Jacob Mathematics Competition honors the memory of Professor Henry Jacob, 
who encouraged interest in mathematics among undergraduates through an annual mathemat-
ics contest. The contest is open to all first and second year students who do not have a close 
affiliation with the department. Participants in the competition typically develop closer ties to 
the department during their time at UMass Amherst. Some students pick up mathematics as a 
double major, while others participate in REUs and the Putnam competition. The Henry Jacob 
Mathematics Competition is sponsored by Roy Purdue ’73 (Solutions by Computer) and James 
Francis ’86 (Deutsche Bank).

This year’s first prize, a $1,600 cash award, was earned by Jingyu 
Chen, a mathematics major. Second prize ($1,000) went to Sunjeong 
Im, a biology major. Magnum Lew, a chemical engineering major, 
and Keenan Mahan, a chemistry major, split the third prize ($400 
each). Nicholas Reyes and Sofya Vorotnikova both won Honorable 
Mention awards.

Jim francis, nicholas reyes, Eleanor Killam, roy Perdue, 
Sunjeong Kim, magnum Lew, Jingyu Chen, Keenan  
mahan

Jenia tevelev, nate Harmon, Jill moore, Panos Kevrekidis, 
Patrick o’Brien, nate whitaker

Photos on this page by Kimberly abruzzo
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tHE foLLowinG aLumni anD friEnDS HaVE maDE ContriButionS 
the following alumni and friends have made contributions to the Department of mathematics and Statistics during 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, including the following:
 
• a gift of $100 or less helps support the math Club, the awards Dinner, and other student functions. 
• a gift of $100 – $500 provides funding for awards for outstanding undergraduate majors and graduate students to help honor their 
 achievements. 
• a gift of $500 – $1000 helps support student travel to conferences and workshops, and could sponsor a prize in the mathematics competition. 
• for $1000 – $3000 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 $3,000 – $5000 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. 
it’s easy to donate to the Department of mathematics and Statistics:
to make your gift online with your Visa, masterCard, or american Express, please visit the College of natural Sciences’ website at www.cns.
umass.edu and click “Give online.” 
Complete each section on the online giving page. in the Gift allocation section: 
1.  Choose “College of natural Sciences” in the allocation 1 pull-down menu.
2.  in the “Choose within College of natural Sciences” pull-down menu, select “mathematics and Statistics” to give an unrestricted gift to  
 the Department.  
you may also download a printable pledge form at the “Give online” site. 
for more information about giving opportunities, please contact will melton in the development office at 413. 577.6416 or wmelton@cns.
umass.edu. thank you for your generosity. 
to make a gift to the department, please use the enclosed gift envelope or visit our gift page on the department’s website: http://www.math.
umass.edu/Donate/donate.html. the website http://www.umass.edu/development/ offers more information about donating to the campus 
and gives you the opportunity to make your gift online.

inDiViDuaL DonorS 
($1000+)
John and Patricia Baillieul
James Francis
Roy Perdue
Barry Randall
Janet Westley

inDiViDuaL DonorS 
($200-$1000)
Laura Bateman
Olga Beaver
Abigail Benkeser
Arthur Budd
Paul Connolly
Susan and Wayne Duckworth
Debra and Francis Dutches
Jonathan Fienup
Dawn and Stephen Forde
Christine Fraser
Louise and Robert Fredette
Arthur Groves
Marla Hanc
Dominic Herard
Gerald Janowitz
Marilyn Lacete
Charles Lang
Evelyn and Mark Leeper
Chuming Li
Jennifer and Tucuong Lien
Larry Mann
Steven Murray
Robert Reitano
Brian and Cathleen Riley
Claire Robinson
Gerard Sarnie
Scott Simenas
Kevin Smith
Robert Tardiff
Timothy Tracy
Terry Wojtkunski

