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Letters to the Editor
A Sufficient Condition for
Success in Calculus
The article by Professors Bressoud
and Rasmussen in the February 2015
Notices provides seven characteristics
that contribute to the success of a
calculus program. I believe that one
important characteristic, which is
embedded in characteristic 2, the effectiveness of placement procedures,
needs to be stated explicitly. I have
been teaching calculus since 1976 at
various schools and with a wide spectrum of students. I have found that
a necessary condition for a student’s
success in calculus is the student’s
mastery of functions and trigonometry. I have found that some schools
(both high schools and colleges) pay
little attention to the rigor of the
pre-calculus course that is the prerequisite for calculus. It is my belief
that first year calculus is easy to learn
and easy to teach if the students have
mastered the pre-requisite topics.
—Murray H. Siegel
Science & Mathematics Faculty
Arizona State University
Murray.Siegel@asu.edu
(Received February 14, 2015)

Update on Gender, Culture, and
Math Performance
We previously reported [1] that mathematics performance for both boys
and girls exhibits a strong positive
correlation with some measures of
gender equity, especially participation rates and salaries of women in
the paid labor force relative to men.
This finding was largely based upon
data obtained from the 2003 and
2007 Trends in International Mathematics and Science Study (TIMSS)
and the 2009 Programme for International Student Assessment (PISA).
Data from the 2011 TIMSS and 2012
PISA has subsequently appeared,
allowing us to determine whether
these correlations continue to hold
with newer data sets. The answer is
yes. For example, the Pearson correlation between mean mathematics
score for girls on the 2011 TIMSS and
the economic participation rate and
income earned (EPI) subcomponent
470

of the Social Watch’s Gender Equity
Index for a country in 2011 is 0.444
(p < 0.01); for boys it is 0.519 (p <
0.001). Likewise, these correlations
between EPI and mean mathematics
score on the 2012 PISA for girls and
boys are 0.470 (p < 0.001) and 0.463
(p < 0.001), respectively. We yet again
failed to observe a significant negative correlation between measures of
gender equity for countries and the
gap in mean mathematics scores between their boys and girls, a correlation observed only with the 2003 PISA
data set [2]. On the other hand, using
the 2011 TIMSS data set, we failed to
confirm our previous finding of a correlation between gender gap and ratio
of the variances in the mathematics
scores for eighth-grade boys and girls
within a country which was evident
using the 2007 TIMSS data set. The
loss of this correlation was likely due
to the absence from the 2011 data of
several Middle Eastern countries with
very high variance ratios.
On a related note, we also previously reported data indicating that
during the two-decade time period,
1988–2007, approximately twenty
percent of US IMO team members
were ethnic Jews [3]. Nevertheless,
in paraphrasing an article by Ron
Unz [3], David Brooks wrote, “Jewish
achievement has collapsed. In the
1970s, for example, forty percent
of top scorers in the Math Olympiad had Jewish names. Now 2.5
percent do.” [4] These statements
and the conclusion drawn from them
are simply wrong; Unz based them
upon “five minutes of cursory surname analysis.” Thus, he miscounted
many Christian Germans and Poles
as Jews and Israeli-Americans (such
as Oaz Nir) and Jews with Anglicized
names (such as Daniel Kane) as nonJews. In reality, Jewish representation on US IMO teams has gradually
declined over the past four decades
from approximately 1/4th to 1/8th
of total members [6]. This modest
drop is consistent with demographic
changes in the ethic/racial composition of US high school students, with
Asian-Americans becoming a larger
percentage of US IMO team members
in recent years.
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Addendum on Frans van
Schooten
In the middle of the left column of
Bill Casselman’s contribution on page
147 of the February 2015 issue of the
Notices, regarding the cover of that
issue, there occurs an unfortunate
slip of the pen. Namely, he mentions
René van Schooten the Younger. Of
course, he means Frans van Schooten
the Younger (born 1615–died 1660);
René is the first name of Descartes.
Perhaps here is the right place to
observe the appearance in 2014 of
a doctoral dissertation (written in
English) by Jantien Dopper (see [2]),
which is devoted to the work and
life of Frans van Schooten the
Younger. The dissertation also provides a very nice, detailed, and extensive view of the intellectual and
Volume 62, Number 5
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mathematical environment at Leiden
in Van Schooten’s days. On pages
7 and 8 of [2], Dopper provides an
overview of the work in the past on
Van Schooten; among others, she
mentions [4]. As to mathematics, we
read on page 9 of [2]: “Van Schooten’s major achievements were the
interpretation, dissemination and exploration of Cartesian geometry, but
there is more to van Schooten than
Cartesian geometry alone.” Indeed,
Frans van Schooten the Younger happened to be a prolific figure in the
seventeenth century; he visited and
studied at several places in Europe,
in Paris for instance.
Reference [1] (in Dutch) provides
curriculae vitae of mathematics professors in Leiden from 1575 until
1975. In [1], one finds such information about Frans van Schooten
the Elder (born 1581 or 1582–died
1645), about Frans van Schooten
the Younger, and about his brother
Petrus van Schooten (born 1634–died
1679), as well as such information
about thirty-nine other mathematics
professors at Leiden.
By the way, La Géometrie of Descartes occurs as an appendix (an
important one!) to the Discours de la
Méthode, starting on page 297 (see [3]
and in particular the front page of the
Discours de la Méthode, as printed on
page 22 of [1]).
References
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Teaching Is a Professional
Calling
I would like to congratulate the Editorial Board of the Notices and Professor Krantz, its editor, for all their
efforts to put together an impressive
and diverse collection of research and
expository articles on the pages of
the Notices in the past five years. I was
especially very delighted to see the
innovative creation of “Doceamus”
on mathematics education issues and
“Scripta Manent” regarding publishing matters.
Whether we teach at a two-year
college or a research university, the
quality of what we teach and the
students we nurture has a profound
impact on the fate of our institutions and the society at large. More
than ever, we are all scrutinized by
our community leaders and political
stake holders who control the budget
of our institutions and demand that
our graduates be truly literate as
well as be able to function in today’s
complex world. If we are to thrive
professionally and help our universities grow, we need to view teaching,
especially at the undergraduate level,
not as a chore but as a professional
calling. To be great teachers, we need
to constantly critique and refine our
methods, and not blame the students.
In closing, I echo Professor Yakov
Sinai’s basic principle in teaching,
as expressed in an interview with
M. Raussen and C. Skau [Notices, Volume 62, Number 2, February, 2015]:
“If people do not understand my explanations, then this is my fault.” My
hope is that the Notices will continue
to be a forum for discussion of educational issues as an integral part of
all issues related to our mathematics
profession.
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the summer of 2017.
The goal of the MRC program is to create research cohorts of early-career
mathematicians that will sustain themselves over time, fostering joint research
and coherent research programs. The MRC program aims to achieve this
goal through:
•
•
•
•
•

One-week conferences for each topic area in summer 2017
AMS Special Sessions at the Joint Mathematics Meetings in January 2018
Discussion networks
Funding for additional collaborations
Longitudinal study

Additional information about the MRC program and guidelines for proposal
preparation can be found at http://www.ams.org/programs/research-communities/
mrc-proposals-17.
This 2017 MRC program is contingent on renewed funding from the
National Science Foundation.

SEND INQUIRIES AND PROPOSALS TO:
Mathematics Research Communities
American Mathematical Society
by email: mrc2017@ams.org
by mail: 201 Charles Street, Providence, RI 02904
by fax: 401-455-4001
Deadline for proposals for the 2017 MRC:
September 15, 2015

In Memory of Jacob
Schwartz

Photo courtesy of NYU Publicity for Courant.

Sal Anastasio, Coordinating Editor

Jack Schwartz.

A few months after Jack Schwartz’s death on
March 2, 2009, a memorial gathering was held
for him at the Courant Institute of New York
University, his home base for almost fifty years.
The well-planned program included a few piano
pieces and almost a dozen speakers, each of whom
had collaborated with Jack in one or more of his
many activities.
Those present would have heard the speakers
talk about:
Sal Anastasio is professor emeritus of mathematics, SUNYNew Paltz. His email address is anastass@hawkmail.
newpaltz.edu.
Personal and family photos of J. Schwartz provided by and
used with permission of the Schwartz family.
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—The outstanding contributions Jack had made
to many fields and his ability to enter a field new
to him, master it, make significant contributions,
and move on.
—Jack’s exceptional kindness and generosity.
Eugenio Omodeo spoke of his “deep empathy
with others”; Edmond Schonberg said that “his
generosity had changed the lives of many;” and
his sister, Judith, said that, to Jack, “acts of
exceptional kindness were perfectly routine” and
that his “stunning generosity…did not look for
thanks” and “he was puzzled and even annoyed
when they came.”
—Finally, and in a lighter vein, Jack’s addiction
to particular Chinese restaurants whose quality
ranged from, at best, “mediocre,” to, at worst,
“loathsome.”
Jacob Theodore Schwartz was born on January 9,
1930, in the Bronx, New York City, of immigrant
parents: his father, Ignatz, from Hungary, and his
mother, Hedwig, from Germany. At every level of
his life, Jack was precocious. As a child he was
an omnivorous reader. He attended Stuyvesant, a
high school for gifted students. At age nineteen
he graduated from the City College of New York
(a producer of many Nobel Prize winners and
frequently called, at that time, “the poor man’s
Harvard”). While there, he studied with E. L. Post.
His friend and colleague Martin Davis recalls
that Jack interpreted one of Post’s remarks as
expressing a need for a proof that all recursive
functions are Turing computable, and Jack sent
such a proof to Post. The letter we have reproduced
was Post’s response to Jack. It shows that Post
recognized Jack’s exceptional ability and that he
was correct in his prediction of Jack’s future.
Jack began graduate study at Yale and completed
his PhD at age twenty-two. He then began to collaborate with his thesis advisor, Nelson Dunford, on
what was to become the monumental three-volume
Linear Operators, known simply to mathematicians as “Dunford-Schwartz.” Jack left Yale for the
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Courant Institute in 1957 and continued there until
his retirement in 2005. In the mid-1960s he became
interested in computer science, eventually being
instrumental in founding the computer science
department at Courant in 1969 and chairing the
department. In addition to developing the programming language SETL, he made major contributions
to computer architecture, parallel computation,
and compiler optimization.
In the early 1980s Jack became interested in
robotics and founded the robotics laboratory at
New York University. His work there consisted
not only of theoretical aspects but of such practical issues as robot programming and machine
manufacturing. Toward the end of his life he
became interested in the field of multimedia. His
coworker in the field was Ken Perlin. Ken said that
“Jack brought the same high level of engagement,
original thinking, and intellectual rigor to this topic
that he had brought to all his previous work. Jack
saw, before nearly anyone else, the shift in the US
from a manufacturing economy to an information
economy. He realized that this would bring about
a profound cultural change in which computers
and interactivity would become an integral part of
both the creation and the consumption of media.
As usual, Jack was right.”
This sketch of his achievements is fleshed
out in the following articles and recollections.
For a more complete biography, we refer the
reader to the memoir written by Martin Davis and
Edmond Schonberg for the National Academy of Sciences: www.nasonline.org/member-directory/
deceased-members/50702.html.
For more thorough essays on his work from the
time of his entry into the field of computer science,
we refer the reader to From Linear Operators to
Computational Biology, M. Davis and E. Schonberg,
eds., Springer, 2013.

Ronald G. Douglas and
Ciprian Foias
Contributions to Operator Theory
Jacob (Jack) T. Schwartz was one of the very
few contemporary mathematicians who had solid
knowledge of many fields of modern and classical
mathematics, to which he made outstanding contributions from “abstract mathematics” all the way
to “concrete applications” in “applied mathematics.” This organic connection between “abstract
Ronald G. Douglas is Distinguished Professor of Mathematics, Texas A&M University. His email address is
rdouglas@math.tamu.edu.
Ciprian Foias is Distinguished Professor of Mathematics, Texas A&M University. His email address is
foias@math.tamu.edu.
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Jack at a favorite Chinese food restaurant, Los
Angeles, California, 1989. Photo by Diana
Schwartz.

theory” and “concrete applications” is present in
many of Jack’s contributions to operator theory,
as well as in the monumental encyclopedic three
volume treatise Linear Operators, by N. Dunford
and J. T. Schwartz, a project seemingly initiated by
Dunford, in which several of his doctoral students
(including Jack) were involved. Jack, with his great
mathematical power and working stamina, became
the main driving force behind the project and, in
particular, directed the choice and presentation
of the rich mathematical content of the treatise.
Moreover, the books present a detailed history of
the development of operator theory up to that
time, in which, as the authors indicate, they were
assisted by W. G. Bade and R. G. Battle.
A good illustration of Jack’s approach to linear
operator theory—namely, it should play the role
of a catalyst for understanding the structure and
the properties of the linear maps arising in other
branches of mathematical study—is the extended
presentation in Volume II of Linear Operators of
the boundary value problems for finite systems
of ordinary differential equations using operator
theory (that is, the use of semigroups of linear
operators as the catalyst). This is also illustrated by
the extension in Volume III of Dunford’s spectral
theory from bounded operators to unbounded
ones, as well as by Jack’s studies of the (“full”
or “partial”) preservation of the “good” spectral
features of an operator under certain perturbations
which occur in applications. Many of Jack’s results
in this direction were first published in Volume
III of Linear Operators and constitute the most

Notices of the AMS

Volume 62, Number 5

original part of the whole treatise. It is this
part which, due to the progress made since then
in “functional analysis”, provides inspiring new
paradigms and opportunities for “pure and applied
operator theory.”
On a more personal side, Jack
was a very generous mathematician.
As an example,
the second author
of this eulogical
article is very indebted to him.
While Jack was
still working on
Volume II of Linear Operators, he
encouraged I. Colojoara
and
the
second author to
write a monograph
on their slightly
Jack, age five, with sister,
more abstract specJudith Dunford, 1935.
tral decomposition
approach. After they sent Jack their manuscript,
the “mail connection” concerning that work was
interrupted by the local authorities (who else?),
so, in particular, they never got the galley proofs.
Nevertheless, Jack rewrote parts of their (rather
clumsy) introduction and published the work in his
Gordon & Breach Mathematics and Applications
series.

Wai-Mee Ching
W ∗ -algebras
John von Neumann initiated the study of operator
algebras on Hilbert space, now called von Neumann
algebras or W ∗ -algebras, in 1929 [1], and starting
from 1936 F. Murray and von Neumann wrote a
series of papers entitled “On rings of operators”
[2], [3], [4] to systematically study these algebras
partially intended to lay an algebraic generalization
of the quantum mechanical formalism. Let H be a
separable Hilbert space, B(H) be the self-adjoint
∗
-algebra of all bounded linear operators on H,
with T → T ∗ (the adjoint operator of T ) as the
∗
-involution. A self-adjoint subalgebra A of B(H)
is a W ∗ -algebra if it is weakly closed. Let A0 be
the set of all operators in B(H) which commute
with all operators in A, the commutant of A.
Then A is a W ∗ -algebra iff A = A00 ; this is called
the double commutant theorem [2]. A ∩ A0 = c(A)
Wai-Mee Ching is a retired professor of computer science
from the IBM Thomas J. Watson Research Center. His email
address is waimeeching@gmail.com.
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is called the center of A. Let M be a µ-finite
measure space, L2 (M) the Hilbert space of squareintegrable functions g on M. Then L∞ (M), the set
of all essentially bounded µ-measurable functions
f corresponding to mf : g(x) → f (x)g(x), is a
commutative W ∗ -algebra on L2 (M), and the center
of L∞ (M) is equal to itself. On the other end of the
spectrum, a W ∗ -algebra A is called a factor if c(A)
is just C, the field of complex numbers, i.e., scalar
multiples of the identity operator I. An operator in
A is a projection if E = E ∗ = EE. Two projections
in A are equivalent , E ∼ F , if there is a partial
isometry u in A such that uu∗ = E, u∗ u = F . This
defines a partial order among projections of A, and
this partial order is a linear order if A is a factor. A
projection E is finite if there is no projection F ∼ E
with 0 < F < E; E is minimal if simply no such F
exists. Murray and von Neumann proved [2] that
there are three and only three different types of
factors:
Type I: has minimal projections, In , n = 1, 2, . . . ,
the n × n matrix algebra, and I ∞ , B(H) for infinite
dimensional H;
Type II: II1 if the identity operator I is finite, II∞
if the identity operator I is infinite;
Type III: all projections are infinite.
In the final paper [5] of the rings of operators series, von Neumann proved that every W ∗ -algebra A
can be uniquely expressed, up to isomorphism, as a
direct integral of factors over a measure space arising from a measure space M associated with c(A).
This can be regarded as an infinite-dimensional
extension of the classical Wedderburn Structure
Theorem for semisimple finite-dimensional rings.
Thus, the classification of W ∗ -algebras has been
reduced to the classification of factors. While type I
factors are familiar objects, the discovery of type II
and type III factors was quite unexpected. There
are several ways to construct factors of type II1 . For
example, let G be a countable discrete group such
that the set Ch = {ghg −1 | g ∈ G} is infinite for all
h in G other than the identity element; we call it
an ICC (infinite conjugate class) group. Let l2 (G) be
the Hilbert space of all square-summable functions
on G and A(G) be the W ∗ -algebra generated by the
unitary translation operators Ug on l2 (G), g ∈ G:
f (h) → (Ug f )(h) = f (hg).
Q
Then A(G) is a factor of type II1 . Now let
be
the group of all finite
permutations
on
Z,
the
set
Q
of integers; then A( ) is a factor of type II1 . A
factor is called hyperfinite if it is the weak closure
of an increasing sequence of finite dimensional
subalgebras. Let M2 ⊂ M4 ⊂ M8 ⊂ · · · be the
increasing sequence of finite-dimensional algebras
of operators represented by repeating 2k by 2k
matrices along the diagonal; we can see that
the resulting closure of this sequence is also a
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hyperfinite factor of type II1 . There is another way
to construct (hyperfinite) factors of type II1 (and
type III) by a group of automorphisms acting on
an abelian W ∗ -algebra called the cross-product.
In [4] Murray and von Neumann proved that all
hyperfinite factors of type II1 are isomorphic
to each other. Furthermore, they showed that
A(F2 ), the group algebra associated with the free
group F2 of two generators, is not hyperfinite.
This is achieved by introducing property d: for
any  > 0 and any T1 , T2 , . . . , Tm in A there is a
unitary operator U in A such that tr(U) = 0 and
|UT
Qi − Ti U |2 < , i = 1, 2, . . . , m, and showing that
A( ) has property d while A(F2 ) does not.
After this discovery of a pair of nonisomorphic
factors of type II1 in 1943, a natural question
in the structural classification of factors is: are
there other nonisomorphic nonhyperfinite factors
of type II1 ? An obvious candidate is A(F3 ), the
W ∗ -algebra associated with the free group of three
generators which is also nonhyperfinite. Is A(F2 )
isomorphic to A(F3 )? This turns out to be a very
hard problem on which we’ll comment later.
In 1963 Jack [6] introduced property P : a W ∗ algebra A on a Hilbert space H has property
P if for every T ∈ B(H), the convex hull of
{UT U ∗ | U ∈ A} contains an element of A0 , the
commutant
Q of A. He showed that the hyperfinite
factor
A(
) has property P while A(F2 ) and
Q
A( ×F2 ), the factor
associated with the direct
Q
group product
of
and
F2 , do not have property P ,
Q
but A( ×F2 ) has property d. Hence, twenty years
after knowing there was a pair of nonisomorphic
factors of type II1 , it was shown that there were three
nonisomorphic factors of type II1 . Jack wrote a book
on W ∗ -algebras in 1967 [31], which for a while was
the only comprehensive treatment on W ∗ -algebras
(von Neumann algebras). In 1968 W. Ching [7]
discovered the fourth nonisomorphic factor of type
II1 by introducing property C: W ∗ -algebra A has
property C if, for each sequence Uk (k = 1, 2, . . . )
of unitary operators in A with the property that
strong lim Uk∗ T Uk = T for each T ∈ A there exists
a sequence of mutually commuting operators Vk
(k = 1, 2, . . . ) in A such that strong lim(Uk −Vk ) = 0
and exhibiting a nonhyperfinite factor A(HF),
where HF is a group constructed from a crossproduct of a group of automorphisms acting on
a free group of infinite generators with the free
group, such
Q that A(HF ) has property C while A(F2 )
and A( ×F2 ) do not have property C. Shortly
after, Sakai [8] found the fifth nonisomorphic
factor of type II1 by introducing the property of
being asymptotically abelian. Dixmier and Lance
[9] found the sixth and seventh nonisomorphic
factors of type II1 , and Zeller–Meier [11] found
the eighth and ninth nonisomorphic factors of
type II1 . Finally, within about a year, McDuff found
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infinitely many nonisomorphic factors of type II1
[10] and a continuum of nonisomorphic factors of
type II1 [12]. All these results can be found in the
book The Structure of Factors [13] by Sal Anastasio
and Paul Willig, two of Jack’s PhD students.
Whether A(F2 ) is isomorphic to A(F3 ) remains
an open problem. In retrospect, the significance of
Jack’s contribution in the search for nonisomorphic
factors is not just that he introduced property
P , which was later found to be equivalent to
hyperfiniteness by Connes [14], to enable the
finding of a third nonisomorphic factor of type
II1 but that he shifted attention from the much
harder problem concerning free group algebras
(which he may well have attempted) to a more
fruitful direction. Nevertheless, there are some
interesting and surprising results in attacking the
free group front. In 1973 W. Ching [15] introduced
a new method for constructing factors, called the
free product of von Neumann algebras, in order to
find a factor of type II1 without property dsimilar
to A(F2 ), and this was subsequently extended to
the free product of C ∗ -algebras (a C ∗ -algebra is
a norm closed Banach algebra which has a selfadjoint ∗ -involution; W ∗ -algebras form a subset
of C ∗ -algebras) by Avizour [16]. This early work
was later developed into free probability theory (a
noncommutative version of classical probability
theory) by Dan Voiculescu [17]. Using Voiculescu’s
free probability theory, L. Ge [18] proved that
A(Fn ) for n > 1 cannot be the tensor product of
two factors of type II1 ;Q
i.e., in a sense they are prime
factors. Note that
A(
×F2 ) is in fact the tensor
Q
product of A( ) and A(F2 ). A more surprising
result on the nonisomorphism of free group factors
is the recent work of K. Guo and H. Huang [18]: they
relate the free group factor classification problem
to complex analysis and conformal geometry by
constructing factors of type II arising essentially
from holomorphic coverings of bounded planar
domains.
On factors of type III, after von Neumann [3] in
1940 showed the existence of a factor of type III,
Pukanszky [20] in 1956, with the aid of property L,
showed a pair of nonisomorphic factors of type
III. Jack in [21] showed the existence of three
nonisomorphic factors of type III using property P .
In 1967 Powers [22], using C ∗ -algebra techniques,
proved that there exists a continuum of pairwise
nonisomorphic hyperfinite factors of type III. In [7]
Ching showed that there are three nonisomorphic
nonhyperfinite factors of type III; and by 1969,
through the use of techniques from the type II1
case, the existence of a continuum of pairwise
nonisomorphic nonhyperfinite factors of type III
was established. In 1968 Araki and Woods in a paper
[23] on infinite tensor products proved Powers’s
result using exclusively W ∗ -algebra techniques.
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Jack, Martin Davis, and Judith Dunford,
Rockaway Beach, NYC, summer 1948. Photo
taken by Jack’s mother, Hedwig.

[12]
[13]

Jack’s reinterpretation of [23] is in [24], which can
be found in the book of Anastasio and Willig [13].
Jack’s elucidation [24] of Powers’s result leads to
the most elementary proof of the existence of a
one-parameter family of mutually nonisomorphic
factors of type III by Ching [25], where the infinite
tensor product of W ∗ -algebras is not used.
Jack’s mathematical prowess is also evident in
his later work in computer science. His remarkable
ability to absorb a complex proof and recast it
in a simpler and clearer fashion enabled him to
swiftly move from one discipline to another. In
mathematics, expressing this simplification may
only have pedagogical or aesthetic value, but
in computer science it makes a huge difference
between something implementable and something
which never gets implemented. An example is
that of interval analysis of F. Allen and J. Cocke
[26] (Allen was married to Jack for many years,
Cocke was a good friend and collaborator of Jack’s
in writing a comprehensive compiler book, and
both are Turing Award recipients, the highest
honor in computer science), used crucially in
program optimization. Instead of step-by-step
graph reduction, Tarjan [27] (another Turing Award
recipient) found a fast interval finding algorithm,
but it is Jack’s version [28] of Tarjan’s algorithm
that is implemented in an APL compiler [29], where
interval analysis is used in type-shape analysis,
which is partly inspired by the thesis of Jack’s PhD
student [30].

[14]
[15]
[16]
[17]

[18]
[19]

[20]
[21]
[22]

[23]
[24]

[25]
[26]
[27]
[28]

[29]
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Martin Davis
Jack Schwartz and I were undergraduate students
at City College in New York during the late 1940s,
both influenced by the important logician E. L.
Post and the charismatic teacher B. P. Gill. In
the first of the many organizational efforts Jack
was to lead, he created a committee of students
to reproduce the lecture notes on real variable
theory by H. F. Bohnenblust in order to supply
Post with an up-to-date textbook for his course
on that subject. More than half a dozen students
laboriously copied the notes onto mimeograph
stencils working with manual typewriters and using a stylus for mathematical symbols. Jack added
his own appendix “Why Is a Topological Space?”
to explain briefly the importance of abstraction in
twentieth-century mathematics. During the summer of 1949, just before Jack began his graduate
studies at Yale, he and I, together with my fellow
graduate student at Princeton, Melvin Hausner,
lived in his parents’ apartment in the Bronx while
they were at the beach. Jack had discovered the
AMS Colloquium Series, and he was working his
way through Lefschetz’s Algebraic Topology and
Weil’s Foundations of Algebraic Geometry. It was a
mathematically productive summer for the three
of us.
Jack and I became colleagues when I joined the
Courant Institute in 1965, where Jack had been on
the faculty since the 1950s. In 1969 we were both
founding members of the new computer science
department at Courant, although Jack had already
been working in that field for some time.

Jack’s Work in Economics
I’ve written elsewhere [3] about how Jack’s critical
work on Marx’s economic theories arose out of the
controversies within a radical group with which
we were both involved. His first toy economic
models were part of his effort to convince the
others of the falsity of Marx’s theory of price ratios.
His lectures and the remarkable book [4] that he
developed from them owe more to Keynes than
they do to Marx. However, his view of an economy
as represented by the flow of commodities as
the output of one producer becomes an input to
another ultimately derives from Marx as further
developed by Leontief. In the book, rigorous
mathematical treatment of economic models is
complemented by discussions of empirical data
and historical context. Jack’s Keynesian models
Martin Davis is professor emeritus of the Courant Institute.
His email address is martin@eipye.com.
My thanks to Kumaraswamy Velupillai, who kindly read
an early draft of this article and saved me from making a
number of errors in what I wrote about economics. Obviously
any errors that remain are due to me.–M.D.
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take the form of dynamical systems with a fixed
point (he called the “Keynes point”) representing an
equilibrium between demand and production. The
ordinary business cycle was then exhibited as a path
moving around this point. From this point of view
catastrophic events (like those in 1929 and 2008)
on the one hand and substantial governmental
stimulation of production (as occurred in the US
during the Second World War) on the other are seen
as shifting the Keynes point to a new equilibrium.
Jack emphasized the relevance to economics of
John Nash’s work on n-person games well before
this was generally realized. Jack’s point of view
stands in contrast to the orthodoxy of its time
promulgated in Paul Samuelson’s textbook that
was studied by thousands of students. In this
“neoclassical synthesis,” an important role was
played by the classical theory of prices determined
by “supply and demand” as expressed in the general
equilibrium models of Leon Walras. After studying
Keynesian and Walrasian models separately, Jack
developed a single model which incorporated
both Keynesian and Walrasian phenomena and
illustrated how unsatisfactory could be the real
situation corresponding to a Walrasian equilibrium:
Equilibrium models…give content to the
classical notion of the “invisible hand” of
economics…. Enthusiasts of neoclassical
policy [emphasize] the opinion that this
equilibrium is…optimal. After all, at equilibrium each family maximizes its satisfaction,
and each firm maximizes its profits…. As
we see from the above [analysis], motion
toward equilibrium may very well involve
a drastic reduction of capital inventory
…in equilibrium: each family optimizes
its subjective utility subject to budgetary
constraints; each firm maximizes its profits
subject to its capital limitations…this may
mean nothing more than that each family
manages as best it can subject to a severe
shortage of funds, and that each firm makes
the largest possible profit on the small
amount of capital remaining to it….1
John Nash’s work showed how players in one of
his games could be trapped in a situation in which
a “move” that would provide general improvement
if carried out by most would nevertheless prove
catastrophic to any player with the courage to
make that move as an individual. The Walrasian
equilibrium described in the above quotation may
be thought of as providing such an instance.
Regarding an economy as a gigantic structure in
which commodities enter productive enterprises
as inputs and emerge as outputs leads to viewing
monetary phenomena as a secondary overlay
1

[4], p. 230.
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to the underlying material reality. Indeed, Jack
emphasizes that the fact that an analysis of the
business cycle is possible in that context makes
efforts to see the business cycle as a monetary
phenomenon quite dubious. Nevertheless, he wrote
the relatively brief book [5] to analyze the role
that money plays. Very much in the spirit of his
earlier book, the point of view is Keynesian, and
the classical quantity theory of money is found
seriously wanting.

Mathematics in Computer Science
From the variety of topics dealing with computer
technology with which Jack engaged, there are
two threads where his work led to interesting
and significant mathematics. It was thinking about
robotics that led Jack to consider algorithms for
negotiating a terrain with obstacles, what he called
the “piano movers problem.” This led to a number
of joint papers with Micha Sharir and with John
Hopcroft. See [6] (which has references to previous
work) and [7].
Jack had developed a high-level programming
language he called SETL in which the underlying
data objects were sets. He imagined technology
to prove the correctness of programs written
in such a language by augmenting it with setbased automated reasoning technology. This led
to his fruitful suggestion that algorithms found
by Hilbert’s student Behmann could be extended
to a set-theoretic context. Some of his and my
students who returned to their native Italy after
obtaining their doctorate at Courant developed
this insight in a remarkable manner. They found
that a significant part of axiomatic set theory can
be developed in a decidable context. See [2] (which
has many references to earlier work) and [1].
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Micha Sharir
Jack Schwartz and Robotics
My encounter with Jack began in 1977 when I
joined the SETL group that he was heading at the
Courant Institute, working with him on compiler
optimization of high-level languages. We continued
our collaboration after I returned to Israel. Then,
in 1981 during one of my visits to the Courant
Institute, as I was sitting in Jack’s office, all of a
sudden Jack posed the problem of planning the
motion of a line segment e in the plane amid
polygonal obstacles. Since the motion of e has
three degrees of freedom (two of translation and
one of rotation), one can think of such a motion
as an arc traced in the parametric 3-dimensional
configuration space C, representing all possible
placements of e. Each obstacle o becomes a socalled expanded obstacle K0 in C, which is the
locus of all placements of e that intersect o. The
complement in C of the union of the expanded
obstacles K0 is the free configuration space F ,
consisting of all collision-free placements of e.
Now, given a starting position s and a target
position t of e, the question becomes: Do s and
t (as points in C) belong to the same (arcwise)
connected component of F ?
This formalization of the problem emerged
a bit later. At the time Jack was proposing the
problem, he already had some sketches of a
suggested ad hoc algorithm, and in no time at all
Micha Sharir is professor of computer science, Tel Aviv
University. His email address is michas@post.tau.ac.il.
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we were fully immersed in this problem. This led
to our joint work on the series of “Piano Movers”
papers, which laid the foundation for algorithmic
motion planning. The first paper in the series [10]
presented an algorithm for solving Jack’s initial
problem, but it was the second one [11] which
has been the most influential, as it gave a general
solution to the motion planning problem, using and
refining techniques from real algebraic geometry.
Specifically, the configuration-space formulation
reviewed above applies for any moving system B
with k degrees of freedom and for a collection of
obstacles whose shapes and locations are known
to the planning system. Here too one can define
the (now k-dimensional) configuration space C,
the expanded obstacles, and the free configuration
space F in complete analogy to the case of a
segment. Given a start and goal placements of B,
the question to answer is whether there exists a
continuous collision-avoiding motion of B from
the start placement to the goal placement and, if
so, to produce such a motion. Equivalently, we
want to determine whether s and t lie in the same
connected component of F .
Under reasonable assumptions, the expanded
obstacles and the complement F of their union
are real semialgebraic sets, and the problem is to
compute a discrete representation of the topological structure of such a set. This is a challenging
mixture of algorithmic combinatorics (to handle
the large number of scattered obstacles) and of
computational algebra (to effectively compute the
interaction between the algebraic varieties that
form the boundaries of the expanded obstacles).
The algorithm that Jack developed in [11] is
based on Collins’s cylindrical algebraic decomposition (CAD) [3] (see also [2]) but refines it to handle
the (potentially quite complicated) topology of F.
Using and adapting a variety of tools from real
algebraic geometry, the resulting algorithm is exact
and takes time which is doubly exponential in k but
polynomial in the other parameters of the problem.
Thus, for any fixed system B one gets an exact
polynomial-time (albeit considerably inefficient)
algorithm for planning its motion amid a given
collection of obstacles (again, under reasonable
assumptions on the shape of the moving system
and of the obstacles).
The paper [11] opened up many new research
directions, and its impact is felt even today. I feel
“safe” in praising that paper, because it was to a
large extent Jack’s creation. My role had been that
of a disciple running after the master, learning
a lot from him, and helping wherever I could. In
retrospect, several other more efficient solutions
were found later, such as the “roadmap” approach
of Canny and of Basu et al. (see the comprehensive

Jack and robotics.

book [2] for details), but the breakthrough was
definitely Jack’s.
This was only the beginning. Jack had entered
the world of robotics with his usual unbounded
energy, vigor, and stamina and for nearly ten years
continued to lead an intensive research activity
in robotics, where his mathematically oriented
inquisitive mind unraveled many beautiful and
difficult mathematical challenges. With the aid of
a large NSF Infrastructural Grant, Jack founded a
few years later the Robotics Lab at the Courant
Institute, which became one of the major centers
for robotics research during the 1980s. As usual,
he was interested in everything: many fundamental
questions in motion planning, questions related
to shape and pattern recognition (for which he
introduced the technique of geometric hashing,
which is still used today quite effectively in the
analysis of molecular structures in bioinformatics
[21]), questions related to friction and grips of
objects [8], [18], and many others). A large portion of
this work and several other parallel developments
were recorded in a book edited by John Hopcroft,
Jack, and me [6] and in several surveys [13], [16],
[19].
One should also note that motion planning
was one of the major motivational forces that
influenced the development of computational geometry, a vibrant field that was making its first
steps at that time. Among the main developments resulting from this interaction were the
study of arrangements of curves and surfaces,
Davenport-Schinzel sequences and their geometric
applications, and space-decomposition techniques;
see [20] for details. This has been my main field
of interest ever since. Jack dabbled a bit in this
area too (see, e.g., [4], [17]) but was never really
attracted to it. Towards the end of the 1980s and
beginning of the 1990s, his interests shifted to
other topics (ultracomputers, multimedia, logic,
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bioinformatics, and what not), and our scientific
ways slowly drifted apart.
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Michael Wigler
Jack’s intellectual arc took him from mathematics
to computational science to biology. I had already
expanded from molecular biology into quantitative
genomics and had worked with Bud Mishra, one
of Jack’s close colleagues at Courant. Bud thought
Jack and I should meet. My first impression of Jack
was of someone who had overestimated the power
of computation and underestimated the byzantine
complexities of biological systems. Only later did I
realize that Jack was hoping to be perplexed. He
chose biology to help him peer into the universe,
beyond the limits of pure human imagination.
He was driven by curiosity, sometimes curiosity
about his intellectual reach, and his method of
exploration was determined by two influences.

Jack at post in Cold Spring Harbor.

The first was mathematics. In Jack’s view only
two mathematical fields were especially “successful”
in explaining the world: linear algebra and calculus.
Most would agree on calculus but perhaps question
linear algebra. Not Jack. I suspect that in Jack’s
view calculus was in fact a subfield of linear
algebra on infinite-dimensional vector spaces. His
mathematical world view translated to his approach
Michael Wigler is professor of genetics, Cold Spring Harbor
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to exploring biology: span as much of the biological
space as possible with a basis, a set of tools that
could be combined. The second influence was
computation. More so than for anyone I have ever
met or read about or seen depicted, the computer
was an extension of Jack’s sensory and cognitive
apparatus. The computer was itself a source of
insights into how the cell and the brain might
work.
By the time I knew him, except for Jack’s
collaborative work on computational logic and
mathematics [1], he had stopped writing for
publication, although he was active in creating
websites. His biological thinking, results, and
methods are not in print. I will very briefly
touch upon two topics that illustrate his thinking.
Reference [2] contains a more inclusive and detailed
account, anecdotes, some of Jack’s sayings, and
links to still extant websites.
Genomics was a natural subject for Jack. DNA,
the genetic material, is comprised of strings of
the four nucleotide letters that are the “digitized”
information repository of the cell. Jack was expert
at string computation, and for this the sort was
the fundamental operation. This resulted in our
one joint paper [3], which introduced an important
string matching algorithm into the library of genomic tools. Jack’s main insights were based on
higher order principles of genomic organization,
and he discovered measures of evolutionary distance based on reorganization. Changes in gene
order (“synteny”) and gene splicing pattern are
slower ticking clocks than the standard clock
based on local nucleotide sequence divergence and
thus might be superior for perceiving the phylogenetic tree. Jack used mitochondrial gene order
to discover surprising details of the evolutionary
relation between crustaceans and at the same time
rediscovered the principles of homologous recombination, previously recognized and explained by
the Holliday junction model.
Cognition was another biological arena that
drew his attention. He mulled over everyday
occurrences that usually go unobserved, such as
the time needed to recover a name or to complete
memories from shards, to make inferences about
the information storage and processing algorithms
in neurons. Behind his thinking was the unquestioned assumption that the capacity of the brain
was indeed built from discrete components and
that the perception of the continuity of perception
that we all enjoy is in fact an illusion.
His systematic explorations of the brain were
of the visual system, and here the computer
was both tool and object. He was fascinated by
optical illusions, which were to Jack examples of
how the brain uses clues to reconstruct a reality.
Because he had mastered the computing of images,
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Jack and daughters, Rachel and Abby.
Photo taken by Sandra Schwartz.

Jack could create endless “illusions” and vary the
parameters that make an illusion “work.” Then he
would explore the human variability in sensitivity
to visual processing clues. His favorite set of
illusions was based on the perception of three
dimensions, and for study of these, he extended
the power of the computer monitor by donning
colored glasses. Among his discoveries my favorite
was that when the mind was stretched beyond its
ability to interpret a computer image as arising
from differential object depth, the computer image
would attain a strong, almost unpleasant, metallic
sheen. To me that illusion was indeed brain magic.
To his surprise and mine, there was great
individual variability in the ability to interpret visual
clues in an illusion, as though some people had
different cognitive algorithms. These differences
were as stark as the illusions that can distinguish
color-blind people from people with full spectral
range. Such discrete individual differences in
cognitive capacity are rare and are typically genetic
in etiology. Such clues could therefore be a “lead”
that unravels the connections between behavior,
circuitry, and genes.
Sadly, I only knew Jack for his last decade, but
happily he still casts a large influence. His successful examples with computational approaches
and the perception of the mathematical structure beneath the surface of biological phenomena
greatly encouraged my own explorations in those
directions.
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Joseph A. Fisher
In April 1970, Jack and John Cocke of IBM Yorktown Heights wrote Programming Languages and
Their Compilers: Preliminary Notes, Second Revised
Version, Apri1 1970. This report gave birth to an
entire field of computer science, “Compiler Optimization,” and was remarkable in its completeness
and, from the perspective of almost forty-five
years later, its insight, thoroughness, and effect on
modern processor development. It was released
as a technical report by the Courant Institute and
never published in any other format (it is available
for download at The Computer History Museum,
www.softwarepreservation.org).
Reading this report in 2013, it generally feels
like something you would indeed expect to find
in a museum. But not the 218 pages devoted to
compiler optimization. As was typical of Jack,
what emerged on those pages was the invention
of a new, full-fledged field of computer science,
“compiler optimization,” thoroughly described. It
is as if the subject had existed in the literature
and practice for decades, and someone finally got
around to writing an encyclopedic survey paper.
But instead, little was known of this subject before
1970, and much less written. Frances Allen and
Cocke had embarked on seminal work in interval
analysis, and there were smatterings of techniques
being developed, also largely at IBM Yorktown.
David Gries’s classic Compiler Construction for
Digital Computers was not published until 1971
and emphasized areas other than optimization. It
was not until 1977 that the “Dragon Book,” Aho
and Ullman’s Principles of Compiler Design, finally
laid out this subject again in a systematic way,
repeating Cocke and Schwartz in greater detail.
The rest of the 767-page report was a thorough survey of the state of the art in compiler
construction, covering such maturing topics as
lexical analysis, parsing, syntactic analysis, formal language theory, and a few pieces of code
generation for special-purpose languages. These
were all relatively mature subjects by then, some
approaching an almost ripe stage. But not so
optimization: there was really nowhere to go if you
were a compiler writer and wanted to understand
optimization.
The general framework in the report persists to
this day. Jack and Cocke covered what are still the
most important topics:
Joseph A. Fisher is Senior Fellow Emeritus at Hewlett-Packard.
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— Machine independent vs. machine specific
optimizations
— Reduction in strength
— Value numbering
— Constant propagation
— Dead variable elimination
— Code motions
— Test replacement
— Loop unrolling
— Register allocation techniques
— Program rearrangement to enhance instruction-level parallelism
— Gathering operations into more complex
operations
Given that so little had been published in the
area, it is not possible to know who besides
Jack, Cocke, and Allen might have invented some
of the techniques listed. IBM Research was the
industrial hotbed of compiler optimization, and
with Jack’s leadership, Courant quickly became
the academic hotbed. Under Jack and Cocke’s
supervision, Ken Kennedy furthered the work in
global analysis in his Courant PhD, then went off
to Rice, where he led what was (and is) the most
productive group in the world doing compiler
backend research. Josh Fisher’s work at Courant
on program rearrangement to enhance instructionlevel parallelism led to the development of VLIW
architectures and the invention of instruction-level
parallelism as a subject rather than a smattering of
techniques. And in between those two, and beyond,
optimization techniques have grown, usually in
ways directly traceable to Courant and to dog-eared
copies of Cocke and Schwartz.
A large percentage of modern processor performance is due to the effect of compiler optimization,
though, unlike the more glamorous hardware technology, it remains invisible to most people. And
every performance-oriented compiler written since
the report was published has used these techniques, usually in much the manner first laid out
in Cocke and Schwartz.

Peter D. Lax
Jack Schwartz had the most powerful mind of
anyone I knew, except for John von Neumann.
These two had in common a fantastic ability to
learn new subjects extremely rapidly, and both
had an incredibly wide range of interest. When
Jack retired from the Department of Mathematics
to lead the newly created Department of Computer
Science, he related to me that when he came to
the Courant Institute he had decided to teach all
courses listed in our bulletin and that he had
carried out his plan. When I pointed out that there
Peter D. Lax is professor emeritus of the Courant Institute.
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must have been some subjects about which he
knew little or nothing, he replied that in those
cases he took out, the summer before, the leading
texts on the subject and learned it. When I asked
him if there was a subject he had trouble learning,
he admitted that there was, namely, fluid dynamics.
“It is not a subject that can be expressed in terms
of theorems and their proofs,” he said.
Jack first came to the attention of the mathematical community as the coauthor of “DunfordSchwartz,” an impressive exposition of functional
analysis. It is much more than a compilation and
organization of known material; there is much
original work in it. A striking example is the
theorem that the trace of a trace-class operator in
Hilbert space is the sum of its eigenvalues. This
theorem and its proof are presented in volume 2,
but no attribution is given to Lidskii, to whom it
is due. Since “Dunford-Schwartz” is compulsive
about giving references, this was mystifying. The
explanation is that volume 2 came out before the
publication of Lidskii’s paper: Jack had proved the
result independently.
Jack made valuable contributions to the theory
of operator algebras, a subject founded by von
Neumann and Murray. Jack described von Neumann’s work as “coming repeatedly to a stone wall
and crashing through it.”
Jack had a delicious sense of humor. In a paper
titled “The pernicious influence of mathematics
on science” he starts with the observation that
“computer intelligence” has three major shortcomings: single-mindedness, literal-mindedness,
and simple-mindedness. He then makes the point
that mathematics also has these shortcomings,
although to a lesser extent. As an example he points
to the claim that the Birkhoff ergodic theorem is
the basis of the foundation of statistical mechanics
and then neatly demolishes the claim.
As another example, Jack quotes Keynes’s criticism of some mathematical economics as “…a mere
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Louis Nirenberg
I first met Jack Schwartz when he and Nelson
Dunford came to visit New York University for
some months. They were writing their magnificent
magnum opus on linear operators at the time and
Jack gave a series of talks on some of the material.
Everyone was bowled over by the brilliance, clarity,
and depth of the lectures. Sometime after they
returned to Yale I was invited to give a talk there.
I spoke about my thesis, and Jack understood
everything I had done immediately, before I could
finish describing it. When I returned to New York I
urged Courant to hire him, so I might have played
a small role in Jack’s coming to NYU.
Jack had an incredible mind, and he read
mathematics the way most of us read fiction. Peter
Lax was once visiting Stanford and went to see Jack,
who had arrived the night before. Jack greeted
him by saying, “Have you something to read? I’ve
already read the corn flakes box three times.” He
taught an enormous variety of courses and even
wrote a book on the theory of money. With all
his brilliance he was always very unassuming. Our
research did not overlap much, so I did not follow
his work.

Photo courtesy of NYU Publicity for Courant.

Photo courtesy of NYU Publicity for Courant.

Jack and Peter Lax.

concoction, as imprecise as the initial assumptions
they rest on, which allow the author to lose sight
of the complexities and interdependencies of the
real world in a maze of pretensions and unhelpful
symbols.”
Hans Bethe once remarked, only half in jest, that
von Neumann’s brain was an upward mutation of
the human brain. The same could have been said
about Jack. We shall not see the like of him for a
long time.

Louis Nirenberg at the blackboard.

When he left mathematics for computer science
it was a great gain for computer science, but
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I considered it a great loss for mathematics.
Afterwards we did not have so much contact, but
in the last years of his life we met occasionally
for lunch. He would choose the restaurant—often
with undistinguished food. Well, nobody’s perfect!
It was always a great pleasure to meet with him.
We would talk about everything under the sun. On
occasion he would show me the latest addition to
his collection of African sculpture. I miss him a lot.