inDiViDuaL DonorS
Geraldine Amprimo
June Bacon
Amy Bacon
Betsy and Kenneth Barrows
Joan Beardsley
Dino and Donna Bedinelli
Richard Berger
Marie and Thomas Bilotta
William Birchenough
Philip Blau
David and Joan Bodendorf
Maria Bonsavage
David Bookston
Mary Brezezenski
Gail Brittain
Debra and Scott Brown
Richard Burns
Brian Burrell
Ronald Burt
Elizabeth Carmen
Ann Celino
Carol and James Chanen
Ronald Charbonneau
Yuyu Chen
Christine Cheney
Donna Chevaire
Frances Chevarley
Michael Cincotti
Anne Clough
Richard Cocci
Michael and Nancy Connolly
Kathleen Contratto
D. Coparanis
George and Maryanne Curley
Marilyn Damon
Ellen Deines
El-Bahi and Olga Denna
Che Der
Robert Dines
Elizabeth Doane
Patricia Doherty
Joseph Dorval

Carol Ducharme
Constance Duffy
Jeanne Dunning
Adam and Jill Eisner
Elsie and LLoyd Emerson
Neil Falby
Patricia Fisher
Janet and Michael Flament
Maxine Forward
Keith Fountain
Donna Fowler
Kenneth Frail
Adam Gamzon
Lema and Thomas Gaul
George Gero
Barabara Glotzer
Mary Ann Godbout
William Goodhue
Andrew and Diane Gori
Douglas and Rose Mary Haddad
Helen Harris
Robert Harris
Barbara Harris
Donald Hastings
Jane and Steven Herrick
Audrey and Neil Hindman
Stephen Hinthorne
Samuel Holland
Christopher Hoogeboom
Joan Hubacz
James Humphreys
Edward and Patricia Hurd
Fransico James
Patricia Jones
Richard Joslyn
Mizan Kahn
Thomas Kalmbach
John Kelley
Richard Kennedy
Kathleen Kennedy
Edward Kerswig
John Ketler
Sandra Kirwin

Lynn Klokman
Robert Knowles
Arlene Kohen
Leo Korn
Deborah Krau
Claudia Kulesh
Vicki Kuziak
Suzanne LaVerdiere
Denis Lankowski
Stewart Laufer
Beverly Lawson
Marguerite Lawton
Adriana Leveille
Barbara and Donald Lieb
Gregory Lonfres
Susan Luca
Carolyn MacArthur
Douglas Malloy
Eduardo Marchena
Donald Margeson
Douglas and Lisa Marquis
Christine Martell
Robert Mastorskis
Paula McCarthy
John McColgan
John McDonough
Ruth McGlothlin
Robin McGrath
Dale Melikan
Forrest Miller
George Morin
Mickey Moulton
Paul Murray
James O’Keeffe
Kathleen Offenholley
Mark Ordung
Patricia Orszulak
Thaddeaus Osetek
Diana and Karnig Ovian
Donna Pacheco
Susan Partyka
Margaret Pedersen
Eduardo Pina

M. Plaisted
Marie Poirier
Shirley Pomeranz
Caroline and Robert Putnam
Stuart Rachlin
Carol Reinhardt
Josephine Rodriques
Deborah and Norman Roth
Victor Schneider
Andreana and James Shanley
Joyce and William Shelden
Walter Sizer
Jonathan Skinner
Margaret Slaiby
Leonard Slomski
Earl Smith
Matthew Snow
David and Ellen Stenson
Robert Sturtevant
Jennifer Sulyma
Craig Sutton
Mary Sweet
Richard Tabor
William Welsh
Mark West
Carolyn White
Gayle White
Jeffrey and Tobi Whitney
Kristopher Wiemer
Caitlin Worth
John Yagodzinski
Raymond Yando

CorPoratE DonorS
Fidelity Investments
General Electric Fund
IBM
Raytheon Co.
Refrac Systems
St. Paul Travelers
Sun Life Assurance
The Pfizer Foudantion



The newsletter is published annually by the Department of  
Mathematics 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, Geroge avrunin, Department Head
Department of mathematics and Statistics
Lederle Graduate research tower
710 north Pleasant Street
university of massachusetts amherst
amherst, ma 01003-9305

telephone: (413) 545-0510 
fax: (413) 545-1801
www.math.umass.edu 
dept@math.umass.edu

The newsletter was compiled and edited by George Avrunin,  
Richard S. Ellis, and Paul Gunnells. The newsletter was  
designed by Kamilla Talbot (kt@kamillatalbot.com)
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