Wai-Mee Ching
Personal Recollection
Since my thesis work in von Neumann algebras
followed that of Jack’s in that area, I came to
know him before I left Toronto, and he was my
mentor since I finished my PhD forty-five years
ago. Jack had a decisive influence on my career.
Fairly early he encouraged me to explore computer
science. Later, when I began to learn compiler
construction, I asked him how to get a solid grip on
the subject. He immediately asked Ed Schonberg
to print out for me a copy of N. Wirth’s Pascal
compiler source code. This dive into the details of
well-constructed source code was of great benefit. I
also studied the lecture notes Jack had coauthored
with John Cocke on compiler optimization, which
has been an authoritative source of compiler
techniques for a long while. I followed his early
interests in the implementation of very high-level
programming languages (SETL in his case, APL in
mine) and concrete realization of parallelism (the
ultra-computer and IBM’s experimental RP3 shared
memory MIMD computer in his case, and automatic
parallelization of array-oriented programs in mine).
Jack had a strong interest in Chinese culture
and civilization, and he clearly had spent time
studying Chinese language and history. Jack told
me that he had learned to read basic Chinese
text on his own but had not learned to speak
or write Chinese. He had remarkable insights
into contemporary Chinese politics and their
historical development. During the late 1960s
and early 1970s, at the height of the Cultural
Revolution, the conventional understanding of
“progressive” intellectuals in the West about that
upheaval in China, which was particularly brutal
in its persecution of intellectuals, was that it
represented Chairman Mao’s last revolutionary
effort to achieve a utopian society in China. Jack
said this had nothing to do with pursuing an
idealistic society but was simply a power struggle
instigated by an old man who wanted to grab
back total control from his comrades. Today Jack’s
understanding of the event is the consensus in
China, although the official version of this period
is vaguely referred to as Mao’s mistakes in his old
age. Jack was not ideological, but he said that Marx
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was simply a very angry man, not a founder of a
“scientific” system, just as Karl Popper pointed out
that what cannot be falsified is pseudo-science.
Jack gave a talk one evening around 1970 on
major changes in Chinese civilization, sponsored
by the New York Academy of Arts and Science,
and asked me to attend. The theme of his talk
was that the Mongols’ rule of China (the Yuan
dynasty lasted only ninety years) is an inflection
point in Chinese history: it significantly brutalized
Chinese civilization. As far as I know, Jack was the
first one who clearly advanced this point of view,
and it is a remarkable insight into the historical
development of Chinese society. Indeed, there is a
stark difference between the ways the emperors
in the Song dynasty, which preceded the Yuang
dynasty, and the Ming dynasty, which succeeded
the Yuang dynasty, treated officials or subjects
regarded as nonsubservient. The first emperor
of the Ming dynasty, whom Mao admired, was
extremely brutal in his purge of generals and
officers who helped him establish his regime. A
noted historian and vice-mayor of Beijing who wrote
a critical biography of that emperor was thrown
into jail at the start of the Cultural Revolution and
died in prison. One is left to wonder how Jack
could have had enough time to go through such a
huge amount of material as to gain such a deep
understanding of Chinese history—certainly not a
scientific project!
Jack and I also discussed the great achievements
of Chinese mathematicians before and after 1949
and those from mainland China, Taiwan, and Hong
Kong. He remarked that for people from the same
ethnic group, a less authoritarian environment
had a better chance to produce outstanding
mathematicians. He told me of the time he gave
a talk to a group of high school students, and
many of them asked him questions, with great
confidence in themselves, oblivious to the fact that
they were addressing a member of the National
Academy of Sciences. In his opinion, only those
young people who are not afraid of challenging
authority would be able to produce original results
in mathematics and science and the abundance of
such young people is the strength of the United
States.

Paul M. Willig
I came to Courant in 1963. By 1967 I had passed my
orals and had been working for a while under Jack
on group representations without making much
progress. I have to give credit to my mother (not
exactly in these words, but this gives the general
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idea) that I should go and talk to Jack about finding
an area in which I could get my thesis done and
get on with my life. I was encouraged by the fact
that another student told me that he had had the
same experience and that Jack had found a topic
for him such as I was looking for.
As a result, I spoke to Jack, and he said that
he would give the matter some thought. After a
few days, he gave me his book on W ∗ -algebras
to read and said he had some ideas for a thesis.
I saw right away that this was a good fit, as it
combined algebra and analysis, my two interests.
After I read the book, Jack explained his ideas
for a thesis. There is a general plan in studying
mathematical objects to reduce their study to that
of “simple” objects in some sense: for example,
simple groups in group theory. In W ∗ -algebras the
simple objects are called factors. Von Neumann
wrote a major paper proving that any W ∗ -algebra
can be represented as a direct integral of factors, a
measure-theoretic concept. Jack’s idea was to show
that a W ∗ -algebra had a specific property if and
only if all the factors in the decomposition had the
same property. It is worth mentioning that Jack
himself had recently contributed to advancing the
state of knowledge about factors, the first advance
in a number of years.
I got to work right away and wrote my thesis
in a reasonable time. I left NYU in 1968 and went
to teach at Stevens Institute of Technology. Jack
was very accessible while I was working for him,
although I must say that once he had explained
his idea, I didn’t need much further assistance. It
turned out to be a good field for me, as I wrote
(sometimes jointly) about a dozen papers over the
next ten years.
After I completed my thesis, Jack remained
interested in the subject of factors. He introduced
me to Sal Anastasio, another former student of his,
and encouraged us to write a monograph on recent
work on factors. He not only suggested writing the
book but also found us a second publisher after
the first publisher we dealt with went bankrupt.
I would also like to mention one incident that
took place while I was writing my thesis. I was
taking a walk in the West Village on my lunch
break and was thinking about something I was
trying to prove. As a result, I walked right past
Jack and some companions! Jack said “hello” and I
apologized and told him that I had been “attacking
gamma” (a property of some W ∗ -algebras). Jack
said it sounded as though I was writing science
fiction. He was not insulted and put me at ease
with this quip.
I have only good feelings about working with
Jack. Despite his great mathematical abilities
and reputation, which could have led Jack to be
conceited and aloof, he was a real and caring
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Jack and granddaughter, Adrienne Fainman,
1993. Photo taken by Diana Schwartz.

Jack serving his famous spaghetti to niece
Rachael Robinson and nephew Jonathan
Robinson. Photo taken by Diana Schwartz.

person who touched the lives of his students in
many positive ways.
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Horacio Porta
In the fall of 1963 I arrived at the Courant Institute as a nontypical first-year graduate student:
I had already completed basic courses such as
Measure Theory, Topology, Functional Analysis,
Partial Differential Equations, etc., as requirements
for my Licenciado en matemàtica at the Universidad de Buenos Aires. Consequently, I immediately
enrolled in Lipman Bers’s course in several complex variables and, most significantly, Nonlinear
Functional Analysis with Jack Schwartz. A few
weeks into the course, Jack proposed that Hector
Fattorini, Ricardo Nirenberg, and I, close friends
from our university days in Argentina, write up
lecture notes for the course. These notes were
produced by a combination of careful reflection
and rocambolesque writing sessions. Jack reviewed
our notes, and, little by little, a complete record
of the course came into existence. We three had
found it a wonderful experience to have a great
mathematician be patient with unruly young beginners. Our hope was that our notes would preserve,
in print, the outstanding clarity of Jack’s verbal
expositions. Our expectation was that these notes
would be printed as Courant Institute Lecture
Notes, but in fact they were ultimately published
as the text Nonlinear Functional Analysis (Gordon
& Breach, 1969).
Meanwhile, Jack had indicated to me that he
would be happy to be my thesis advisor. This
sounded wonderful to me, but kind of scary. Of
course, I accepted gratefully, and soon after Jack
gave me reprints of his papers on factors in
W ∗ -algebras and said, “See if you can continue
this.” I had studied all I thought I needed to know
about W ∗ -algebras, but I couldn’t add a word to
his papers. When Powers gave the subject a big
push, publishing what I was not clever enough to
do, I knew this was not going to be my source
of fame! But, no matter. One day, Jack gave me
a sheet of paper with some results, adding that
he had had the chance to work a little over the
weekend and that I should see what I could do
with it. After some study of his notes, I was able
to add details and some corollaries, which met
with his approval. He then gave me a few pointers
to continue with, and eventually this became my
thesis. Since the core of my work was what he had
written on that single sheet of paper, we agreed,
to my great pleasure, that we should publish
it as a joint paper. I began preparing a draft,
submitting it periodically to him for his scrutiny,
and eventually it passed muster and was submitted
to and eventually published in the Communications
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of Pure and Applied Mathematics. Thus it became
true that Jack Schwartz and I were coauthors of a
joint paper. Although I had previously, while still
in Argentina, published a paper on logic in the
Compte Rendu, and had relished the experience
of seeing my name in print, there was a special
exhilaration in this case!
When my dissertation was accepted in the
summer of 1966 and my PhD was conferred, it was
time to look for a position. One day I bumped into
“Gianco”, Jack’s first doctoral student, Gian Carlo
Rota. He suggested that I apply to the University
of Illinois in Urbana since Jacques Dixmier, one
of the leading workers in the field of W ∗ -algebras,
was going to be visiting there. I did so and they
gave me a one-year non-tenure-track position as an
instructor. Alas, however, the Milanese-Ecuadorian
Rota had imprecise notions of American Midwest
geography: Dixmier was in Indiana, not Urbana,
and at Purdue, not Illinois! In 1989, still at Urbana,
Jerry Uhl and I introduced a course called Calculus
and Mathematica, which we wanted to make a clear,
thorough, and correct source for the learning of
calculus. We acknowledged that our approach had
been strongly influenced by Jack Schwartz.
These lessons, the book Nonlinear Functional
Analysis, and my joint paper with Jack gave me
great joy to work on, and they stand in my memory
at the top of the close to eighty publications that
I am guilty of, all of which originated with or
were influenced by Jack. I hope that some of these
details will indicate his solicitude for and influence
on his students and the generosity of his spirit.

Sal Anastasio
Although I was only a few years younger than Jack,
I was his student. I came late to mathematics, not
having studied calculus until I was twenty-four.
After having taught high school mathematics for
three years, I realized that I wanted to learn more
mathematics and ultimately teach college students.
So, after a few years of part-time study, I was
able, with the help of an NSF assistantship, to
become a full-time student at the Courant Institute.
When I took the oral comprehensive exams for
the PhD, Jack, known at that time mainly for his
major contributions to analysis, was not on my
analysis panel but on my algebra panel. (When
Jerry Berkowitz was setting up my panels he asked
me who had been my abstract algebra teacher.
When I said, “Professor Schwartz,” Jerry, obviously
not expecting that answer, said, “Well, of course,
Jack Schwartz knows everything.”)
I passed the oral comprehensive exams, answering almost every question to the apparent
satisfaction of the panel. But I came to realize
later that they had not pushed me very hard,
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throwing only medium-speed fast balls at me—no
tricky curves or sliders—whereas they sometimes
pushed the top students to the limit, apparently
having considered in advance that these students
were shoo-ins. When Jerry Berkowitz told me I
had passed, he added, “You should see Professor
Schwartz about doing a thesis with him.” Later on
I surmised that perhaps the panels were a little
dubious about me, but Jack, who had been my
instructor in several courses and with whom I had
participated in a seminar, may have said, “I know
this guy, and I think he is worth working with.”
Jack then gave me a problem in functional
analysis to work on. After a few weeks, I realized
that the problem was way beyond me. But before I
could go to see him about it, he phoned me and said
that he had a different problem for me, one in W ∗ algebras. Shortly afterwards, James Glimm, visiting
Courant at that time to work with Jack and others,
“happened” to stop by the graduate assistants’
room and suggested a certain area I might look
into. Jack must have known me well enough that,
given a push in the right direction, I would be
able to carry the ball on my own, which I did,
in good time with virtually no further assistance.
(Whenever I would show him a preliminary result
and its proof, before reading the proof he would
say, “Oh sure, that kind of result has to be true.”
And, incidentally, in 1963–64, whenever I stopped
by his office he would be immersed in books about
the vision of cats—he was apparently thinking of
pattern recognition.)
While completing my thesis, I spoke to Jack
about postdoctoral plans. I said that I understood
that to be a success I should look for a research
fellowship, but what I really wanted to do was to
find a college teaching position. He said, “Sal, there
are many successes.” So off I went to a forty-year
career as a college teacher. My entire research
output during that long expanse was three papers
and, with Paul Willig, another of Jack’s students, a
short book suggested to us by Jack as a sequel to
his own text on W ∗ -algebras.
It is worth commenting on this book. Jack
suggested to Paul and me that we collate the flurry
of new results in W ∗ -algebras which had appeared
since his text had been published, presenting them
in a coherent way, tying up the loose ends. In Jack’s
seminar he had re-proved one of the major new
results in a simpler way. He gave us these notes
and permission to include them in our book. Not
only did he motivate us, but he arranged with a
friend of his who was opening a new press devoted
to science and mathematics to have it published.
At my college forty years ago, the publication of
that book was a great asset in my promotion to
professor.
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Jack and wife, Diana, in Red Square, Moscow,
1990. Photo taken by Nikita Vvedenskaya.

Now to the heart of this tribute to Jack. For the
last twenty years or so of my teaching career, I was
particularly involved with teaching and advising
prospective high school mathematics teachers and
active high school teachers pursuing an MS in Ed
degree. Meanwhile, my wife was the director of one
of the New York State “Teacher Centers” (housed
on the SUNY-New Paltz campus, but responsible
for several neighboring counties). In her work she
came into contact with many mathematics teachers
in neighboring high schools. They told her that I
was an excellent teacher, that I had made a great
difference in their own mathematical training, and
that they tried to imitate my teaching methods in
their own teaching. So, although it is quite clear
that I was not much of a researcher, it appears
that I was a good teacher of mathematics teachers.
It then occurred to me: “I must write to Jack. If it
had not been for him, I might well not have been
in a position to influence so many high school
teachers. I should let him know that I believed that,
thanks to him, the quality of mathematics teaching
in and around the Hudson Valley was raised a
notch or two.” I think he would have considered
this one of his “many successes.” Sadly, I never
wrote that letter. This, then, is a belated tribute
and expression of gratitude.
Finally, I would like to recount two episodes, the
first of which is quintessential Jack Schwartz and
the second an example of his scientific prescience.
In her lovely reminiscence of Jack given at his
Courant memorial, his sister, Judith, spoke of
how Jack seemed to think that everyone, she in
particular, was capable of doing what he could do.
I experienced this myself in the mid-1970s when I
had a sabbatical and spent a few days a week at
Courant. Along with what turned out to be a futile
attempt to “get back into research,” I decided to
learn some computer science. Accordingly, I
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taught myself FORTRAN over the summer and
then planned to attend a few courses in computer
science. When I spoke to Jack of my plans, he
immediately suggested a project for me. One of
his PhD students in computer science had recently
finished a 700-page thesis on parsing algorithms.
Jack said it could be a valuable resource for
students if it were made more “user friendly” and,
“Sal, since you are good at exposition, why don’t
you take it and see what you can do with it.”
Remember, I knew less about computer science
than a student out of Comp Sci 101. I had never
heard the phrase “parsing algorithms.” After
preparing myself for the project by reading a
fundamental text on the subject and beginning
to read the thesis, I suggested to Jack that
adding some examples would be helpful. Jack’s
response: “Well, OK, but I don’t find examples
helpful myself—they just get in the way.” In the
end I learned a bit about parsing algorithms but
never got beyond the first eighty pages of the thesis.

Jack’s favorite reading chair, 70 East 10th Street,
NYC, 2007. Photo taken by Diana Schwartz.

As to his scientific prescience: In 1963 I was
Jack’s assistant in a survey course for high school
mathematics teachers. Among the topics he treated
was an introduction to computers. The Courant
Institute had a CDC computer, one of the biggest
and fastest in the world at that time. It took
up most of the second floor of the mathematics
building. When he concluded his last lecture on
the topic, Jack said to the class, “I predict that in
your lifetime you will see a computer, better and
faster than our CDC—and it will fit in a shoebox.”
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Interview with
Edward Witten
Hirosi Ooguri
This is a slightly edited version of an interview with Edward Witten that appeared in the
December 2014 issue of Kavli IPMU News, the news publication of the Kavli Institute for
the Physics and Mathematics of the Universe (IPMU). An abridged Japanese translation
has also appeared in the April and May 2015 issues of Sugaku Seminar, the popular
mathematics magazine. The interview is published here with permission of the Kavli
IPMU.
The interview took place in November 2014 on the occasion of Witten’s receipt of the
2014 Kyoto Prize in Basic Sciences. Witten is Charles Simonyi Professor in the School of
Natural Sciences at the Institute for Advanced Study in Princeton. Yukinobu Toda and
Masahito Yamazaki, two junior faculty members of the Kavli IPMU, also participated in
the interview.

Ooguri: First I would like to congratulate Edward on
his Kyoto Prize. Every four years, the Kyoto Prize in
Basic Sciences is given in the field of mathematical
sciences, and this is the first prize in this category
awarded to a physicist.
Witten: Well, I can tell you I’m deeply honored
to have this prize.
Ooguri: It is wonderful that your work in the
area at the interface of mathematics and physics
has been recognized as some of the most important
progress in mathematics as well as in physics. For
those of us working in this area, this is also very
gratifying.
Witten: Actually, in my acceptance speech a
couple of days ago, I remarked that I regard it also
as a recognition of the field, not just of me.

Generalizing Chern-Simons
Ooguri: This conversation will appear as an article
in the Japanese magazine, Sugaku Seminar, as
Hirosi Ooguri is Fred Kavli Professor of Theoretical Physics
and Mathematics, the director of the Walter Burke Institute
for Theoretical Physics, and the deputy chair of the Division
of Physics, Mathematics and Astronomy at the California
Institute of Technology. He is also a principal investigator of
the Kavli Institute for the Physics and Mathematics of the
Universe at the University of Tokyo. His email address is
ooguri@theory.caltech.edu.
All photos provided by and used with permission of Kavli
IPMU.
DOI: http://dx.doi.org/10.1090/noti1248
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well as in the Kavli IPMU
News. You have already
given two interviews for
Sugaku Seminar. In 1990,
at the International Congress of Mathematicians
in Kyoto, you received the
Fields Medal. On that occasion, Tohru Eguchi had
an interview with you. You
also had a discussion with
Vaughan Jones, another
Fields Medalist at the congress, and I remember
you expressed interest in
generalizing your work in
the Chern-Simons theory
with a spectral parameter,
which is very natural from Edward Witten.
the point of view of integrable models.
Witten: Yes, I very much wanted to find an
explanation along these lines of the “integrability”
that makes it possible to get exact solutions of
two-dimensional lattice models such as the Ising
model. I was completely unsuccessful, but just in
the last couple of years, something in the spirit of
what I wanted to do was done by Kevin Costello.
Ooguri: We were just talking about Costello’s
work before you arrived here. Do you think that it
achieved what you wanted to do at that time?
Witten: Yes. Integrable models have many facets,
and there is no one way to understand everything.
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But I would say that specifically the kind of
explanation I was looking for is what Costello
found. What Costello did involves a very simple
but beautiful twist on the three-dimensional ChernSimons theory, in which he simply replaced one of
the three real dimensions of space by a complex
variable z.
Ooguri: It means going to four dimensions.
Witten: This is a four-dimensional world with
two real coordinates and a complex coordinate z.
Costello defined a 4-form, which was the wedge
product of the Chern-Simons 3-form with the
1-form dz. He studied this as the action of a fourdimensional theory. There is a crucial technical
detail: for this theory to make any sense, the
differential operator that is obtained by linearizing
the equations of motion must be elliptic modulo the
gauge group. I think that this is a little surprising,
but it is true. And given that, he then has a
generalization of the Chern-Simons theory that
does not have the full three-dimensional symmetry,
but it does have a complex variable, namely z.
If you think carefully, you will see that integrability, the Yang-Baxter equation, involves
two-dimensional symmetry but not really threedimensional symmetry. The reason I was unable
to incorporate the spectral parameter was that I
was working in the context of three-dimensional
topological field theory. In three-dimensional topological field theory, in addition to the moves where
knots cross—that is, in addition to the Yang-Baxter
relation—you have further relations involving creation and annihilation. There are Reidemeister
moves that are valid in topological field theory but
are not relevant for integrable systems. I couldn’t
find the spectral parameter because I was trying to
use topological field theory. Costello made a very
simple twist, replacing a real variable by a complex
variable, and then everything worked beautifully.
I definitely regard that as the explanation I was
trying to find, unsuccessfully, around 1990.
Ooguri: I see. So, after twenty-three years, finally
your question was answered.
At the time of your second visit to Kyoto in 1994,
you were just finishing your work on the SeibergWitten theory and also the Vafa-Witten theory. I
remember a discussion session we had at the Research Institute of Mathematical Sciences, Kyoto
University, with you and Hiraku Nakajima, where
Nakajima explained his work on the action of an
affine Lie algebra on the cohomology of the moduli
space of instantons. In the second interview you had
with Tohru Eguchi for Sugaku Seminar, you mentioned progress in mirror symmetry and S-duality
at the time and expressed a hope of a more unified
view on duality encompassing gauge theory and
string theory. Some of this hope has been achieved
in the last twenty years, I think.
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Witten: Definitely some of it has been achieved.
One thing that was achieved in the couple of years
after that second interview was simply that there
emerged a picture of nonperturbative dualities in
string theory, generalizing what happens in field
theory. However, there are other aspects that are
still mysterious and not clearly understood.
On the bright side, the fact that four-dimensional
gauge dualities and a lot of dualities in lower
dimensions come from the existence of a sixdimensional conformal field theory is a major
insight in understanding dualities better. We
haven’t gotten to the bottom of things because
we don’t really understand the six-dimensional
theory, but just knowing that the matter should be
understood in terms of the properties of the sixdimensional theory is an advance in understanding
duality that certainly wasn’t there at the time of
this last interview.

I Was a Skeptic about Duality
Ooguri: I should introduce our discussants today.
Yukinobu Toda is a mathematician and an associate
professor at the Kavli IPMU, and he received his
PhD in 2006. Masahito Yamazaki is a physicist and
a new assistant professor at the Kavli IPMU, and
he received his PhD in 2010. They represent the
young generation of mathematicians and physicists
working at the interface of string theory and gauge
theory.
At your Kyoto Prize Commemorative Lecture,
you reviewed your career in theoretical physics.
You entered graduate school in 1973, when the
asymptotic freedom was just theoretically being
discovered. You came to Japan the second time in
1994 and gave the interview we were just talking
about, and it was roughly twenty years after you
started in graduate school. Another twenty years
have passed since that time, so I thought we should
start by trying to catch up with the second twenty
years of your career and see what your thoughts
have been on some of the most important progress.
We have already started to talk about some of
the developments since the interview in 1994, but
maybe you can expand on that and tell us what you
think have been the highlights in this area in the
last twenty years.
Witten: Certainly one of the highlights has been
the understanding of nonperturbative dualities
in string theory, as a result of which we have
a much wider picture of what string theory
is. In 1994 we knew about mirror symmetry
and other two-dimensional dualities that arise in
string perturbation theory, and we were really
just beginning to think that there are similar
dualities in space-time: four-dimensional gauge
theory dualities that are analogous to the twodimensional dualities. But in 1994 it was really just
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a guess that something analogous might happen
in string theory.
By this time there were clues in the literature,
and a number of new ones had been discovered in
the early 1990s. The clue that influenced me the
most was the work of John Schwarz and Ashoke Sen,
who showed that the low-energy effective action of
the heterotic string on a six-torus had properties
consistent with the existence of a nonperturbative
SL(2, Z) duality. They didn’t have what I regarded
as really decisive evidence for that conjecture, but
their ideas were very suggestive.
It still was not clear to me how one could find
decisive evidence for nonperturbative dualities in
space-time. At least to me, the first such evidence
appeared in a short but brilliant paper by Ashoke
Sen on a two monopole bound state in N = 4 super
Yang-Mills theory. To me, that was fundamentally
new evidence for the Montonen-Olive duality
conjecture. It convinced me that the duality had to
be right and, equally important, it convinced me
that it was possible to understand it better.
Ooguri: I thought that Sen’s paper gave strong
evidence for the S-duality, but it was your paper
with Vafa that convinced us.
Witten: Thank you. Sen’s paper showed that
you could actually go well beyond the suggestive
but somewhat limited arguments about electricmagnetic duality that had been known and learn
something fundamentally new. Until Sen’s paper, I
had felt that what we understood about electricmagnetic duality, even the work of Sen and
Schwarz, which had definitely influenced me, was
in the framework of what Montonen and Olive
had understood twenty years before. But Sen
did a simple and elegant calculation, finding a
bound state of two monopoles whose existence
was predicted by the duality. That inspired me to
believe that one could do more.
With this inspiration, and trying to find more
evidence for the duality conjectures, Cumrun Vafa
and I started to study the Euler characteristics of
instanton moduli spaces. It was not too hard to see
that electric-magnetic duality of supersymmetric
Yang-Mills theory implied that the generating
function of those Euler characteristics should be a
modular function. Luckily for us, mathematicians
in a number of cases—and this includes the
work of Nakajima that you mentioned before—
had computed these Euler characteristics or had
obtained closely related results from which the
Euler characteristics could be understood. We
found that the expected modularity held in all
cases. (In one case—the four-manifold CP2 —we
ran into a “mock modular form,” a concept that
was new to us at the time but has made many
subsequent appearances in gauge theory and string
theory.)
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Also during this period, Nathan Seiberg had
been using holomorphy as a tool to analyze the
dynamics of supersymmetric gauge theories. He
wanted to understand what happened in N = 2
theories. We started talking about it, and the Sen
paper inspired us to think that duality would play
a role. That was one of the clues that actually led to
our work on what became Seiberg-Witten theory.
Ooguri: It may be hard to believe for young people like Masahito Yamazaki or Yukinobu Toda, but
before 1994 S-duality, at least for me, was something very hard to believe. It was like a beautiful
dream. It would be nice to have, but you cannot
realistically hope that something like that could possibly happen. As I said, the first evidence was Sen’s
paper, and in some sense Edward’s work with Vafa
nailed it. After that, everybody believed it.
Masahito Yamazaki: That’s surprising, because
I thought that the paper of Claus Montonen and
David Olive is quite old. Were people skeptical about
the idea?
Witten: This might make you laugh, but I’ll tell
you my early history with the Montonen and Olive
paper. First of all, I hadn’t heard of it until I was
visiting Oxford at the end of 1977. Michael Atiyah
showed this paper to me and said I should go to
London to discuss it with Olive. So, I looked at
the paper and got in touch with David Olive and
arranged to visit him. But by the time I got to
London, I was pretty skeptical. Have you looked at
their original paper?
Masahito Yamazaki: Yes, I have.
Witten: In their original paper, they considered
a bosonic theory of a gauge field and a real
scalar (valued in the adjoint representation). They
assumed that the potential energy for the scalar
field is identically zero, and they found remarkable
formulas for particle masses that are valid precisely
in this case. Their proposal of electric-magnetic
duality was based on the fact that their mass
formula was symmetrical between electric and
magnetic charge.
However, I knew quantum field theory well
enough to know that saying that the potential
energy for the scalar field is zero is not a meaningful
statement quantum mechanically. If it were, we
would not have a gauge hierarchy problem in
particle physics. So, by the time I got to London
to see Olive, I definitely was a skeptic. But since
I was there to see him, I didn’t want to just
say that his idea was nonsense. We tried to
make sense out it. So we discussed it in the
context of supersymmetry, simply because with
supersymmetry the mass renormalization (and
even the full effective potential) of a scalar can
be zero. This was the only context in which it
seemed to me that the brilliant idea of Montonen
and Olive could make sense. By the end of the
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Ooguri and Witten.

day, we found that their formulas are valid in the
context of N = 2 supersymmetry. So we wrote a
paper on that, and it was quite a satisfying paper
to write, but I drew the wrong conclusion from
that paper. The conclusion I drew was that we
had explained their formulas without needing to
assume nonperturbative duality.
Ooguri: Right. That was the message I got by
reading your paper with Olive, too. The seemingly
miracle phenomenon was explained simply by
supersymmetry.
Witten: So at the time, and for many years after,
I felt that there was not really a lot of evidence for
nonperturbative duality in four dimensions.
Thus, to return to Masahito’s question, I was
a skeptic about electric-magnetic duality during
these years, but actually I was a skeptic on two
levels. One, I was skeptical that it was true, and two,
I was skeptical that you could really say anything
about it even if it were true.
To give a more complete picture, in the early
1990s there were various novel clues, some from
the work of people like Mike Duff, and also Curt
Callan, Jeff Harvey, and Andy Strominger, studying
solitons in string theory, and then also there
was the work of Sen and Schwarz that I already
mentioned. I remember that at the Strings 1993
meeting in Berkeley, John Schwarz was more
excited than I had ever seen him since January
1984. In January 1984, telling me about his latest
work with Michael Green, he said, “We are getting
close,” but I didn’t understand what he thought
he was getting close to. It turned out, however,
that that was a few months before they canceled
the anomalies. When John was so excited at the
Strings meeting at Berkeley, I decided that I had
better take him seriously.
If you had looked at it with the same skepticism
I had had since the Montonen and Olive paper, you
would have said that Sen and Schwarz were just
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discussing low energy physics and did not have
solid evidence about strong coupling behavior. But
John’s enthusiasm put enough of a dent in my
skepticism that I started looking more closely at
the papers of Duff and other authors on solitons
in string theory. At some point, I think in the fall
of 1993, Duff sent me an assortment of his papers,
and I took them to heart. I don’t remember right
now all of the papers on solitons in string theory
that I looked at during this period, but certainly
one important one was by Callan, Harvey, and
Strominger.
There is another part of the background to
this period that I should explain. Mike Duff,
Paul Townsend, and other physicists working on
supermembranes had spent a couple of years in the
mid-1980s saying that there should be a theory of
fundamental membranes analogous to the theory
of fundamental strings. That wasn’t convincing
for a large number of reasons. For one thing, a
three-manifold doesn’t have an Euler characteristic,
so there isn’t a topological expansion as there is
in string theory. Moreover, in three dimensions
there is no conformal invariance to help us make
sense of membrane theory; membrane theory is
nonrenormalizable just like general relativity.
There are all kinds of technical objections, but at
some point around 1990 or 1991, instead of trying
to think of membranes as fundamental objects,
people working in this area started thinking of
membranes and other p-branes as nonperturbative
objects that might exist in string theory. In general
terms, this idea did make sense. In more detail, the
situation was more complicated. If you actually
looked at the papers, some of them made a lot of
sense because they had a classical soliton solution
with good properties. (Even then, the solutions
usually had unusual properties that in some cases
were clues to later discoveries.) Other papers made
a little bit less sense, because the classical solution
involved a singularity that appeared in a region
in which the classical approximation wasn’t good.
But the idea of membranes as nonperturbative
soliton-like objects in string theory made a lot
of sense even if the details in some papers were
dubious. I was still a bit of a skeptic about what
one can do with this idea, but for reasons I’ve been
explaining, I was paying a lot more attention. And
that is actually why, when the Sen paper on the
two-monopole bound state came out, I was ready
to completely change my outlook.
Sen’s paper showed that one can do something
new about strong coupling, and it was clear that if
one had been inspired the way Sen was, one could
have done what he did ten or fifteen years before. So,
it showed that we had been missing opportunities.
That definitely changed the direction in my work. It
led to the paper with Vafa that you’ve been kindly
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mentioning, and it helped put Seiberg and me on
the right track for doing what we did in 1994 and
then…
Ooguri: This is a great story that shows that
chance favors the prepared mind, as Pasteur said.
After that, you even went to string dualities.

String Duality Revolution
Witten: By the end of 1994, we had the experience
of nonperturbative dualities in field theory both
in two dimensions and in four dimensions. In the
two-dimensional case, for example, if one studies
a sigma-model with Calabi-Yau target space (such
as is important in studying the compactification of
string theory), one finds that the quantum theory
can be extended far beyond the classical geometry
of the Calabi-Yau manifold. One finds a web of
phase transitions between different geometrical
and nongeometrical descriptions of the sigmamodel, which represent different semi-classical
limits of the theory. The Montonen-Olive duality
conjecture, as refined by later authors, said that
something similar happens in N = 4 super YangMills theory in four dimensions, and Seiberg and I
in 1994 had found something somewhat similar
for N = 2.
Certainly there was a dream that something
similar might happen in string theory. Not only
was there a dream, but there were a lot of papers
in which people had pointed out pieces of such
a story. I have already mentioned some of these
papers. Another important paper was written by
Chris Hull and Paul Townsend in the spring of
1995. They wanted to say that Type IIA superstring
theory is the same as M-theory on a circle. The
only thing they really didn’t do was to try to
make it more quantitative. There’s a potential
contradiction, which is that in Type IIA superstring
theory you don’t see eleven dimensions. But it turns
out, as I realized a little later, that this question
has a very simple answer. The eleven-dimensional
limit is a region of strong coupling from the point
of view of Type IIA superstring theory, and the
eleventh dimension isn’t visible for weak coupling.
It soon became clear that the same thing was
true in other cases. For example, one might hope
that Type I superstring theory and the SO(32)
heterotic string will be the same. There is an
obvious immediate contradiction: the theories
have the same massless spectrum and low energy
interactions, but beyond the low energy limit they
look completely different. The answer is simply
that if you match up the low energy field theories,
you will find that weak coupling in one is strong
coupling in the other.
Once one starts thinking along those lines,
it turns out that everything works. What were
the implications? This way of thinking certainly
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led to a more unified picture of what string
theory is. But very soon, there were further
developments showing that the traditional ways of
asking questions were probably inadequate. In the
1980s I was really convinced that in some sense
string theory should be based on a Lagrangian that
would generalize the Einstein-Hilbert Lagrangian
for gravity; it would have a symmetry group which
would generalize the diffeomorphism group. So
there would be a new classical theory of geometry—
with nonperturbative two-dimensional dualities
built in as classical symmetries. One would then
generate string theory by quantizing this classical
theory.
But by the early 1990s, there was a troublesome
detail that I personally did not pay much attention
to. In the moduli space of Calabi-Yau manifolds,
there is a variety of singularities. Some questions
involving such singularities had been important in
my own work.
Ooguri: You are referring to the work involving
linear sigma-models.
Witten: That is correct, and also my work (with
Harvey, Vafa, and Lance Dixon) on orbifolds. I had
been interested in cases in which the classical
geometry has a singularity but the quantum sigmamodel does not; these cases illustrate the difference
between ordinary geometry and its generalization
in the classical limit of string theory. What I had not
taken seriously is that in general, as one deforms
the moduli of a Calabi-Yau manifold, one can
find singularities of the classical geometry that
do also lead to singularities of the corresponding
sigma-model.
Such a singularity appears in string theory even
in the classical limit, so if you try to interpret string
theory as a classical theory that then gets quantized,
it looks like the classical theory has a singularity,
which is strange. I personally didn’t focus on
that question, but Strominger explained that such
a singularity actually reflects a nonperturbative
quantum effect. The singularity arises when a
charged black hole becomes massless, and it
shows that quantizing a classical theory can’t do
justice to string theory: there are nonperturbative
quantum effects even in what one might have
wanted to call the classical limit.
Ooguri: You say there’s no analogous result in
field theory, this is a genuinely string-theoretic phenomenon.
Witten: I think so.
Ooguri: So, did you think this was evidence that
there is no Lagrangian description in string theory?
Witten: It is evidence that you can’t fully do
justice to string theory in terms of quantizing a
classical theory. I don’t want to say that there isn’t
a classical theory, because I believe that from some
point of view there is.
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Ooguri: Yes, as an approximate description, but
you’re saying that you cannot start from classical
theory and apply a quantization procedure…
Witten: We can’t fully understand string theory by quantizing an underlying classical theory.
In some sense it is an intrinsically quantum
mechanical theory.
I don’t want to say you can’t derive string theory
by quantizing a classical theory, but you can’t fully
do justice to it that way, I think.
But let us remember that even in field theory,
Montonen-Olive duality means that the same theory
has different classical limits, showing that no one
classical limit is really distinguished.
Ooguri: But in that case, you have a Lagrangian
description.
Witten: Yes, in the Montonen-Olive case, one
has a classical Lagrangian, in fact many of them.
String theory is a little bit worse because even in
what you want to call the classical limit, there are
phenomena that you really can’t make much sense
of from the classical point of view.
Ultimately, Strominger’s work illuminated something I’d missed. In the talk I gave at the Strings
Conference in 1995 about nonperturbative dualities in string theory, and also in the corresponding
paper [“String theory dynamics in various dimensions”, arXiv:hep-th/9503124, Nuclear Physics B,
volume 443, issue 1–2, June 5, 1995, pages 85–126],
there was one detail that didn’t completely make
sense. Type IIA superstring theory on a K3 manifold was supposed to be dual to the heterotic string
on a four-torus, and in that context I could see that
enhanced gauge symmetry resulted from the K3
surface developing an ADE singularity. But an ADE
singularity in classical geometry is just an orbifold
singularity, and perturbation theory remains valid
in string theory at an orbifold. The orbifold does
not generate a nonperturbative gauge symmetry.
For a few months I was puzzled. Actually, I was
making a simple mistake which was corrected by
Paul Aspinwall in a paper that he wrote in the summer of 1995. Aspinwall explained the following:
In M-theory at an ADE singularity, you have only
the hyper-Kähler moduli, but in string theory at an
ADE singularity, there also are B-field moduli. The
conformal field theory becomes singular when the
B-field moduli are zero; the orbifold describes a
nonsingular situation in which the B-field moduli
are not zero.
When the B-field moduli vanish, there is a
breakdown of the classical description that’s
just analogous to what Strominger had shown
in his paper on the Calabi-Yau singularity. It
leads to enhanced gauge symmetry that, from the
standpoint of Type IIA superstring theory, has a
nonperturbative origin.
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Strominger had considered a charged black hole
that arises from a wrapped three-brane, while here
the relevant particle is a wrapped two-brane. But
the idea is similar.
Ooguri: So this was the beginning of the interaction between the gauge-theoretic idea and the
string-theoretic idea where non-Abelian, nonperturbative dynamics of gauge theory can emerge from
limits of string theory.
Witten: Right. Another important but extremely
simple paper that helped show the implications of
string theory for nonperturbative duality in gauge
theory was written by Michael Green in 1996. By
this time, Joe Polchinski and his collaborators had
basically shown that in modern language a system
of n parallel branes has U (n) gauge symmetry. I
had written a paper at the end of 1995 showing
why that was useful, but Green wrote a very simple
paper with the following observation. Type IIB
superstring theory has a nonperturbative duality
symmetry—a fact which we were convinced of by
this time—and on the other hand N = 4 super
Yang-Mills theory in four dimensions with gauge
group U (n) can arise from a system of n parallel D3branes in Type IIB superstring theory. Combining
these two facts and taking the low energy limit,
Green was able to deduce the Montonen-Olive
duality of N = 4 super Yang-Mills theory with
gauge group U (n). It is simply inherited from
the Type IIB superstring theory specialized to the
D3-branes. That was an important early example
of deducing a gauge theory duality from a string
theory duality.
Even before all of this had happened, Mike Duff
and Ramzi Khuri in 1993 had written a paper on
what they called string/string duality. They had
said there should be a self-dual string theory in
six dimensions that, looked at in two different
ways, would give electric-magnetic duality of gauge
theory in four dimensions. It was actually a brilliant
idea. The only trouble was they didn’t have an
example in which it worked.
I realized in mid-1995 that if one took the
heterotic/Type II duality on K3 and T 4 and
compactified on another two-torus, one would get
an example rather similar to what Duff and Khuri
had suggested. They had had in mind self-duality
of a string theory, but the example that I considered
was a duality between two different string theories.
Still, the idea was similar. By the end of 1995, Duff
and I and some other authors had an example
that followed even more precisely what had been
proposed two years before. That involved the
E8 × E8 heterotic string on a K3 surface with equal
instanton numbers in the two E8 ’s. In all of these
cases, one could deduce Montonen-Olive duality
from a string theory duality.
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As we’re talking, I remember more and more
papers from the years 1995–96 that were very
dramatic at that time but that were also, honestly,
pretty easy to do in most cases. I was reminded of
this yesterday by the lecture by Hiraku Nakajima
at the Kyoto Prize Workshop. Hiraku started by
kindly remembering three lectures I gave at the
Newton Institute in 1996. The lectures concerned
three papers that I had written (respectively with
coauthors Lev Rozansky, Ami Hanany, and Nathan
Seiberg). The papers fit together nicely. They were
fun to write, and the lectures were also fun to give.
But what stands out in my memory is that at that
time insights like that were more or less out on
the surface. It was quite a fun time to be working
in this field. I am hoping that, during my active
career, there will be another period like that.

Difference between Knowing What Is True
and Why It Is True
Yukinobu Toda: I am an algebraic geometer. I
was originally working on some classical aspects
of algebraic geometry, but I became interested in
some relationships between algebraic geometry and
string theory inspired by your work. You have been
discussing S-duality and modular forms. This was
surprising from a mathematical point of view—I
cannot see why modularity appears. Do you have
an insight about that from a mathematical point of
view?
Witten: Vafa and I, of course, had a reason,
which was the Montonen-Olive duality conjecture.
What we did was to show that modularity of a
certain generating function of Euler characteristics
is a kind of corollary of Montonen-Olive duality.
This is somewhat analogous to saying that some
statement in number theory follows from the
Riemann hypothesis. If somebody shows that
something follows from the Riemann hypothesis,
one may or may not view this as an explanation of
the statement in question, but at least it puts the
statement in a bigger framework. Montonen-Olive
duality provided an analogous bigger framework
in my work with Vafa, and soon afterwards there
was a still bigger framework, which was that the
Montonen-Olive duality follows from the existence
of a certain six-dimensional theory. It also follows
in various other ways from string theory dualities,
and I have mentioned a few of these constructions.
But most physicists would probably say the most
complete framework that we have for MontonenOlive duality is its relation to the six-dimension
theory.
Ooguri: Yukinobu was asking for some mathematical explanation. At that time, some hint of the
mathematical explanation was Nakajima’s work
about the symmetry of the moduli spaces of instantons. From the mathematical point of view, what the
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Vafa-Witten theory was computing were generating
functions of the Euler characteristics of instanton
moduli spaces.
Witten: Nakajima’s discovery of the affine Lie
algebras was a kind of proof and actually a miraculous discovery. But it still leaves one wondering
where the affine Lie algebra symmetry came from.
Yukinobu Toda: Right. After computations of
the Euler characteristics, we know that it’s a modular form, but we don’t know why it is modular, even
for the simplest example.
Witten: I completely agree. What you’re saying
is actually something I tried to say in my Commemorative Lecture for the Kyoto Prize. There is
a difference between knowing what is true and
knowing why it is true. In this case, you have a
mathematical proof, but you’re still asking why,
and physicists ultimately don’t know. All that we
can do is to offer bigger conjectures, of which this
is a manifestation. But we don’t really understand
the bigger conjectures.
Ooguri: In physicists’ perspective, this duality
has been geometrized as symmetry in six dimensions.
Witten: But the six-dimensional theory is pretty
mysterious.
Yukinobu Toda: Is it not difficult to understand the relationship between S-duality and
six-dimensional theory?
Ooguri: The relation is very clear, but then you
have to make sense of the six-dimensional theory
itself.
Witten: We actually know quite a lot about the
behavior of the six-dimensional theory, though we
do not understand much about how it should be
constructed or understood microscopically.
One of the deepest discoveries about the behavior of the six-dimensional theory was made by
Juan Maldacena in 1997. He showed that it could
be solved for large N in terms of supergravity
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(N refers to the rank of an SU(N) gauge group).
Unfortunately, the regime in which the theory is
solved by supergravity isn’t the same regime in
which we usually have to study it to understand
the questions you’re asking.
Ooguri: I understand that the large N limit is
not S-duality invariant.
Witten: Yes, that is correct. Maldacena’s solution
of the theory for large N works and makes
complete sense. It does not directly help us in
understanding Montonen-Olive duality, because it
involves studying the theory in a different region of
parameters that is not invariant under duality. Or,
to put it differently, if one tries to apply Maldacena’s
solution to understand Montonen-Olive duality,
one has to work in a region of parameters in which
the description that Maldacena gave is not useful.
But the existence and success of Maldacena’s
solution definitely increases the confidence of
physicists that the six-dimensional theory exists
and that all the canonical statements about it are
true, even though we don’t understand everything.
It’s a little bit like mathematicians discovering that
some new consequences of the Riemann hypothesis
are true. This gives one more confidence in the
Riemann hypothesis, but it doesn’t mean one
understands the Riemann hypothesis.
Ooguri: Yukinobu, what is your view on current
activities in physics? For example, yesterday Nakajima was saying that it took him eighteen years to
understand what Edward was doing in his lectures
in Cambridge, and Kenji Fukaya was saying that
sometimes he doesn’t understand even the statement because you don’t understand the right-hand
side and left-hand side of equations physicists write,
for example. You have been at the Kavli IPMU for
several years, interacting with physicists, so do you
have any perspective to offer…?
Yukinobu Toda: Of course, I don’t know anything about string theory, but sometimes I look at
papers and some calculations and try to translate
physics words into mathematics, say D-branes to
sheaves or BPS states to stable objects. Then I have
lots of things to learn from the physics side and
lots of problems to solve, although I don’t understand their physics origin. I also found that they
are related to the classical problem in algebraic
geometry.
Ooguri: You also attend string theory seminars.
What do you gain by attending them and interacting
with physicists?
Yukinobu Toda: I think there are many kinds
of people in string theory. Some people’s works are
close to me, like Donaldson-Thomas invariants and
derived category of coherent sheaves. In their seminars, I can learn something, but that is almost a
seminar of mathematics.
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Ooguri: A mathematician told me that physicists are like generating functions of conjectures.
Some physicists are more useful for mathematicians
than others. For example, Hiraku Nakajima was
telling me that he particularly likes Edward’s lectures, because even though he doesn’t understand
the motivations and where ideas come from, some
of the statements Edward makes have sharp mathematical meanings to them, just like the equation
that Tachikawa was quoting yesterday at the workshop, and these are something that mathematicians
can work on.
Masahito Yamazaki: But then sometimes people want to know the logic behind it. I can make a
statement that makes sense mathematically, and
mathematicians can try to prove it. But they definitely want to know what’s happening.
Witten: In any given case, I can’t guarantee that
there isn’t a simpler answer. But the view of most
physicists about many of the problems that we
have been discussing is going to be that the best
setting for these questions is in the quantum field
theories that are important in physics.

Quantum Entanglement
Ooguri: We are still discussing what was happening
in the 1990s. Now, we should move on to the new
millennium. What do you think have been highlights
in the past fourteen years?
Witten: Part of the answer is that the gaugegravity duality that was introduced by Maldacena
is very deep. Even today people are still discovering
interesting new facets of it. An important example
was the work of Shinsei Ryu and Tadashi Takayanagi
on entanglement entropy in gauge/gravity duality.
They discovered a really interesting generalization
of the Bekenstein-Hawking entropy of a black
hole. Although I have not personally worked on
this subject, the developments have been pretty
interesting and may contain deeper clues about
quantum gravity. If I could see the right way to
do this, then I would probably work in this area
myself, but at least so far I don’t. But it’s one of
the things I’d recommend watching most closely.
Apart from Ryu and Takayanagi, I also would
definitely recommend the papers of Horacio Casini,
in some cases coauthored with Marina Huerta. One
of these papers addressed the following question.
A black hole has a Bekenstein-Hawking entropy.
Roughly twenty years ago, Jacob Bekenstein considered the following question. Suppose an object
falls into a black hole. The object has an entropy.
When it falls into a black hole, its entropy disappears into the hole. The black hole gains mass
when it absorbs the object, so its entropy goes
up. The second law of thermodynamics says the
total entropy should increase in this process, so in
other words the black hole entropy increases by
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at least the entropy that the in-falling object had
before approaching the black hole. This tells you
basically that if an object has given energy and is
small enough to fit inside a black hole of given
mass, then there’s an upper bound to its entropy.
Bekenstein proposed such a bound, and people
called it the Bekenstein bound, but for a long time
no one could formulate precisely what this bound
was supposed to say.
I am reminded here of what Fukaya said about
the relationship between physics and mathematics,
where he remarked that it can be hard to formulate precisely the terms that enter some of the
statements made by physicists. In the case of the
Bekenstein bound, the situation was as follows. In
a situation in which the concepts (the size, energy,
and entropy of the in-falling object) have clear
meaning, the Bekenstein bound was trivially true
and not very interesting. For example, consider a
gas consisting of many particles bouncing around
in a box. Here the size of the system and its
energy and entropy all have a clear meaning. The
Bekenstein bound was true but not very interesting
because it was satisfied by a very wide margin. You
could ask, could you find a situation where the
Bekenstein bound is close to being saturated? You
can accomplish this by considering not a whole
gas of particles but a single particle in a box. More
exactly, this gets close to saturating the Bekenstein
bound if we can ignore the mass of the box, but
that is an unrealistic assumption. To get close to
saturating the Bekenstein bound, we really should
consider a single particle that at a given time is
almost certainly contained in a certain region in
space-time even though there is no box keeping it
there. (I say “almost certainly” because relativistic
quantum mechanics does not permit us to say
that a particle is definitely present in a given
region.) Here for a single particle, we can define its
energy, and we can identify (within general limits
of relativistic quantum mechanics) the region that
it is confined in, but it is hard to make sense of the
entropy of a single particle. For a long time, there
were many papers discussing this, many dozens
and probably hundreds of papers, for the most
part with limited insight. Then, there was a simple
and quite brilliant paper by Horacio Casini, who
showed that the right concept is entanglement entropy and that it can always be defined in a natural
way and does enter in a universal Bekenstein-like
bound. This paper was well ahead of the prevailing
thinking in the field, and it was a number of years,
I think, before people widely appreciated it.
Ooguri: For example, Casini’s paper solved the
species problem that I had been puzzled about for
some time and gave a convincing explanation that
it’s not an issue.
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Witten: There were what people thought were
counterexamples to the Bekenstein bound, and
so some people, and I was one, thought that if
the bound was true, it was a statement about
quantum field theories that can be coupled to
gravity, not about all quantum field theories. But
Casini showed that this was completely wrong.
He gave a precise meaning to all the terms that
entered the Bekenstein bounds, and he showed
that it was a universal statement of quantum field
theory that follows from general principles. That
was extremely illuminating and like other work on
entanglement entropy, one suspects it’s probably
an important clue, but it might take a younger
person than I with fresh thinking to see what it is
an important clue to.
I do want to mention one more contribution in
that direction, which is by Casini and Maldacena
with Rafael Bousso and Zachary Fisher (BCFM).
Years ago, Bousso had formulated a covariant
version of the Bekenstein bound; it is well adapted
to problems in cosmology. Everything I have said
about the Bekenstein bound has an analog for
the Bousso bound. When you understood what it
meant, it wasn’t very interesting, and when it was
interesting, you couldn’t understand what it meant.
In the recent work of BCFM, a precise formulation
and proof of the Bousso bound are given, at least
for quantum field theory in flat space-time.
Ooguri: I see that this new joint activity between
quantum gravity and quantum information theory
has become very exciting. Clearly entanglement
must have something to say about the emergence
of space-time in this context.
Witten: I hope so. I’m afraid it’s hard to work on,
so in fact, I’ve worked with more familiar kinds of
questions. I have spent a lot of the last decade or so
working on a succession of problems that probably
were a little bit more out of the mainstream than
most of my previous work. Also, I simply worked
on these problems much longer than I usually
worked on any one problem in the past. I guess
the three problems that best fit what I have just
said have been gauge theory and the geometric
Langlands program, gauge theory and Khovanov
homology, and superstring perturbation theory.
Superstring perturbation theory is best understood in terms of super Riemann surfaces. I should
say that much of my knowledge about super Riemann surfaces comes from things I have learned
from Pierre Deligne, both in the 1980s and more
recently. Super Riemann surfaces are a fascinating
generalization of ordinary Riemann surfaces to
include odd or anticommuting variables. There is
a fascinating algebro-geometric theory that was
partly developed in the 1980s and not pursued so
much since then. It would be great if it gets revived.
By the way, we are having a workshop in May 2015
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at the Simons Center for Geometry and Physics in
Stony Brook [Supermoduli, May 18–22, 2015], and
algebraic geometers might be interested in it.

Khovanov Homology
Masahito Yamazaki: I was attending your lecture
yesterday, and you were explaining how you came
to the idea that Khovanov homology can be written
as N = 4 super Yang-Mills integrated over an unusual integration cycle. One thing that impressed
me there was that your previous papers were the
crucial input, namely your work with Anton Kapustin in which you formulated the Kapustin-Witten
equation, and also subsequent work you did with
Davide Gaiotto on boundary conditions in N = 4
super Yang-Mills theory. When you worked on these
papers, did you already have in mind application
to Khovanov homology?
Witten: The answer is “no”: in those years, I knew
about Khovanov homology and I was frustrated to
not understand it, but I had no idea it was related
to geometric Langlands. I was frustrated at not
understanding Khovanov homology, because I felt
that my work on the Jones polynomial ought to be
a good starting point for understanding Khovanov
homology, but I just could not see how to proceed.
(From a mathematical point of view, Khovanov
homology is a refinement or “categorification” of
the Jones polynomial of a knot.) Actually, Sergei
Gukov, Albert Schwarz, and Vafa had already
given (in 2004) a physics-based interpretation of
Khovanov homology, drawing in part on earlier
work of Ooguri and Vafa. But I found it perplexing
and a little frustrating that the relation of this to
gauge theory was so indirect and remote. I wanted
to find a more direct route, but for several years I
found this difficult.
Eventually, however, some developments in the
mathematical literature helped me understand that
Khovanov homology should be understood using
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the same ingredients that are used to understand
geometric Langlands. I didn’t understand all of
these clues, but I learned from two of them.
One was the work of Dennis Gaitsgory on what
mathematicians call quantum geometric Langlands
(I am not sure this is the name a physicist would
use) showing that the q parameter of quantum
geometric Langlands is related to the q parameter
of quantum groups and the Jones polynomial.
The other was the work of Sabin Cautis and Joel
Kamnitzer constructing Khovanov homology using
a space of repeated Hecke modifications. I did not
initially know what to make of those clues, but
they were a sort of red flag hanging out there.
Hecke transformations are one of the most
important ingredients in geometric Langlands.
What they mean in terms of physics had bothered
me for a long time and eventually had been the last
major stumbling block in interpreting geometric
Langlands in terms of physics and gauge theory.
Finally, while on an airplane flying home from
Seattle, it struck me that a Hecke transformation
in the context of geometric Langlands is simply an
algebraic geometer’s way to describe the effects of
a “’t Hooft operator” of quantum gauge theory. I
had never worked with ’t Hooft operators, but they
were familiar to me, as they had been introduced in
the late 1970s as a tool in understanding quantum
gauge theory. The basics of how to work with
’t Hooft operators and what happens to them under
electric-magnetic duality were well known, so once
I could reinterpret Hecke transformations in terms
of ’t Hooft operators, many things were clearer to
me.
Cautis and Kamnitzer had interpreted Khovanov
homology in terms of the B-model of a space of
repeated Hecke transformations. Kamnitzer also
conjectured in another paper that there would be
an alternative description in terms of an A-model of
the same space. Technically, it was hard to find the
right A-model. I really wanted to understand the
A-model, because that was the approach in which
one could expect to achieve manifest three- or fourdimensional symmetry. My main goal in studying
Khovanov homology was to find a description with
manifest symmetry and a clear relationship to the
gauge theory description of the Jones polynomial.
I eventually succeeded in doing this. One of the
trickiest elements was that the gauge fields have
to obey a subtle boundary condition that I call the
Nahm pole boundary condition. (The basic idea that
leads to the Nahm pole boundary condition was
introduced by Werner Nahm more than thirty years
ago in his work on magnetic monopoles.) Luckily
for me, I was familiar with the Nahm pole boundary
condition and its role in electric-magnetic duality
because of work that I had done with Davide
Gaiotto a few years earlier.
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I suspect that the mathematics world could
appreciate my work on Khovanov homology in the
short to medium term and that the obstacle to this
is largely a lack of familiarity with the Nahm pole
boundary condition. With this in mind, I have been
working with Rafe Mazzeo trying to give a detailed
mathematical theory of that boundary condition.
We have written one paper formulating rigorously
the Nahm pole boundary condition in the absence
of knots, and we are trying to generalize this to
include the knots. The necessary inequalities are
available, but some details are not yet in place.
Masahito Yamazaki: I see. That’s a very nice
story of the physics-mathematics interaction. You
were partly motivated by the important papers in
mathematics and interpreted them as a physicist.
Then you have your own physics story and you are
now trying to bring it back to mathematics.
Witten: As I have mentioned, the version that
Cautis and Kamnitzer were actually able to understand was the B-model. Since it doesn’t have
manifest three-dimensional symmetry, I decided
to concentrate on the A-model, but if I ever have a
couple of months to spare, I would try to explain
as a physicist the Cautis and Kamnitzer B-model.
I’m reasonably optimistic I could do that and I
think it would be illuminating. The only problem is
that there are a lot of things like that—interesting
loose ends that I think I could clarify if I spend a
few months on them.

Langlands Correspondence and Gauge
Theory Dualities
Ooguri: That the Langlands correspondence has
something to do with S-duality was there even in the
late 1970s. When was it that you actually realized
the significance of it?
Witten: I didn’t give the complete explanation of
my interaction with Michael Atiyah in 1977. He told
me about two things that were new to me. One was
the Montonen-Olive paper and the other was the
Langlands correspondence, which plays a central
role in number theory but which I had never heard
of. He had noticed that the dual group of Langlands
and the dual group that enters the Montonen-Olive
conjecture (and which had been introduced earlier
by Peter Goddard, Jean Nuyts, and Olive) were the
same. On this basis, Atiyah suspected that the
Langlands correspondence has something to do
with the Montonen-Olive conjecture.
Ooguri: So that was in the late 1970s?
Witten: It was December of 1977 or January of
1978. That was when I visited Oxford for the first
time.
Ooguri: Did you take seriously already at that
time that the Langlands correspondence had something to do with this gauge theory dynamics?
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Witten: Well, I didn’t forget about it, but since, as
I already told you, I was skeptical about MontonenOlive duality, I didn’t seriously try to relate it to
Langlands duality and I didn’t try to learn what
Langlands duality was. I did not learn anything
more about these matters until the late 1980s. Then
I learned just superficially about the Langlands
correspondence. If one knows even a little bit about
the Langlands correspondence and a little bit about
conformal field theory on a Riemann surface, one
can see an analogy between them. I wrote a paper
that was motivated by that, but then I realized that
my understanding was too superficial to lead to
anything deep, so I abandoned the matter for a
number of years.
Ooguri: I remember when I was a postdoc at
the Institute for Advanced Study in 1988 and 1989,
Robert Langlands himself was actually quite interested in conformal field theory. I am not sure exactly
which aspect he was interested in, however.
Witten: I don’t think he was motivated by the
Langlands correspondence. But I think his work
was influential. Even though in a sense he didn’t
precisely make any major breakthrough himself,
he helped to find the questions that stimulated the
later development of Stochastic Loewner Evolution,
which has had a major impact on mathematics
and has even enlightened physicists about new
ways to think about some questions in conformal
field theory. I think Langlands was an influence
behind this work, but I do not believe his interest
in conformal field theory was motivated by the
Langlands correspondence or by gauge theory
dualities. This is my impression from interacting
with him over the years.
As I have already remarked, in the late 1980s,
after spending some time trying to develop the
analogy between conformal field theory and the
Langlands correspondence, I concluded reluctantly
that the analogy in the form I was developing
was way too superficial, so I stopped. But then
around 1990, I heard about new work of Alexander
Beilinson and Vladimir Drinfeld on the geometric Langlands correspondence. This had a few
consequences. First of all, it confirmed that my
understanding of what the duality would mean in
physics was way too superficial. What they had was
much more incisive and much more detailed than
my rather primitive analogy between the Langlands
correspondence and conformal field theory. Their
work confirmed that physics that I knew was
relevant. But I was troubled, because they were
using conformal field theory in a way that didn’t
make any sense to me. They studied conformal
field theory at negative integer levels—in physics
positive integers are more natural here—and used
it in ways that looked quite strange.
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Familiar Ingredients That Seemed Not to Fit
As I explained yesterday in my lecture at the
Kyoto Prize Symposium, for a number of years, the
“volume conjecture” concerning the Jones polynomial (formulated and developed starting around
2000 by Rinat Kashaev, Hitoshi Murakami, and Jun
Murakami, among others, and explained to me in
large part by Sergei Gukov) bothered me. Although
their statements bore a superficial resemblance to
physically well-motivated statements—in fact, to
statements that I myself had made in my original
paper on the Jones polynomial in 1988—there was
a crucial difference. They seemed to have complex critical points that made exponentially large
contributions, and this normally is not possible
in physics. I am not sure if this point bothered
anyone else, but it bothered me. It turned out that
this was a good question to think about, since
I eventually found a nice explanation, and this
was a turning point in enabling me to understand
Khovanov homology via gauge theory.
The work of Beilinson and Drinfeld on geometric
Langlands bothered me in much the same way.
They were using familiar ingredients of physics,
but they were using them in ways that did not
seem to fit. It looked like somebody had taken a
bunch of chess pieces, or perhaps here in Japan
I should say a bunch of shogi pieces, and placed
them on the board at random. The way that the
pieces were arranged did not make any sense to
me. That bothered me, but I could not do anything
about it.
Actually, the very little bit of what Beilinson and
Drinfeld were saying that I could understand made
me wonder if the work of Nigel Hitchin would be
relevant to them, so I pointed out to them Hitchin’s
paper in which he had constructed commuting
differential operators on the moduli space of
bundles on a curve. Differently put, Hitchin had in
a certain sense quantized the classical integrable
system that he had constructed a few years before.
Although I understood scarcely anything of what
Beilinson and Drinfeld were saying, I did put them
in touch with Hitchin’s work, and actually, in
their very long, unpublished foundational paper
on geometric Langlands that you can find on the
Web, Beilinson and Drinfeld acknowledged me very
generously, far overestimating how much I had
understood. All that had really happened was that
based on a guess, I told them about Hitchin’s work,
and then I think that made all kinds of things
obvious to them. Maybe they felt I knew some
of those things, but I didn’t. But anyway, there
were ample reasons in those years to think that
geometric Langlands had something to do with
physics, but as you can see I still couldn’t make
any sense out of it.
Ooguri: So, what inspired you to return to this?
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Witten: A decade later there was a workshop
at the Institute for Advanced Study on geometric
Langlands for physicists. Were you there?
Ooguri: I was invited, but there was a conflict of
schedule, so I couldn’t go. I missed it.
Witten: There were two long series of lectures
and then there were a couple of outliers. The long
series were very well done, but they did not help
me very much. Mark Goresky gave a long series
of lectures aiming to tell physicists what is the
Langlands correspondence. The only trouble for
me was that to the extent that one can explain this
topic in a couple of lectures, assuming essentially
no knowledge of algebra beyond the definition of
a field (in the algebraic sense), I was familiar with
the Langlands correspondence already. Namely, I
didn’t really know anything about it, but I knew as
much as one could explain in a few hours starting
from zero. So I couldn’t really get much out of
those lectures.
In addition, Ed Frenkel (who had been the prime
mover behind the occurrence of this workshop)
gave a series of lectures that, as far as I was
concerned, were basically about the shogi board
on which the pieces have been arranged at random.
I really couldn’t get much out of those lectures
either, because I already knew that people working
on the geometric Langlands were taking familiar
pieces from the shogi set and arranging them on
the board at random as far as I was concerned.
There were a couple of additional lectures that
weren’t part of any series. One of them was by
David Ben-Zvi. He told us about what was supposed
to be an approximation to the geometric Langlands
correspondence. I think he was talking largely about
the work of another mathematician, Dima Arinkin.
What was supposed to be the approximation to
the geometric Langlands correspondence was Tduality on the fibers of the Hitchin fibration. This
was described by Ben-Zvi in a complex structure
in which the fibers of the Hitchin fibration are
holomorphic, so the T-duality is a holomorphic
duality. It was already known to physicists that the
T-duality on the fibers of the Hitchin fibration comes
from Montonen-Olive duality in four dimensions,
and of course ever since Atiyah’s observations of
1977–78, I had been aware of the possibility that
some version of the Langlands correspondence
might be associated to Montonen-Olive duality. But
what about the fact that Ben-Zvi was only claiming
to deduce from T-duality an approximation to
geometric Langlands duality rather than the real
thing? At a certain point, I started to suspect that
the reason for this was simply that Ben-Zvi was
describing the situation in the wrong complex
structure. The idea was that the same T-duality of
Hitchin’s moduli space, viewed differently, would
give a mirror symmetry between a B-model in a
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certain complex structure and an A-model in a
certain symplectic structure. This mirror symmetry
was supposed to be the true geometric Langlands
duality, not the approximation. Actually, the reason
I started working on geometric Langlands with
Anton Kapustin was that he had studied generalized
complex geometry in two-dimensional dualities. In
that world, a family of dualities can degenerate,
and a mirror symmetry can degenerate to a
holomorphic duality.
When one starts thinking along these lines, it
soon makes a lot of sense that the geometric
Langlands duality is really a mirror symmetry,
which can degenerate to a holomorphic duality,
and that this is the approximation Ben-Zvi taught
us about. I became convinced that that had to be
right. There were still a few hurdles to overcome.
The most difficult one I already described earlier.
One does not get to first base with the Langlands
correspondence without Hecke operators, so it
was necessary to have a physical interpretation of
Hecke operators in terms of ’t Hooft operators of
gauge theory. It was also necessary to know how
to interpret the A-model of the cotangent bundle
of a complex manifold M in terms of differential
operators on M. This actually was fairly close to
things that Kapustin had done earlier. Once these
points were understood, it was pretty clear to me
as a physicist what geometric Langlands duality is.

I Felt Like I Discovered the Meaning of Life
and Couldn’t Explain It
But it was very hard to write a paper about it.
It took about a year. For that year, I felt like
someone who had discovered the meaning of life
and couldn’t explain it to anybody else. And in a
sense, I still feel that way for the following reason.
Physicists with a background in string theory or
gauge theory dualities can understand my paper
with Kapustin on geometric Langlands, but for
most physicists this topic is too detailed to be really
exciting. On the other hand, it is an exciting topic
for mathematicians but difficult to understand
because too much of the quantum field theory
and string theory background is unfamiliar (and
difficult to formulate rigorously). That paper with
Kapustin may unfortunately remain mysterious to
mathematicians for quite some time.
Masahito Yamazaki: Maybe that means that we
have to wait an extra ten or fifteen years before…
Witten: We indeed may have to. I think it’s
actually very difficult to see what advance in the near
term could make the gauge theory interpretation of
geometric Langlands accessible for mathematicians.
That’s actually one reason why I’m excited about
Khovanov homology. My approaches to Khovanov
homology and to geometric Langlands use many
of the same ingredients, but in the case of
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Khovanov homology, I think it is quite feasible that
mathematicians could understand this approach in
the near future if they get excited about it. I believe
it will be more accessible. If I had to bet, I think I
have a decent chance to live to see gauge theory and
Khovanov homology recognized and appreciated
by mathematicians, and I think I’d have to be
lucky to see that in the case of gauge theory and
the geometric Langlands correspondence—just a
personal guess.
Yokinobu Toda: Do you think your idea of the
S-duality and the geometric Langlands can be somehow applied to the honest Langlands program?
Witten: I see that as being far away. For me
personally, it’s a dream that eventually number
theory would make contact with physics sometime,
but I doubt it will be soon.
There are all kinds of areas where specific
number theory formulas appear in physics, and
these may be clues that the dream will come true
one day. But to really get me excited, somehow the
number theory would have to enter the physics
in a more structural way. I’m not that interested
in a specific formula that comes out of a physics
calculation in a more or less ad hoc fashion.
Number theory would have to be more integrated
with the physics to get me excited, and I don’t see
that happening soon.
In my work, I concentrated on the geometric
form of the Langlands correspondence because I
could see that there was hope to really understand
it in the context of the physics-based tools that
were at hand. There might be something like that
one day for the Langlands correspondence of
number theory, but probably a lot is missing, and
we do not know what has to happen first. I feel
that the reason I was able to make progress was
that my focus was much more narrow than trying
to understand the Langlands correspondence of
number theory.
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Yokinobu Toda: The relationship between Sduality and geometric Langlands was surprising to
me, as number theory seems to be a research area
far from physics.
Witten: Nevertheless, there have been many
developments which one day may be seen as
important clues. One of the deepest was started
roughly fifteen years ago by Savdeep Sethi and
Michael Green and then continued by Green with
many collaborators. In the original work, Sethi and
Green were trying to understand certain low energy
R 4 interactions in Type IIB superstring theory in
ten dimensions (here R is the Riemann tensor).
They made an amazing discovery, I would say:
the answer is given by a certain nonholomorphic
Eisenstein series of weight 3/2. Although my
knowledge of number theory is very superficial,
I think that this sort of thing is much closer to
the interests of modern number theorists than the
aspects of classical modular forms that usually
appear in two-dimensional conformal field theory.
Ooguri: Those objects which are not totally modular have also appeared in number theory.
Witten: That is correct. A lot of things that
number theorists like have appeared in physics,
and some have even appeared in my own work.
Plenty has been found to show that the physics
theories that we work on as string theorists are
interesting in number theory. These theories know
something about number theory, but personally
I don’t see an opportunity to really make contact
in a structural way with number theory in the
foreseeable future. I can’t even formulate what it
would mean to make such contact, so I can’t even
properly tell you what we can’t do but I think the
time is not right to do it.
Anyway, that’s why I personally concentrated on
geometric Langlands rather than on number theory,
and geometric Langlands was hard enough. It was a
lot of work to understand it, but I think that having
understood it, many things that mathematicians
do involving geometric aspects of representation
theory are much more accessible as part of physics.
For example, I did not understand what Hiraku
Nakajima explained yesterday at the Kyoto Prize
Workshop, but I think that an understanding might
involve some of the things that were clear after
working with geometric Langlands. I can’t promise,
but it is worth a try.
Just one obvious thing is that although Nakajima
did not have time to explain the whole picture,
at the end of his lecture he was telling us about
the affine Grassmannian. Isomorphism classes of
’t Hooft operators are associated to cycles in the
affine Grassmannian, so if a mathematician tells
you about the affine Grassmannian, you probably
want to think about at least part of what you are
hearing in terms of ’t Hooft operators. I can make
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no promises, but I feel it would definitely be worth
a try to understand what Nakajima was saying
from a physicist’s viewpoint.
I am sure, at any rate, that there is much more
that can and should be done to understand much
more of geometric representation theory from a
physical viewpoint. In fact, part of the original work
of Beilinson and Drinfeld on geometric Langlands
has still not been understood to my satisfaction.
Here I have in mind the use of conformal field
theory at what they call the critical level (level
−h, where h is the dual Coxeter number) to
construct the A-model dual of certain B-branes
(the ones that are associated to opers, in the
language of Beilinson and Drinfeld). Davide Gaiotto
and I obtained a few years ago a reasonable
understanding of what electric-magnetic duality
does to the variety of opers, but I still do not really
feel I understand its relation to conformal field
theory. However, in the last few years physicists
working on supersymmetric gauge theories in four
dimensions and their cousins in six dimensions
have made several discoveries involving the role
of conformal field theory at the critical level, so
the time may well be right to resolve this point.

How to Work with Mathematicians
Yokinobu Toda: I have a general question. What
kinds of problems should mathematicians work on?
Witten: Well, there are lots of problems that
algebraic geometers study that involve dualities
studied by physicists. In many of those cases, I
will not be able to give much advice, as I am not an
expert on recent developments. In some cases, I am
still struggling to understand things that physicists
did quite some time ago that are very relevant.
Just to give one example, the Gopakumar-Vafa and
Ooguri-Vafa formulas have been very influential
for algebraic geometers, but as a physicist, I was
never satisfied that I understood them. So I actually
spent a lot of time in the last year with a student
(Mykola Dedushenko) trying to understand these
formulas better. In this work, I was doing some of
the homework that I’d have to understand before
even trying to answer your question.
Ooguri: You will talk about it next week at the
Kavli IPMU [later published as a paper, “Some details on the Gopakumar-Vafa and Ooguri-Vafa formulas,” arXiv:1411.7108].
Witten: Going back to Yukinobu’s question,
although there are many areas of current interest
on which I probably cannot give useful advice,
there is one bit of advice that I actually would offer
to algebraic geometers. I do recommend super
Riemann surfaces. I’m sure there’s a deep theory
there. I can’t promise anything about how quickly
it will emerge. A deep theory will probably only
be developed in the near term if enough people
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get excited about it. Maybe the workshop we are
having next spring at the Simons Center will help
make that happen. We will see.
Ooguri: It’s certainly true that when people were
working on the finiteness and vanishing of the cosmological constant in perturbative string theory
twenty-five to thirty years ago, it was not totally satisfactory. The complete understanding came only
after your proper description in terms of geometry
of super Riemann surfaces.
Witten: Thank you, Hirosi, and I’m glad you
think so. Not all physicists agree, because it is
possible to express everything in terms of picturechanging operators and so on, hiding the super
Riemann surfaces. I think personally that when
one does that, one doesn’t understand properly
what the formulas mean. But not everybody agrees.
I think one reason that the theory of super
Riemann surfaces stopped developing in the 1980s
was that physicists became satisfied with their
partial understanding in which the super Riemann
surfaces were hidden. There is a tremendous
beauty to this subject that I think is simply missed
if you try to understand things that way. I care
about it enough to have spent several years by now
on spelling out details of the description in terms
of super Riemann surfaces.
It has seemed unclear that a lot of physicists
would really get excited about the sort of details
that I was trying to fill in. So one of my hopes has
been that mathematicians will get excited about
developing super Riemann surface theory. I can’t
promise, but I think they should.
Ooguri: Do you expect also new physics insight
coming out of the more precise understanding of
perturbative string theory?
Witten: The answer may depend on what you
mean by physics insight. I think that one understands better what superstring perturbation theory
means if one formulates it in terms of integration
on the moduli space of super Riemann surfaces.
That is insight of a sort. However, I do not see any
evidence at the moment that incorporating super
Riemann surfaces in the way that we understand
perturbation theory will help us with nonperturbative questions, for example, or with understanding
better the symmetry structure of string theory or
whatever may be the correct concept.
Masahito Yamazaki: Let me ask my last question. You’re working partly in the area of mathematical physics. You have a lot of discussion with
mathematicians and also write math papers.
Witten: Well, I write math papers in very special
cases where I think something I could actually do
would be illuminating. Recent examples have been
my work with Ron Donagi on some foundational
questions about the moduli space of super Riemann
surfaces and the work with Rafe Mazzeo that I
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mentioned before on the Nahm pole boundary
condition.
Masahito Yamazaki: I see. So, my question is,
what’s the advice if a physicist wants to work with
a mathematician effectively?
Witten: It’s really difficult to give advice. Usually
producing rigorous proofs requires very detailed
methods. That makes it hard for a physicist, and so
I myself have only done that in very special cases
where I thought something was really missing that
was actually simple enough that I could help do
it if I had the right collaborator. Some physicists
would want to go into more detail and learn the
techniques for rigorous proofs in a particular area,
but most physicists I think will only be happy and
successful doing that in very special cases like the
ones I’ve picked.
Masahito Yamazaki: I see. Is it also true that in
many of your works, the conversation with some
mathematicians has been an inspiration for you?
Witten: This usually happens when something
a mathematician has done involves an aspect of
the physics that hasn’t been understood and that
doesn’t make sense to me. I mentioned earlier
one case involving the volume conjecture. For
years I could not understand the results in this
area because complex critical points were making
exponentially large contributions. I kept putting it
aside, not able to make progress.
Finally, in the summer of 2009, I attended a
conference at the Hausdorff Institute in Bonn on the
twentieth anniversary of the Chern-Simons theory.
I heard more lectures on the volume conjecture.
To me, it was just embarrassing to not understand
why exponentially large contributions were coming
in. I feel vindicated in hindsight for worrying so
much about this question, because the answer
turned out to be really useful.
Masahito Yamazaki: I see. In that case the feeling that the pieces are not in the right place led you
to the question, which you eventually solved, and
also it led to new developments.
Witten: Yes. Another case was when I felt
that Beilinson and Drinfeld had the shogi pieces
jumbled on the chessboard.

Message for Young Students
Ooguri: Pieces are placed in a wrong way, but if
you look at it in different dimensions, perhaps they
are totally aligned.
I also have a final question. In the interview with
Tohru Eguchi twenty years ago in Sugaku Seminar,
he asked you about the prospects at the interface
of mathematics and physics, and you replied
saying that the area had been certainly growing
very strongly and you predicted that the progress
would continue in the foreseeable future. Certainly
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your prediction has been amply verified in the last
twenty years. Given this, my question is, again, what
is your prospect for the next twenty years? Can you
also give advice on the future of the field for young
students who will be reading this article?
Witten: First of all, in the last twenty years,
not only has this interaction of math and physics
continued to be very rich but it has developed in
such diversity that very frequently exciting things
are done which I myself am able to understand
embarrassingly little about, because the field is
expanding in so many directions.
I am sure that this is going to continue and I
believe the reason it will continue is that quantum
field theory and string theory, I believe, somehow
have rich mathematical secrets. When some of
these secrets come to the surface, they often come
as surprises to physicists because we do not really
understand string theory properly as physics—we
do not understand the core ideas behind it. At an
even more basic level, the mathematicians are still
not able to fully come to grips with quantum field
theory and therefore things coming from it are
surprises. So for both of those reasons, I think that
the physics and math ideas generated are going to
be surprising for a long time.
I think there are definitely exciting opportunities
for young people to come and help explain what it
all means. We don’t understand this properly. We
got a wider perspective in the 1990s when it became
clear that the different string theories are unified
by nonperturbative dualities and that string theory
in some sense is inherently quantum mechanical.
But we’re still studying many different aspects of
a subject whose core underlying principles are not
clear. As long as that is true, there are opportunities
for even bigger discoveries by today’s young people.
But if I could tell you exactly what direction you
had to go in, I would be there.
Ooguri: Thank you very much for taking time
to talk to us. It has been fun. Congratulations again
on your Kyoto Prize.
Witten: Thank you so much for your kind words
on the Kyoto Prize, and also thank you for the
discussion, because the discussion has helped me
remember how much we have advanced in the last
twenty years.
Ooguri: Let’s meet again twenty years from now
to assess our progress in the next twenty years.
Witten: Let’s try. For that we will all have to
exercise and keep fit.
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Response to the
Elizabeth Green Article
Mark Saul, Coordinating Editor

On July 23, 2014, the New York Times Magazine carried an article by journalist
Elizabeth Green entitled “Why Do Americans Stink at Math?” (Green’s article can be found
at: www.nytimes.com/2014/07/27/magazine/why-do-americans-stink-at-math.
html?_r=0). The (somewhat provocative) question posed by Green has since been
resonating with the mathematical community. We present here reactions to the article
from six diverse points of view.

Hyman Bass
Elizabeth Green’s article and the book from which
it was extracted weave two different, but confluent,
narratives. One, the most publicly visible, is about
a long history of efforts to reform and thereby
improve American education, each one ending in
perceived failure. The other is about teaching, as a
complex professional craft, and the professional
culture needed to prepare and sustain its practitioners. This last story is well understood by a few
American visionaries, but its broad realization is
a mainly foreign account, illustrated in Green’s
article in the case of Japan. It is this story of
teaching, too little understood in the US, that is
the neglected foundation of educational reform
and that Green has skillfully done much to make
available for more nuanced public awareness and
discussion. I will discuss these two narratives in
turn.
Educational reforms are undertaken for a mixture of two reasons: changed economic and social
conditions elevate the demands on public education or public education is judged to be falling
Mark Saul is with the Courant Institute of Mathematical Sciences, NYU, and the Mathematical Association of America.
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short of current public expectations, as is now
the case. The “New Math” reforms were in part
a response to perceived post-Sputnik security
threats. (And though somewhat naïve in concept,
New Math was not a complete failure.) The more
recent reforms, of which the Common Core is
the latest incarnation, date from the threatened
economic decay proclaimed in A Nation at Risk.
The US presents particular obstacles to achieving
educational improvement at a national scale,
deriving from its social and economic diversity and
also from an entrenched tradition of “local control,”
which precludes a federal role in any primary
initiatives. Yet to achieve effective reform at
scale requires some national coherence. This was a
principal aim of the Common Core, embodied in the
word “Common.” Fractions are the same in Florida
and Montana; it makes little sense in a highly mobile
population for the math curriculum to change at
state lines. It would be like building a national
railway system with different gauge tracks in each
state. Moreover, sponsorship of the Common Core
by the National Governors Association and the
Council of Chief State School Officers squarely
places ownership with the (collective) states, thus
honoring local control. The current debates about
the Common Core are, on close inspection, not so
much about the standards but about the testing
regimes that federal policies seek to encourage.
If the Common Core is discarded, we will need
standards to replace them, and it is hard to imagine
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better or more coherent standards emerging, not
to mention the tragic loss of time and expert effort.
Educational reforms comprise four fundamental
components; standards, which are an expression of
learning goals, and their development across grade
levels; curriculum materials to provide teachers
with instructional resources to reach those goals;
assessments as a means to monitor progress toward
achieving the goals; and professional development
(including preparation) of teachers to give them
the knowledge, skills, and other resources to enact
the standards-based instruction. The first three of
these—standards, curriculum, and assessments—
can be achieved, with reasonable funding, by
groups of experts over two to three years.
The last component of reform, the professional
development of teachers, is of a totally different
order of magnitude if the standards represent a
substantial change, as is the case with the Common
Core. It is the teachers, ultimately, who implement
reforms. The nearly four million American teachers
constitute the largest US profession! Adequately
elevating the knowledge and skills of these mostly
poorly prepared practitioners demands a cost
in money and time (decades) that dwarfs the
investment in the other reform components. This
helps explain why this component has been
consistently shortchanged by an impatient and
poorly informed public and by politicians with
short election horizons. This has been at the root
of every failed reform, whatever the quality or
promise of the other components.
There is a growing awareness in the research
community that teaching quality, achieved at scale,
is the central and, so far, intractable challenge
to American educational improvement. But even
with that awareness, there is not a well-developed
knowledge base for how to bring that about.
There are various policy levers that aim to provide
incentives for teachers and schools to improve their
instruction, but incentives and good intentions
absent necessary knowledge and skills do not
suffice. There is a small number of scholars, deeply
connected to practice, who have been closely
studied by Green and who have been developing
ideas for how to provide professional training
and sustained support, at scale, to the teaching
profession. It is this very significant development
that has received too little public notice and that
Elizabeth Green’s article, and the book from which
it was extracted have vividly illuminated.

Hung-Hsi Wu
“All You Have to Do Is Teach Better”
This is a partial summary of a longer paper, “Building better mathematics teachers,” available at math.
berkeley.edu/~wu/AMSNotices_2014.pdf. I am
indebted to Dick Askey and Larry Francis for their
invaluable feedback.
In an article in the New York Times Magazine
[Green], Elizabeth Green claims that Americans
“stink at math” because “the traditional way of
teaching math simply doesn’t work.” The only way
out, according to her, is to follow the prescription
given out by NCTM (National Council of Teachers
of Mathematics) in the 1980s to radically change
the way teachers teach math. It is that simple:
teach better and improvement in math education
will follow.
But is it?
If Americans do “stink” at math, clearly it
is because they find the math in school to be
unlearnable. Many factors contribute to this sorry
state of affairs; pedagogical flaws may well be one
of them, but they are not the dominant factor.
For the past four decades or so the mathematics
contained in standard textbooks (to be called
Textbook School Mathematics [Wu], TSM for short)
has played havoc with the teaching and learning of
school mathematics. The impact of TSM on every
aspect of school mathematics is so overwhelming
that it renders all other considerations almost
irrelevant.
TSM distinguishes itself from (correct) school
mathematics by not offering definitions of basic
mathematical concepts such as fraction, percent, or
constant rate; by the absence of correct reasoning
for basic facts such as why the product of two
negative numbers is positive or why the graph
of a linear equation is a line; by blurring the
line between heuristics and proof in numerous
instances, including a0 = 1 for a positive number
a, a/b = a ÷ b for a fraction a/b, and the fact
that two lines (neither vertical) are perpendicular
if and only if the product of their slopes is −1;
and by presenting mathematics as a bag of tricks
with no internal coherence so that, instead of
presenting fractions as a direct continuation of
whole numbers, fractions are singled out for being
“different kinds of numbers.”
TSM lives on because it is being actively recycled:
teachers learn TSM in K–12, go through college with
their knowledge of TSM intact, and consequently
have no choice but to regurgitate TSM when they
Hung-Hsi Wu is professor emeritus of mathematics at
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teach. This is the reason why “the traditional way
of teaching math simply doesn’t work,” provided
one interprets “traditional” to mean “in the last
forty years.”
To give one example of how traditional teaching
fails, Green relates a story in the 1980s, when the
A&W restaurant chain lost the “hamburger war” to
McDonald’s because the American public believed
1
1
3 is smaller than 4 . The spectre behind this story
is of course fraction phobia. But how can students
not be touched by this phobia if TSM tells them,
for example, to add fractions by the use of Least
Common Denominator without any explanation of
why this strange way of adding fractions is related
to “putting things together”? When help is sought,
one finds on page 96 of [NCTM1989]:
This proficiency in the addition, subtraction,
and multiplication of fractions and mixed
numbers should be limited to those with
simple denominators that can be visualized
concretely or pictorially and are apt to
occur in real-world settings. . . . This is
not to suggest, however, that valuable
instruction time should be devoted to
exercises like 17/24 + 5/18 or 5 34 × 4 14 , . . . .
This does nothing but add to the phobia! The
pressing need is not a new way to teach the
addition of fractions according to TSM, but a
correct mathematical presentation of fractions
that can explain the how and why of adding
fractions.
We have to get rid of TSM.
NCTM and the math community should have
realized all along that they share a common goal
after all: to eradicate TSM. If they had, they would
not have spent the last twenty-five years mainly
fighting the Math Wars, and Elizabeth Green would
have written a different article. But instead of
eradicating TSM, NCTM unwittingly contributed
to giving TSM new life, and the math community
stood by—until the advent of the Common Core—to
watch the deterioration of school math education.
Let us do better in the future.
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Bill Jacob
Listening to Learners and the Role of Context
Elizabeth Green describes many of the difficulties
facing the Common Core State Standards in
Mathematics (CCSSM). The basic problems are
familiar, having appeared in earlier attempts to
change K–12 mathematics. Among them are access
to professional development and instructional
materials addressing new expectations. Green’s
description of changing the script “I, We, You,”
emphasizing the process of answer-getting, to “You,
Y’All, We,” emphasizing the act of sense-making,
while simplistic, does capture the gist of changing
expectations of practice. However, teaching has
changed little in spite of several national initiatives.
So, how can collegiate mathematics educators
participate? I suggest here two areas where AMS
Notices readers can help bring positive change
while staying clear of the politics that surrounds
the CCSSM.
The change in focus from the actions of the
teacher to the actions of the learner should be our
first step in interactions with K–12. Mathematicians
reviewing content typically concern themselves
with the ordering of topics and the accuracy
of exposition. But more critical are the ideas
developed by the learner when engaging in a
task, be they children’s “twitters” (the inchoate
thoughts noted by Japanese educators) or more
developed discussion. Observing and listening to
students, with instructional decisions based upon
these observations, are essential components of
the change.
This is not easy and can turn the daily practice
of a teacher who relies on a previously set script
upside down. Problem solving and inquiry become
the basis for instruction, not an end-of-the-line
activity. Green interviewed Magdalene Lampert
but did not explain how crucial her on-the-fly
instructional decisions are to ensuring student
progress. Doing this requires understanding the
mathematics and the learner’s development, and
Lampert succeeded because she was immersed in
both. For a number of years I have had pre- and
in-service teachers read and discuss Chapter 2 of
Lampert’s book Teaching Problems and Problems
of Teaching, and I have found that discussions
of this chapter provide a solid framework for
collaboration.
Second, we need to be clear about how context
can ensure that learning tasks raise important
mathematical ideas. The CCSSM has a modeling
strand, but will it lead to important ideas or be
Bill Jacob is professor of mathematics at the University of California, Santa Barbara. His email address is
jacob@math.ucsb.edu.
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relegated to a few applications? Context needs to
be carefully crafted and should lead to important
representations. Koeno Gravemajer said a learner
should move from a “model of the context” to a
“model for thinking about the underlying mathematics.” For example, the context in Lampert’s
problem in Chapter 2 led to the development of a
double number line that the students then used
for proportional reasoning.
Unfortunately, the contexts students often see
are those of trivialized word problems such as
“How many legs are on eighty-five spiders?” Most
students will appropriately see this as uninteresting.
But imagine a third-grade class being asked, “How
many legs are on three spiders?” Children who
draw three spiders may first count the legs, but the
context can elicit many strategies. Three groups of
eight legs can be viewed as six groups of four when
four legs are drawn on each side of a spider and
viewed as a unit. A row of three spiders could be
viewed as having two rows of twelve legs (top and
bottom), or the legs could be counted as twelve
pairs. A skilled teacher can pull from various
groupings of the legs a spatial understanding of
why the equivalence 8 × 3 = 4 × 6 = 2 × 12 = 12 × 2
arises, beyond merely having the same value.
In a measurement context these same children
might also represent subtraction as difference on
a number line to make sense of the equivalence
123−88 = 125−90 = 135−100. This is much more
than a process for computation; later they will need
the measurement model for subtraction in two
dimensions as they unravel why (y1 − y0 )/(x1 − x0 )
describes slope. Learners who only understand
subtraction as removal and not as difference in
a measurement context will miss the meaning of
(y1 − y0 ) and (x1 − x0 ) in the slope expression.
As mathematicians and mathematics educators
we can play an important role by helping identify
contexts that lead to representations that are
integral to mathematics.
Finally, we must not be divisive in our work.
Green’s statement that the “traditional approach
does not work” demeans people who have devoted
their lives to teaching, just as claims that the “rigor
is lost in CCSSM” throws the solid efforts of others
into a tailspin. Instead we need to participate
in a process that helps teachers learn to base
instructional decisions on students’ mental actions
and design contexts that make sense to the learner
while simultaneously bringing forth important
representations. If we view the CCSSM as providing
an opportunity to engage all stakeholders in K–12
mathematics in a process that addresses students’
mental actions with context and representation,
we can move math education forward.
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Wayne Bishop
Why Do Americans Stink at Math?
Ms. Green’s basic premise [1] is that Japanese
classrooms modified their style from the supposed “traditional” approach of rote response and
memorization of meaningless algorithms to the
American style of teaching mathematics following a
“constructivist” approach embodied in the National
Council of Teachers of Mathematics (NCTM) Standards [2] and made current by the Common Core
State Standards—Mathematics [3] (albeit denied by
CCSS-M supporters). Unfortunately, her article
and her new book, Building a Better Teacher [4]
represent a great deal of education industry misinformation that does not bode well for precollegiate
mathematics education, especially for students
with special math-based career aspirations but for
those with less specialized needs as well.
One of her primary sources was Akihiko Takahashi, a mathematics education professor from
DePaul University (originally from Japan). Another
of her sources was a far better-known education
professor, Magdalene Lampert. Some respected
mathematicians, remembering their own precollegiate mathematics frustrations, assume that the
advocated “discovery learning” is reflective of the
“Moore Method” of R. L. Moore. For comparison:
In her book Teaching Problems and the
Problems of Teaching [5], Lampert tells the
story of how one of her fifth-grade classes
learned fractions. One day, a student made
a “conjecture” that reflected a common
misconception among children. The fraction
5
6 , the student argued, goes in the same place
5
on the number line as 12
. For the rest of the
class period the student listened as a lineup
of peers detailed all the reasons the two
numbers couldn’t possibly be equivalent,
even though they had the same numerator.
[1]
The article implies that this almost complete
waste of zero-sum fifth-grade math time reflects
the Japanese model of ordinary mathematics classrooms. By contrast, an actual Japanese classroom,
as observed by Professor Takahashi:
One day, for example, the young students
would derive the formula for finding the
area of a rectangle; the next, they would
use what they learned to do the same for
parallelograms. Taught this new way, math
itself seemed transformed. It was not dull
misery but challenging, stimulating and
even fun. [1]
Wayne Bishop is professor of mathematics at the California State University Los Angeles. His email address is
wbishop@calstatela.edu.
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This is excellent teaching, but there is nothing
new about it—in fact, “time immemorial” comes
to mind. The sequence was carefully structured
for students to recognize, “discover” if you wish,
the formulas along with a solid understanding
of why they work. Continue a little longer and
students “discover” why the formula for the area
of a triangle is what it is. Such classrooms were
well documented in the videos associated with
the 1995 Third International Math Science Study
(TIMSS) that brought Singapore to the attention
of the world along with its great Primary Series
in elementary school mathematics. The studentoriented US classrooms spent far less time on
mathematically supportable evidence than did the
Japanese.
One feature on which the team members
focused was deductive reasoning, a form of
mathematical activity that they considered
central for students’ engagement in important mathematics. They defined deductive
reasoning as the reasoning needed to draw
logical conclusions from premises. Mathematical proofs are the most familiar form
of such reasoning. As it turned out, these
instances were found in 62 percent of the
Japanese lessons, 21 percent of the German
lessons, and 0 percent of the US lessons. [6]
NYU’s Alan Siegel has provided a nice summary
of these videotapes [7].
Although the growing professional education
industry in Japan did make some effort to move
in the Lampert (NCTM) direction in the late 1990s
and early 2000s, the response from universities
and students seeking admission to them was quick
and self-correcting [8]:
This time protest would come from universities. And rather than educational
researchers or arts instructors, it was the
math and science instructors who were
speaking out. [8]
Implications for Japanese classrooms can be
seen in an interesting study of representative
middle schools in Japan conducted by Linfield
College. These classrooms were highly reminiscent
of my own precollegiate experience and the way
we usually conduct university-level math courses:
Students sit in rows and are expected to listen
quietly. Teachers rely on direct instruction rather
than investigative mathematics, but although they
ask few questions, the questions they do ask are
useful in guiding student understanding. [9]
Given the heavy reliance on calculators in the
early grades and graphing calculators later on in
American style “reform math,” the following is
also enlightening:
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The biggest surprise was a shocking lack of
technology in Japanese classrooms. “Not a
single student pulled out a calculator during
class,” Drickey said. “But lack of reliance on
technology may lead to higher scores for
Japanese students,” she said. “The ability to
think mathematically, without the aid of an
outside source, could help students process
mathematical problems more accurately
and efficiently.” [9]
Perhaps the worst problem with Ms. Green’s
article was the missing “elephant in the room,” a
heavily used compensating factor known as juku:
Now in Japan, approximately 40 percent
of elementary students and more than 70
percent of junior high students are using
juku service according to an article of the
Japan Times. [10]
Moreover, Mr. Watanabe, the author of the
juku book [11], goes on to explain that it’s much
higher than 70 percent for those with university
aspirations who use it as preparation for critical
exams.
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Roger Howe
Design Flaws of the US Education System;
Subtle Virtues of CCSSM
Elizabeth Green doubts that the Common Core
Standards can succeed in improving US mathematics instruction, and the major reason she gives is
right on target. In order to reap the benefits of the
Common Core, what teachers do will need to change
substantially. However, the US educational system
is structured to discourage teacher improvement.
As Green points out, to support teachers in their
efforts to improve, Japan has lesson study. China
has analogous structures1 and a regular system for
allowing teachers to learn their craft and for the
best ones to help the rest to improve. Professional
development in China is largely in the hands of the
teaching profession itself. Opportunities to learn
from colleagues are built into the structure of a
teacher’s day. Standout education systems such
as Singapore’s and Finland’s have also adopted
similar structures. By contrast, instruction, in the
sense of standing in front of a class of students, is
the all-absorbing activity of US teachers. Efforts to
improve one’s own knowledge or craft are left to
individual initiative and spare time. It should not
be surprising to any intelligent policymaker that
they are less than we need.
Judging teachers by the results of standardized
tests will not improve things. The key problem
with the US educational system is summarized
in the relative unattractiveness of the job. We
don’t have the teaching corps we want because the
rewards are not commensurate with the challenge.
To become a teacher here is not hard: standards
for certification are low. But to stay in teaching
is hard. The starting and continuing salary are
relatively low. The market discourages people from
teaching. This is reflected in the relative college
GPA of teacher candidates. The job is tough. This
is reflected in the high attrition rates during the
first years of teaching. The modal number of years
in the job is one. Using standardized tests to judge
teachers will make the job even less attractive. This
is not what the system needs. In fact, the premise
of NCLB, that standardized testing can improve
results, is false according to most current evidence.
It is a major mistake of the Obama administration
to double down on the testing and use tests to
judge teachers also.
Despite the well-founded reasons for pessimism,
we should not lose sight of the positive aspects of
Roger Howe is professor of mathematics at Yale University.
His email address is howe@math.yale.edu.
1
Teacher Development Continuum in the United States and
China (Summary of a Workshop), National Academies Press,
2010.
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the CCSSM, which may promote improvement in
the longer term. The CCSSM by and large are an
improvement over almost all the standards they
replace, and they make especially significant steps
to reduce the chaos in our mathematics curriculum.
Overall, they are indeed “fewer, deeper, higher.”
However, categories like “rigor” and “focus”
largely miss some notable virtues of the CCSSM:
they are technically better on several key topics
than any of their predecessors. For example, place
value is the fundamental idea we use to represent
large numbers and to compute and estimate. It
has been an area of glaring weakness in the
US curriculum for decades, perhaps always. The
CCSSM introduce notable improvements, including
advocating “addition and subtraction within 20” as
the approach of choice for starting to learn about
multidigit computation and emphasizing place
value issues at several later points. This superior
approach to the beginnings of place value has been
implemented in several high-performing countries
but was largely missing in the US, even after the
reforms of the 1990s.
Another promising feature of CCSSM is its
approach to fractions through unit fractions. This
approach puts a much greater emphasis on units
and the relations between them and stands a
much better chance of promoting thinking of
numbers in terms of how they are actually used: to
express quantity relationships rather than simply
being counts. In some seminars with teachers, I
have found that they readily, even enthusiastically, adopt these new approaches and see them
as improvements. If states will step up to their
responsibilities and create adequate professional
development opportunities for teachers, the country can benefit from these improved approaches
to key topics which have been incorporated in the
CCSSM.

Guershon Harel
On the Complexity of Mathematics Teaching:
A Reaction to Green’s Article
Given the publicity that Green’s article has generated, it is important to address certain statements
in the article that seem unremarkable or selfevident but, in fact, cognitively and pedagogically
are complex. Due to space limitation, I chose to
focus on a few such statements.
A highlight of the Japanese classroom described
by Green is that “instead of having students memorize and then practice endless lists of equations
…[teachers are taught] to encourage passionate
Guershon Harel is professor of mathematics at the University of California, San Diego. His email address is
harel@math.ucsd.edu.
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discussions among children so that they would
come to uncover math’s procedures, properties
and proofs for themselves.” Educators largely
agree that mere memorization is harmful, but this
statement gives the impression that “endless lists
of equations” is equally bad. Not so. The practice,
with understanding, of large numbers of equations
of different kinds and structures is essential for
students to develop a critical way of thinking: that
by which one recognizes that algebraic expressions
are manipulated not haphazardly but with the purpose of arriving at a desired form and maintaining
certain properties of the expression invariant. This
pedagogical approach falls under a more general
learning principle called the repeated reasoning
principle. It states that, students must practice
reasoning in order to internalize, organize, and
retain concepts and ideas. It is repeated reasoning,
not mere drill and practice of routine problems,
that enables students to be able to apply knowledge
autonomously and spontaneously.
Green discusses this “new” Japanese teaching
as a prelude to her claim that “…today’s Common
Core math [stems] from the idea that the traditional
way of teaching math simply does not work.” It
is important to recognize that the Common Core
is not about how to teach mathematics; rather, it
is about the mathematics that should be taught . It
is, however, true that the mathematics depicted
in the Common Core demands particular ways of
teaching. I explain.
In my view, the single most important new
element in the Common Core relative to previous
reforms is the explicit incorporation of mathematical practices or ways of thinking. In essence,
we have here recognition that mathematics is not
just subject matter—a collection of definitions,
theorems, proofs, problems and their solutions,
algorithms, etc.—but also includes ways of thinking. This recognition implies that instructional
objectives should be formulated in terms of both
subject matter and ways of thinking, not only in
terms of the former, as is typically the case in
traditional mathematics curricula. Following up
on my earlier point on practice of equations, the
method of completing the square, for example,
would be taught not just as a method for solving
quadratic equations but also as an opportunity to
advance students toward acquiring the habit of
mind of manipulating symbols with purpose in
mind. Assuming the students have already learned
how to solve equations of the form (x + T )2 = L,
the teacher’s action would be geared toward
helping them manipulate the quadratic equation
ax2 + bx + c = 0 with the goal of transforming it
into the known equation form while maintaining
the solution set unchanged, thereby advancing
students’ attention to structure. The gain in this
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approach is twofold: deeper understanding of
concepts (e.g., the concept of equation) and ways
of thinking (e.g., attention to structure).
Unfortunately, teachers are not ready for this
view of mathematics and mathematics teaching.
Nor are our teachers equipped with the pedagogical content knowledge to help students uncover
mathematical ideas. Indeed, the main concern of
current mathematics curricula is covering rather
than uncovering mathematical content. The term
“uncover” is problematic, and some of the statements in Green’s article raise the need to clarify it.
For example, Green’s statement that “… [students]
would come to uncover math’s procedures, properties and proofs for themselves” may reflect a
simplistic and practically unrealistic position: that
students should not be told directly a mathematical
idea but let them develop it on their own. The
practical and pedagogically effective question to
ask is not “To tell or not to tell?” but “When to tell
and when not to tell?” An important guide for this
question is the learning principle of intellectual
need, called the necessity principle. It states that
for students to learn what we intend to teach them,
they must have a need for it, where “need” refers
to intellectual need, not social or economic need.
This principle implies that new concepts and skills
should emerge from problems understood and
appreciated as such by the students, and these
problems should demonstrate to the student the
intellectual benefit of the concept (not necessarily
its application in the “real world”) at the time of
its introduction. Once students are judged by their
teacher to have developed an intellectual need for
a concept, they are in a proper cognitive state to be
presented with that concept. It is neither necessary
nor practical that they uncover the concept on
their own.
In sum, attention to the complexities of mathematics teaching rather than just broad educational
issues such as those discussed in Green’s paper
is essential to the success of the Common Core
reform. Judging by the current mathematics textbooks, including those claiming to be Common
Core-based, current teachers’ knowledge, and the
quality of our teacher preparation and professional
development programs, it is evident to me that
monumental work is still ahead of us to ensure the
success of this reform.
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This award was established in 2005 in response to a recommendation from the AMS’s
Committee on the Profession that the AMS compile and publish a series of profiles of
programs that:
1. aim to bring more persons from underrepresented backgrounds into some portion
of the pipeline beginning at the undergraduate level and leading to advanced degrees in
mathematics and professional success, or retain them once in the pipeline;
2. have achieved documentable success in doing so; and
3. are replicable models.
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minorities.
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Nomination of the writer’s own institution is permitted. The letter should describe
the specific program(s) for which the department is being nominated as well as the
achievements that make the program(s) an outstanding success, and may include any
ancillary documents which support the success of the program(s). The letter of nomination
should not exceed two pages, with supporting documentation not to exceed three more
pages. Up to three supporting letters may be included in addition to these five pages.
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Programs That Make a Difference
c/o Associate Executive Director, Meetings and Professional Services
American Mathematical Society
201 Charles Street
Providence, RI 02904
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2015: Pacific Coast Undergraduate Math Conference (PCUMC);
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Book Review

My Life and Functions
Reviewed by David Drasin

My Life and Functions
Walter K. Hayman
Logic Press, October 2014
Printed and distributed by lulu.com
152 pages
US$30.84 (hard cover)
ISBN-13: 978-1-326-03224-1
US$15.34 (paperback)
ISBN-13: 978-1-326-03020-9
Walter Kurt Hayman has led a remarkably full and
interesting life, starting from accidents arising from
his birth and ancestry to his later role as a leader of a
major school of complex analysis. He was a prolific
scientist, with extensive travels and interactions
with major scientific and cultural leaders. As he
nears his ninetieth birthday his memory remains
strong. This autobiography is a relaxed review of
his life, featuring abundant charming comments,
anecdotes, insights and memories, with some
illustrations. The author credits his current wife,
Marie Jennings, with the impetus to write this
book.
Less emphasis is given to mathematics, and the
author provides little insight into the mechanics or
vision behind his achievements. His impish sense
of humor comes through consistently, and I could
fill paragraphs with some of his short quotations
and aphorisms. (One example is the thought that
his “athletic prowess was probably inherited from
[his] father. He claimed to be the best tennis teacher
in the world, since all his students beat him after
the first game.”)
In recent years many of Walter’s publications
have been obituaries. Walter once mentioned
David Drasin is professor emeritus of mathematics at Purdue University. His email address is drasin@purdue.edu.
DOI: http://dx.doi.org/10.1090/noti1250
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his frustration that,
when preparing these,
he invariably would recognize how little he
knew of the subject’s
personal groundings, interests, or background.
Efforts to compensate, including visits
to family members and
associates, were little
compensation. (His obituary of Rolf Nevanlinna
[MR 0671785] displays
the seriousness and
spirit with which he
fulfilled these responsibilities.)
Some circumstances make having his own
account especially notable. Walter was one of the
large and talented German intellectual community
which was displaced by the Nazi era; he emigrated
to the UK at age twelve in 1938, only weeks before
Kristallnacht dispelled any doubts of the future
of Germans of Jewish ancestry (although by then
the Haymans considered themselves Christian).
One great-grandparent was the celebrated pianist
Fanny Mendelssohn, sister of Felix and an important
composer in her own right.1 The author’s middle
name refers to his maternal grandfather, Kurt
Hensel (who is credited with discovering p-adic
numbers); Hensel’s lemma is still part of the
graduate algebra curriculum. Walter’s final visit to
his grandfather was shortly before leaving Germany,
1

Dover books still offers a selection of Fanny’s piano music,
and the recent very interesting documentary Mendelssohn,
the Nazis and Me, directed by his daughter Sheila, includes
testimony from Walter and fascinating insights from those
times. Another Mendelssohn sister, Rebecka, married the
mathematician P. G. L. Dirichlet.
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and his warm memories of their mathematical
and musical interactions must have influenced his
career choice.
The family’s status and contacts allowed him
and (when they arrived later) his parents to avoid
the most severe hardships of a time of worldwide
economic insecurity, and Walter was able to
attend excellent schools and Cambridge University.
Notable was Gourdonstown School, which had been
founded in Scotland by his mother’s cousin Kurt
Hahn soon after Hahn’s expulsion from Germany;
enrollees would include members of the British
Royal Family. The generosity and help which
Walter and his family encountered in England is
gratefully acknowledged throughout, and it was
an important motivation for his lifelong service
and charitable activities (another came from his
joining the Society of Friends (Quakers) and his
marriage to Margaret Crann, whom he met at a
Friends meeting while both were at Cambridge).
Walter was always conscious of the responsibilities
which came from his prominence and successes.
It appears that Walter was reluctant to ask
J. E. Littlewood to be his thesis supervisor, but
he noticed that Mary L. Cartwright’s work was
one of the few directly cited in Littlewood’s
monograph Lectures on the Theory of Functions
[MR 0012121], which made her a logical choice.
He and Cartwright remained close until her death,
and Walter’s obituary of Dame Mary [MR 1866432]
is a fascinating tribute.
His marriage to Margaret lasted forty-seven
years, and their partnership also had consequences
for the mathematical world. Margaret later was
appointed Head of Maths (mathematics) at Putney
High School and became well known in British
education circles. In 1965 Walter and Margaret
were invited by the Ministry of Education to a
workshop on competitions. During the following
summer, when the Hayman family made a motor
trip to the Moscow International Congress, Walter
was able to meet the Russian minister of education.
The result was that, upon their return to the UK,
the Haymans arranged that Britain participate
in the International Mathematical Olympiad. The
British team was the first non-Socialist entry, and
today over one hundred nations compete. In her
private life, Margaret was a respected violin player;
Hayman’s family life often included chamber music
featuring the parents with their three daughters.
Upon Margaret’s death, Walter married his
former student Wafika al-Katifi and accepted her
Moslem faith. This trajectory of religious affiliations
would result in remarkable situations; for example,
once when in Israel, “I stayed in a Presbyterian
Guest House in Jerusalem…and I found myself
on Sunday morning accompanying the hymns on
the piano, a curious place and occupation for a
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Muslim Quaker.” At present, he is married to Marie
Jennings, whom he met a few years after Wafika’s
passing in 2001. The circumstances behind this
courtship are very touching, and their partnership
flourishes to this day.
Walter won major recognition from his British
colleagues throughout his career: both Junior
Berwick (now known as Berwick) and Senior Berwick
Prizes (he was the first to receive both; the second
double recipient only came decades later in 1994),
culminating in the London Mathematical Society’s
deMorgan Medal (1995), considered the society’s
top recognition for mathematical achievement. He
was elected Fellow of the Royal Society at age thirty.
In spite of these accolades, he willingly recounts
many doubts, weaknesses, and insecurities. As
examples, his discomfort when first encountering
the towering leaders of his research area, Rolf
Nevanlinna and Lars Ahlfors, or his having the
naiveté to directly ask A. S. Besicovitch to compare
him to another student, Freeman Dyson: “He said
quite rightly that Dyson was better.”
The center of his professional career was his
thirty years at Imperial College until the first of
his retirements in 1985. The Hayman Monday
morning seminar (at 11 sharp) featured work
of students, colleagues, and recent literature,
augmented by presentations from a steady stream
of visitors. Walter was proud of his department’s
outstanding status in the British academic world.
His pride in helping the department flourish is
evident when discussing recruiting the complex
dynamist I. N. Baker to the faculty well before
the subject became fashionable. That the Fields
Medalists Klaus Roth (now deceased) and Simon
Donaldson were among his colleagues is of course
mentioned. He also discusses the contributions
and interesting personalities among his students
and his clerical support staff (anyone who has
encountered Walter’s handwriting will appreciate
the effort needed to bring his work to the scientific
public).
Walter always thrived at mathematical conferences, where his direct, energetic, and unsnobbish
behavior was atypical among leading mathematicians I have known. He considered himself
duty-bound to ask questions, not being afraid
to show that one need not be an expert to participate: “There’s nothing worse than a dead silence
at the end of a lecture,” an inevitable result of
“[m]athematicians are very used to listening to
lectures which we do not understand.” A familiar
scene at meetings would be Walter with a younger
attendee patiently addressing mathematical questions. These interactions often would lead to
detailed answers at the meeting or by mail soon
after (this process was important for my career),
and he became an important research catalyst to
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the complex analysis community. In his phrasing,
“…I found myself acting as a sort of Post Office.”
His standing in British mathematics during the
Cold War, along with this zeal for travel and scientific contact, had other consequences; however,
many significant trips are not mentioned in the
book. Visits to the USSR (1960) and China (1977)
(both with Margaret) brought important recognition to mathematicians in both countries. In 1960
he was writing his book on meromorphic functions,
where work of A. A. Goldberg would be highlighted.
At the time, Goldberg was little known, since he was
at Uzhgorod, a small provincial university. Moscow
authorities were likely surprised that Goldberg’s
name was the first on a list Walter provided his
hosts, and Goldberg was able to come to Moscow
while Hayman was lecturing there. This imprimatur
seems to have impressed the Soviet authorities,
and Goldberg was then able to defend his (second)
thesis and become a professor at Lviv University,
where he developed a major research program and
group.
Their 1977 China trip came soon after the end
of China’s Cultural Revolution. An American delegation, led by Saunders Mac Lane, had visited China
shortly before, during the Cultural Revolution, but
Walter’s interest had already been piqued by a
glowing report he received some years earlier from
his colleague Cyril Offord. Offord had visited China
in 1974, representing a British pro-China organization, and in Beijing had met the complex analysts
Yang Lo and Zhang Guang Hou. Through Walter’s
repeated efforts Yang and Zhang visited London
and Switzerland in 1978 in the first international
purely scientific visit from China since 1966. This
opened important opportunities for collaborative
research and also helped give mathematics special
internal prestige in China.
Unfortunately, Hayman’s Moscow lecture
(and the solutions to the problems he proposed there) were published in journals not
covered by Mathematical Reviews; see www.
math.purdue.edu/~eremenko/dvi/as-curves.
pdf. On his return from China, Walter wrote to
Mathematical Reviews urging full coverage of
Chinese journals.
Although mathematics is not the main focus
of the books under consideration or this review,
some scientific contributions warrant mention.
a) The problem collections. For most of Walter’s research career, there was no Internet, and
political considerations made international contacts difficult. In 1962 the Bulletin of the AMS
printed a list of twenty-five “Classical Function
Theory Problems,” produced at a meeting at Cornell.
This was augmented five years later by Walter’s
small booklet Research Problems in Function Theory, based on a conference held three years earlier

Walter Hayman.

in London [MR 0217268]; it was praised not only
for the quality and abundance of problems but for
its coherent organization into research areas, accompanied by general background discussion. The
price was minimal (this also holds for the volumes
under review), and it became eagerly sought in
Eastern Europe and Asia (i.e., China), where many
older people still recount the heroics necessary
to see it or well-worn photocopies of it. These
collections were continued and expanded in four
revisions and updates, usually with collaborators.
b) Books. Walter’s research monographs remain
in print and are valuable resources. Much as with
his papers, they exhibit very careful style, and
their scrupulous attention to detail also attracts
elementary research students. Several of his results
first appeared in these books.
The 1964 monograph Meromorphic Functions
gave the first general exposition of the theory since
Rolf Nevanlinna’s monumental text from 1936
(revised in 1953).
The other two books are also significant. The
impetus for the two-volume set Subharmonic
Functions arose from plans of Walter’s first research
student, Paddy Kennedy, to write a major treatise
on potential theory. However, Kennedy passed
away with much of (what became) volume one
unfinished. Walter completed that book as well as
the more extensive companion, volume 2, which
focused more on two-dimensional theory, including
a full account of A. Baernstein’s symmetrization
theory.
Finally, his Cambridge tract, Multivalent Functions, deals with functions defined in the unit disk
D : {|z| < 1} which take on each value in the
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range (perhaps only in an average sense) at most
p < ∞ times. The most important special case is
p = 1, univalent functions. Much of the orientation
of this book was also the framework in which
some of Walter’s first research work occurred.
The revised edition has a self-contained treatment
of L. de Branges’s solution of the Bieberbach
conjecture (see also below), as well as thorough
accounts of symmetrization and the fundamental
length-area principle.
c) Research. A few of Walter’s famous results
can be stated simply enough to be appreciated by
many Notices readers.
i) Let f (z) be a (nonconstant) entire function,
and for r > 0 let
M(r ) = sup |f (z)|, L(r ) = inf |f (z)|.
|z|=r

|z|=r

To reverse the obvious inequality L(r ) < M(r )
requires additional information, the simplest being
the order ρ of f :
ρ = lim sup
r →∞

log log M(r )
;
log r
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You Can Count on Monsters
Member Price: US$20;
Non-Member Price: US$25
NEW!

Really Big Numbers and
You Can Count on Monsters Set
Member Price: US$32;
Non-Member Price: US$40
Visit www.ams.org/bookstore-getitem/
item=MBK-84-90 to get yours!
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for example, ρ = k when f (z) = exp(z k ). Let us
introduce σ (ρ) as the best constant for which,
given any ε > 0, we would have for any function f
of order ρ:
log L(r ) > (σ (ρ) − ε) log M(r ),
at least on an unbounded sequence of r . About
one-hundred years ago it was proved that, if ρ < 1,
then σ (ρ) = cos π ρ is the best possible σ (ρ),
and soon after it was conjectured for ρ > 1 that
σ (ρ) = −1. No further general result appeared in
the next forty years, until Hayman [MR 0056083]
showed the conjecture was false: indeed, for large
ρ, σ (ρ) > −A log ρ, with concrete estimates for A.
(Only relatively recently, A. Fryntov [MR 1189746]
disproved the conjecture for any ρ > 1; for ρ = 1
see [MR 1405053].)
ii) Picard’s theorem asserts that a meromorphic function in the plane which omits three
distinct values is constant (that this is sharp
is seen by considering w = f (z) = tan z, which
omits w = ±i). Walter established [MR 110807]
the remarkable theorem that, if f is a (nonrational)
meromorphic function, every derivative must assume every finite nonzero value infinitely often,
with at most one exception. (The best previous
result required that in addition f be entire, in which
case there is automatically the additional omitted
value w = ∞.) Refinements of these insights have
led to the general principle known as “Hayman’s
Alternative,” and this is Walter’s most-cited paper.
iii) Until about thirty years ago, one of
the two famous unsolved problems in complex
analysis was Bieberbach’s conjecture: If f (z) =
z + a2 z 2 + a3 z 3 . . . is univalent in the unit disk,
then |an | ≤ n (n ≥ 2), with equality only for the
Koebe function f (z) = z/(1 − z)2 . This was proved
by L. de Branges in 1984, but two of Walter’s
contributions to the subject still endure (they also
are valid for more general notions of univalence,
where the Bieberbach conjecture is false). Thus if f
is univalent (even in this general sense), the limit
L = limn n−1 |an | exists, with L < 1 when f is not
the Koebe function [MR 108586]. Finally, under the
same hypothesis, he showed that
| |an+1 | − |an | | ≤ A,
A an absolute constant. According to Mathematical
Reviews [MR 148885] this was “hardly suspected
to be true in the general case.”
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Managing the Math Deluge:
A Conversation with
Edward Dunne

Photo courtesy of Edward Dunne.

Allyn Jackson
In August 2014, Edward
G. Dunne became executive editor of Mathematical Reviews (MR). He
succeeded Graeme Fairweather, who had been
in the post since 2008
and has now retired.
Dunne is well known in
the mathematical community for his work
on the AMS book program: He was an AMS
acquisitions editor for
seventeen years before
going to MR. He received his PhD in 1984
from Harvard University under the direction
of Wilfried Schmid.
Edward Dunne. Before joining the AMS
staff, Dunne held positions at Rice University, the
University of Oxford, and Oklahoma State University and was an editor at Springer-Verlag for a year
and a half. Late in 2014, the Notices talked to Dunne
about the challenges his new position entails.
Notices: Why did you want to take the position
at MR?
Dunne: I really love the mathematics literature. I
would have been quite satisfied to continue working
in the AMS publications group, but the love and
respect I have for the mathematics literature gets
to manifest itself in a different way through MR.
Having that dedication to the literature will inform
many of the decisions that need to be made in
coming years so that MR continues to be a very
useful tool.
For a long time MR has been at the forefront of
a lot of changes in the way we get information. In
Allyn Jackson is senior writer and deputy editor of the
Notices. Her email address is axj@ams.org.
DOI: http://dx.doi.org/10.1090/noti1249
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the 1990s there was a change from viewing MR as a
journal to viewing it as a database. That click in the
mind—this is a database of information about the
mathematics literature, not just a bound journal—
opened up an enormous number of possibilities.
First the database was on tapes, then on CDs,
and then, some years later, when the Internet
became much more widely available, there were
even more possibilities. No longer did you have
to sit in front of a specific, dedicated computer
to access the database and all the reviews; you
could be anywhere on campus. That was another
eye-opener. These were changes that were natural,
and MR was right there at the very beginning.
A funny circumstance is that when I was at
Springer, back in the early 1990s, one of the tasks
I worked on was the digitization of what was then
called Zentralblatt. So I have actually been involved
in the database version of the competitor! That was
one of the most enjoyable and rewarding aspects
of my time at Springer. Through fate or good
luck, an opportunity came along to do something
similar again for the AMS, an organization I’ve
been dedicated to for a long time.
Part of what makes MR work well is that it’s
run by people. We have—depending on how you
count—seventy-five or eighty people working at
the MR office in Ann Arbor, and there are more
than seventeen thousand active reviewers. We are
not just throwing more and more algorithms at
the problem. By having people involved, MR can
make authoritative statements about the literature,
as opposed to programmed statements about the
literature.
Notices: What are the main challenges you see
for MR?
Dunne: The literature in mathematics, as well as
all of the sciences, continues to grow at an insane
rate. It’s exponential growth. What MR does is to
give people a sensible and efficient way of keeping
track of what’s going on in mathematics.
There is a temptation to rely on algorithmic,
computational solutions. Some of that is fairly
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comfortable because it’s familiar. You open up a
Google window, you can search for restaurants or
for unfamiliar terms that come up in conversation—
or for information about the mathematics literature.
We need to make sure people understand that MR
is better than that. We don’t just run algorithms;
there is actually thought and experience and
talent behind what we do. We have to make
sure that our technology is as good as possible.
Technology changes very quickly. As soon as you
catch up, technology takes another step forward.
That challenge is not going to go away anytime
soon, but it’s an attractive challenge. Every time
technology gets better, it’s an opportunity for MR
to get better.
Right now the AMS is running a strategic
planning exercise that includes MR. The purpose
is to think long and hard about where we want
MR to be five years from now, in particular where
we want MathSciNet to be. It’s not just a casual
thing. The AMS is dedicating serious resources to
ensuring that we stay up to date and that we are a
compelling resource for mathematicians.
Notices: Is there something about MR that the
average mathematician typically doesn’t know but
ought to know?
Dunne: There are a few things. One is that there
are seventy-five-plus people in the MR building
who work tirelessly to get things right. For example,
the author identification program is quite serious.
When an author has a common name, like the
name Wang for example, MR chases down which
Wang it is, sometimes to the point of emailing
the author to ask, “Are you the Wang who wrote
the following five papers?” So when we say that
a paper is by a particular mathematician, we are
very sure that we have the right one. Reviews are
copyedited, frequently twice and sometimes even
four times. The attention to detail and the drive
to get things right is really amazing. As a user of
MR—which I have been for over thirty years—you
just count on it being right, you count on it being
useful. But it takes a lot of work, and seeing the
people at MR do that work is really awe-inspiring.
Another thing is that there are search techniques
or “tricks” you can do that the MR insiders know
very well but that we don’t always advertise well.
If you poke around the MathSciNet website, you
will find here and there some of this advice, but
we need to do a better job of making sure that
everybody can do what the insiders can.
There is also the Digital Mathematics Repository
www.ams.org/dmr. Since we review more than
1,800 journals, we have lots of information about
journals. Some years ago, we started offering on the
Web a list of journals and links to their websites.
Notices: MR reviews more than 1,800 journals?
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Dunne: Yes. Incredible, isn’t it? And growing!
Talk to me next year, and there might be another
50 or 100 new journals. Every month the editorial
staff at MR meets and looks to see what new
journals have come out and whether we should
cover them.
We also watch out for journals that spring up
that are in some sense illegitimate, so we keep a
close track of the journals on Beall’s list. Jeffrey
Beall is a librarian at the University of Colorado
who maintains a list of journals and publishers
that have what he calls “predatory practices.” Many
of the journals on his list will publish anything you
send them in return for a fee, say US$1,000. MR
tries to keep track of mathematics journals that
might not be legitimate or are on shaky ground.
That’s another place where it’s very helpful to have
people involved. When we are deciding whether and
how to cover a journal in MR or whether to drop
coverage, it’s a joint decision by people at MR who
have mathematics research experience and people
who have librarian experience—we have several
people with advanced library science degrees. MR
wants to cover only legitimate, refereed research
journals so that there is something to be said for
being a journal that is covered in MR.
Notices: What will be tough in your new job?
Dunne: One obvious thing that is going to be
tough is keeping up with the flow of literature.
Currently MR processes between 450 and 500
items per day. What this means is that we try to
get about 480 items—a journal article, an article in
conference proceedings, a book—into the system
per day. An item will be cataloged; an editor will
decide whether to send it to a reviewer; a review
will be copyedited, processed, and added to the
MSN database. At 480 per day, in an eight-hour
day, that’s 60 per hour or one per minute.
Notices: That’s why you need all those people!
Dunne: That’s right! That’s a lot of mathematics.
But we get it done, and we get it done every
day of the week. Making sure that MR can keep
up with the continuing increase in the literature
is a big part of my job. At the same time, we
have to make sure we can keep up with the
changing expectations of users. Computing and
the Web have become greater and greater parts
of everyone’s lives, in particular of the lives of
scientists and mathematicians. Keeping up with the
flow of literature and with changes in technology
are going to dominate a lot of my time.
There is a lot of work to be done at MR every
day, and it’s a very busy place. It’s also a lot of fun.
I find it very rewarding to be immersed in a group
of people who are very good at what they do and,
without exception, enjoy what they are doing. It’s
a great place to be.
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CALL FOR NOMINATIONS

AMERICAN MATHEMATICAL SOCIETY

T

he selection committees for these prizes request nominations for consid-

eration for the 2016 awards, which will be presented at the Joint Mathematics
Meetings in Seattle, WA in January 2016. Information about past recepients of
these prizes may be found in the November 2013 issue of the Notices, pp. 13641386 and at www.ams.org/prizes-awards.

DISTINGUISHED PUBLIC SERVICE AWARD
This award, which is made every two years, recognizes a research mathematician who has made a distinguished contribution to the mathematics
profession during the preceding five years.

E. H. MOORE RESEARCH ARTICLE PRIZE
Among other activities, E. H. Moore founded the Chicago branch of the
AMS, served as the Society’s sixth president (1901–1902), delivered the
Colloquium Lectures in 1906 and founded and nurtured the Transactions
of the AMS. This prize, presented every three years, was established in
2002 to honor his extensive contributions to the discipline and to the
Society. It is awarded for an outstanding research article published in one
of the AMS primary research journals (namely, the Journal of the AMS,
Proceedings of the AMS, Transactions of the AMS, Memoirs of the AMS,
Mathematics of Computation, Electronic Journal of Conformal Geometry
and Dynamics, and the Electronic Journal of Representation Theory)
during the calendar years 2004–2009.

LEVI L. CONANT PRIZE
The Levi L. Conant Prize, first awarded in January 2001, is presented
annually for an outstanding expository paper published in either the
Notices or the Bulletin of the American Mathematical Society during the
preceding five years.

AMERICAN MATHEMATICAL SOCIETY

EACH OF THE PRIZES BELOW IS AWARDED
EVERY THREE YEARS.

DAVID P. ROBBINS PRIZE
This prize was established in 2005 in memory of David P. Robbins by members of his family.
Robbins was a long-time member of the Institute for Defense Analysis Center for Communications
Research and a prolific mathematician whose work (much of it classified) was in discrete mathematics. The prize is for a paper with the following characteristics: it shall report on novel research
in algebra, combinatorics or discrete mathematics and shall have a significant experimental
component; it shall be on a topic which is broadly accessible and shall provide both a clear statement of the problem and clear exposition of the work. The nomination should include a complete
bibliographic citation for that work, supplemented with brief remarks explaining what aspects
make it particularly suited for this prize.

OSWALD VEBLEN PRIZE IN GEOMETRY
The Oswald Veblen Prize in Geometry, which was established in 1961 in honor of Professor
Veblen, is awarded in recognition of a notable research memoir in geometry or topology
published in the preceding six years. To be considered, either the nominee should be a member
of the Society or the memoir should have been published in a North American journal.

NORBERT WIENER PRIZE IN APPLIED MATHEMATICS
The Norbert Wiener Prize was established in 1967 in honor of Professor Wiener and was endowed
by a fund from the Department of Mathematics of the Massachusetts Institute of Technology. The
prize is awarded for an outstanding contribution to applied mathematics in the highest and
broadest sense and is made jointly by the American Mathematical Society and the Society for
Industrial and Applied Mathematics. The recipient must be a member of one of these societies.

Nomination with supporting information should be submitted to http://www.ams.org/ profession/prizes-awards/nominations.
Include a short description of the work that is the basis of the nomination, including complete bibliographic citations when
appropriate. A brief curriculum vitae should be included for the nominee. Those who prefer to submit by regular mail may send
nominations to AMS Secretary, Carla Savage, Computer Science Department, North Carolina State University, Raleigh, NC 276958206. Those nominations will be forwarded by the secretary to the relevant prize selection committees.

Deadline for nominations is June 30, 2015.

The Legacy of Kurt Mahler
Jonathan M. Borwein, Yann Bugeaud, and Michael Coons
February 25, 1988; it was received after van der
Poorten had heard about Mahler’s death.
At that time van der Poorten had already begun
to collect Mahler’s works. Over twenty-five years
have now passed since Mahler’s death, and nearly
five years since van der Poorten’s. Recently, in
memory of van der Poorten, we1 finished van der
Poorten’s project and established the Kurt Mahler
Archive. The Archive is hosted by the Centre for
Computer-Assisted Research Mathematics and its
Applications (CARMA), which is located2 at the
University of Newcastle, Australia. It can be found
using the following URL:

carma.newcastle.edu.au/mahler/index.html

Mahler, the Man

Kurt Mahler (1903–1988).

I hope that you can continue with your
preparing of my collected works. When my
old papers first appeared, they produced
little interest in the mathematical world,
and it was only in recent times that they
have been rediscovered and found useful.
So a collection of all my papers may repair
this position!
—(Kurt Mahler, in his last letter to Alf van
der Poorten)
The quote at the beginning of this article was
taken from a letter written by Kurt Mahler to Alf
van der Poorten the day before Mahler died on
Jonathan M. Borwein is a Laureate Professor of mathematics at the University of Newcastle. His email address is
jonathan.borwein@newcastle.edu.au.
Yann Bugeaud is professor of mathematics at the Université de Strasbourg. His email address is bugeaud@math.
unistra.fr.
Michael Coons is a senior lecturer and ARC research fellow at the University of Newcastle. His email address is
michael.coons@newcastle.edu.au.
DOI: http://dx.doi.org/10.1090/noti1241
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Mahler was born in Krefeld, Germany, July 20,
1903. He did not come out of an academic family
but, nonetheless, from one which loved the printed
word; his father ran a printing firm. While first
entering academia in a nontraditional way, Mahler
should most appropriately be considered a student
of Siegel, and this is how the Mathematics Genealogy
Project has recorded it. With the change of power in
1933, Mahler realized that he would need to leave
Germany. After six weeks in Amsterdam, Mahler
spent the academic year 1933–34 in Manchester
under a fellowship secured by Mordell. He spent
most of the next few years in the Netherlands until
returning to the University of Manchester in 1937,
where he remained for twenty-five years. After
that, with the exception of a few years’ hiatus in
the United States of America, he was an Australian
mathematician.3
1

Joy van der Poorten helped immensely with collecting
Mahler’s harder-to-get papers as well as with the correspondence between Alf van der Poorten and Mahler. We thank
her greatly for her contribution to the Archive.
2
We are currently putting together a Mahler selecta with the
help of Michael Baake (University of Bielefeld, Germany) and
Reinout Quispel (La Trobe University, Australia).
3
There are numerous biographies of Kurt Mahler, which are
extremely well written. Thus we will not dwell too much on
this here. See [2], [3], [5], [7], [17], [19], [22].
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Mahler and Number Theory in Australia

around Australia, as well as a number of advanced courses on transcendental number
theory in the Institute of Advanced Studies.
In the end the fascination of what he was doing beguiled us both into research in number
theory, and we made our first steps in mathematical research on problems suggested by
him.

Under the invitation of B. H. Neumann, in 1962,
Mahler visited Australia and, in particular, the then
quite new Australian National University (ANU). He
was impressed enough to quickly join the ANU as
a professor in its Institute of Advanced Studies. As
Mahler recollects:
There was at this time no teaching of number
theory in the undergraduate school (School
of General Studies) at the ANU. I therefore
gave a course on this subject to second and
third year students at the SGS, probably
the first one ever in Canberra. One of my
undergraduates, Coates, asked me to introduce him to research. I provided him with
problems to work on, and by the time he obtained his BSc, he had already several papers
published or in print.

—(John Coates and Alf van der Poorten, as
quoted from [19])

—(Kurt Mahler, as quoted from [19])
One gains much more appreciation for Mahler
reading his students’ view of the same time.
Mahler was also very concerned with sowing
the seeds of his own mathematical knowledge in his new country. As in his own mathematical research, he instinctively felt that the
best way to do this was to go back to first principles, and to begin by teaching beginners in
the subject. The ANU had begun to award
undergraduate degrees only a few years before Mahler arrived, and Hanna Neumann
was appointed to head the new Department
of Mathematics in the teaching side of the
University (the School of General Studies)
at about the same time that Mahler took
up his chair. Between them, they arranged
for Mahler to give two courses to the small
number of undergraduates reading mathematics, one in 1963 on elementary number
theory, and the second in 1964 on the elliptic modular function j(z). One of us had
the good fortune to attend these courses.
Mahler started and finished each lecture
with extraordinary punctuality; in between,
the audience was given a rare insight into
his understanding of and enthusiasm for
the material of the lecture. As he spoke, he
would produce a beautiful written exposition on the blackboard of the key points,
which were neatly placed in order in his
characteristic rectangular boxes. Although
he seemed at first so different and forbidding,
we soon discovered that he was very willing
to talk about his knowledge of mathematics
in general, and to lend us his own mathematical books when we could not find them in
the library. Mahler gave lectures at various
summer schools in Canberra and elsewhere
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These two students are well known to those of
us in number theory, and many of us beyond.
John Coates went on to become a Fellow of the
Royal Society and was Sadleirian Professor of
Pure Mathematics at Cambridge from 1986 to
2012. Soon after Mahler moved to Australia, at the
encouragement of George Szekeres, Alf van der
Poorten visited Mahler regularly in Canberra. A
friendship based at first on a common interest in
science fiction4 turned quickly into a mathematical
relationship. Van der Poorten became Mahler’s
doctoral student, graduating5 in 1968. Alf van der
Poorten went on to positions at the University of
New South Wales and then Macquarie University,
both in Sydney.
Van der Poorten6 continued Mahler’s legacy of
number theory in Australia, both mathematically
in a very interesting and important collaboration
with John Loxton, and as a mentor and supporter
of young Australian mathematicians7. One such
instance remembered by a former young Australian
mathematician goes as follows.
I first encountered Alf’s unique style when
I was a member of the Australian International Olympiad (IMO) team and we came
across his wonderfully entertaining paper on
Apéry’s proof of the irrationality of ζ(3). I assumed from his name that he was Dutch, and
was then pleasantly surprised when I met
Alf at the IMO team send-off reception and
4

This is entirely evident from the correspondence between
Mahler and van der Poorten. The amount of space devoted
to science fiction is roughly asymptotic to that devoted to
mathematics.
5
Alf van der Poorten was enrolled as a student at the
University of New South Wales, not at the ANU.
6
There is a comprehensive biography of Mahler’s life and
work written by David Hunt [6] in Number Theory and Related Fields. In memory of Alf van der Poorten. Based on the
proceedings of the international number theory conference,
Newcastle, Australia, March 12–16, 2012 [1].
7
In keeping with van der Poorten’s avid support of young
Australian mathematicians, in his memory his family funds
the Alf van der Poorten Travelling Fellowships, which aim
to assist young pure mathematicians (who have earned a
PhD in Australia) in travelling in Australia and overseas so
that they can enrich their mathematical research through
contact with other mathematicians.
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to find that he lived and worked in Sydney!
He then and there told me what the p-adic
numbers were and immediately offered me
a job at any time in the future! I took him up
on his offer at the end of my first year at Melbourne University, and spent six weeks in his
office annex learning about elliptic curves,
the Riemann–Roch theorem, the Weil conjectures, and, of course a lot of great stuff about
recurrence relations (Skolem–Mahler–Lech)
and continued fractions. I have always appreciated the time he spent talking to me—it
was clear he cared a great deal about young
Australian mathematicians.
—(Frank Calegari, as quoted from [6])
Mahler’s contribution to number theory in
Australia continues today, beyond his work and the
work of his students and colleagues, in the Mahler
Lectureship of the Australian Mathematical Society.
Every two years, the Australian Mathematical
Society honors Mahler’s legacy by awarding a
distinguished lectureship in his name.
The Mahler Lectureship is awarded every
two years to a distinguished mathematician
who preferably works in an area of mathematics associated with the work of Professor
Mahler. It is usually expected that the Lecturer will speak at one of the main Society
Conferences and visit as many universities
as can be reasonably managed.

Kisin (2007), Terence Tao (2009),8 and Peter Sarnak
(2011).

The Mahler Archive
The way most of us interact with Mahler’s legacy
is now through his work. With the advent of the
digital age, looking up papers is a much easier
task than in previous times. With this in mind,
we have made the Kurt Mahler Archive freely
available online (see the first part of this article for
the details and URL). It contains (in PDF format)
every mathematical article published by Mahler,
as well as a host of links to biographies and
other information. His books are listed but are not
available through the Archive.
Mathematically, it is quite easy to point out
various highlights from Mahler’s work. We do so
here, hitting only a few of what we think are
exceptional. Of course, this view is biased by our
interests. For a more thorough list of topics see
Mahler’s “Fifty years as a mathematician” [16] or
the obituaries by Cassels [3] or van der Poorten
[22].
1. In [8] Mahler introduced a measure of the
quality of approximation of a complex transcendental number ξ by algebraic numbers.
For any integer n ≥ 1, we denote by wn (ξ)
the supremum of the real numbers w for
which
0 < |P (ξ)| < H(P )−w
has infinitely many solutions in integer
polynomials P (x) of degree at most n. Here
H(P ) stands for the naïve height of the
polynomial P (x), that is, the maximum of
the absolute values of its coefficients. Further,
we set
wn (ξ)
w (ξ) = lim sup
.
n
n→∞

— (Australian Mathematical Society
website: www.austms.org.au/)
The phrase visit as many universities as can be
reasonably managed is not taken lightly. The
2013 Mahler Lecturer was Akshay Venkatesh of
Stanford University. Professor Venkatesh gave
sixteen talks in nineteen days at ten different
universities throughout Australia. Giving so many
talks in that amount of time is a difficult task.
Include the 10,000+ kilometers of travel within
Australia in addition to the 24,000 kilometers just
to get to and from Australia from Stanford, and the
Mahler Lectureship starts to sound like a daunting
thing to accept (Akshay, if you are reading this, we
all thank you heartily). Of course, Venkatesh grew
up in Perth, so presumably he knew what he was
getting into.
The 2015 Mahler Lecturer is Manjul Bhargava, recent Fields Medalist and professor of mathematics
at Princeton University.
Former Mahler Lecturers comprise a marvelous
group: John Coates (1991), Don Zagier (1993),
Michel Mendes France (1995), Peter Hilton (1997),
John H. Conway (1999), Robin Thomas (2001),
Hendrik Lenstra (2003), Bruce Berndt (2005), Mark
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According to Mahler, we say that ξ is
• an S-number if w (ξ) < ∞,
• a T -number if w (ξ) = ∞ and
wn (ξ) < ∞ for any integer n ≥ 1,
• a U -number if w (ξ) = ∞ and
wn (ξ) = ∞ for some integer n ≥ 1.
The terminology S-number may have been
chosen to honor Siegel. Almost all numbers, in the sense of Lebesgue measure,
are S-numbers, and Liouville numbers are
examples of U-numbers. The existence of
T -numbers remained an open problem for
nearly forty years until it was confirmed
by Schmidt [20], [21]. An important point
8

In 2009 the lectureship was organized in partnership with
the Clay Mathematics Institute, so the lecture tour that year
was known as the Clay-Mahler lectures.
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in Mahler’s classification is that two algebraically dependent transcendental numbers
always fall in the same class.
2. One of the first significant contributions of
Mahler is an approach, now called “Mahler’s
method,” yielding transcendence and algebraic independence results for the values
at algebraic points of a large family of
power series satisfying functional equations of a certain type. In the seminal
paper [18] Mahler established that the FredP
k
holm series f (z) = k≥0 z 2 , which satisfies
2
f (z ) = f (z) − z, takes transcendental values
at any nonzero algebraic point in the open
unit disc.
3. Concerning specific transcendence results, in
[10] Mahler proved that Champernowne’s
number
0.12345678910111213141516 · · ·
is transcendental and is not a Liouville number. Champernowne had proven it normal to
base ten a few years earlier.
4. Mahler [13] was also the first person to give
an explicit irrationality measure for π . He
showed that, if p and q ≥ 2 are positive
integers, then
π−

p
q

>

1
.
q 42

This bound built off work from his previous
paper [12], where he showed that ken k >
n−33n , where kxk is the distance from x to the
nearest integer. It is still a very interesting
and open question as to whether or not there
is a c > 0 such that ken k > c −n .
5. Concerning Diophantine equations, in [9]
Mahler provided finiteness results for the
number of solutions of the so-called Thue–
Mahler equations. In particular, he showed
that if F(X, Y ) ∈ Z[X, Y ] is an irreducible
homogeneous binary form of degree at least
three, b is a nonzero rational integer, and
p1 , . . . , ps (s ≥ 0) are distinct rational prime
numbers, then the equation
z

F(x, y) = bp11 · · · pszs ,
in
x, y, z1 , . . . , zs ∈ Z with gcd(x, y) = 1
and z1 , . . . , zs ≥ 0,
has only finitely many solutions. The case
s = 0 was proved by Thue, corresponding
to Thue equations. Mahler was the first to
see the importance of extending results in
Diophantine approximation to include p-adic
valuations as well as the ordinary absolute
value.
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6. Mahler also made outstanding contributions
to the theory of polynomials with integer
coefficients. In [14], [15] he introduced what
is now called the Mahler measure of a
polynomial. A celebrated open question is
Lehmer’s problem (from an article of 1933)
asking, in different words (!), whether there
exists c > 1 such that the Mahler measure
of a noncyclotomic polynomial is always at
least c.
Lehmer’s Problem. Let P (X) = ad X d +· · ·+
a1 X +a0 = ad (X −α1 ) · · · (X −αd ) be a polynomial with integer coefficients. Its Mahler
measure M(P ) is defined by
M(P ) = |ad |

d
Y

max{1, |αi |}.

i=1

Does there exist a positive real number ε such
that if M(P ) < 1 + ε, then all the nonzero
roots of P (X) are roots of unity?
7. One of the most famous contributions of
Mahler in geometry of numbers is his compactness theorem, established in 1946 in
[11]. This is a criterion for the existence of
a convergent subsequence of lattices in a
sequence of lattices in the n-dimensional
space, which may be said to have completely
transformed the subject. The last words express Cassels’s opinion on page 136 of his
monograph [4].

Conclusion
Here we have highlighted only a few of Mahler’s
many mathematical contributions. We apologize
if we have left out your favorite, but in this case
we encourage you to find its original paper in the
Archive and enjoy Mahler’s own words about it;
we hope that you find them in a language with
which you are familiar, though this may not be
the case. Indeed, like many mathematicians during
Mahler’s active years (1927–88), he wrote in several
languages. Using the Archive as our data, we found
that he published papers in his native German, as
well as in English, Italian, Dutch, Russian, and even
Chinese!
Mahler’s interest in Chinese led him to do more
than write just one paper in the language. Mahler
felt so strongly that students should attempt
to learn Chinese and be able to at least read
mathematically in the language that while on his
hiatus from Australia at Ohio State University,
he suggested that Chinese be taught to graduate
students in mathematics. As the story goes, he
was asked who could they ever find to teach such
a course? He then answered that he would do it!
And indeed, Mahler gave this course. For those
interested, his lecture notes, “Lectures on the
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reading of mathematics in Chinese,” can be found
on the Archive in the collection under the year
1972.
One can only speculate that Mahler saw the
dawn of the Asian century coming. Indeed,
there is a Mahler-Needham collection9 at the
ANU housing Mahler’s Chinese mathematics collection. Joseph Needham (1900–95) was the leading
western sinologist of the past century and there
was a considerable correspondence between the
two concerning Volume 3 (Chinese mathematics) of
Needham’s 28-volume opus Science and Civilisation
in China.
In addition to Mahler’s formal mathematical
work, we found some very interesting private
writings of his. In particular, much of his correspondence with Alf van der Poorten survives. It
is evident from what we have been given that
Mahler and van der Poorten had a tremendous
correspondence relationship, which as described
a bit before, centered around mutual interests in
science fiction and mathematics. These letters reveal more about the man. In a letter dated March 1,
1985, Mahler mentions his thoughts about the
Riemann hypothesis and a purported proof then
circulating.

More so than in Mahler’s papers, in his correspondence with van der Poorten, we find that Mahler was
deeply interested in computational mathematics
and specifically what is more commonly thought
of today as experimental mathematics.
I am interested in the problem of whether
there are squares of integers which, to the
base g = 5, have only digits 0 or 1. I could
not find a single example although I went
quite far on my calculator. Strangely, to the
base g = 7 I obtained the one example 202 =
1111(7), and I am now seeing whether there
are others.
—(Kurt Mahler to Alf van der Poorten on
February 15, 1988)
Even in his last letter, the day before his death,
Mahler was doing mathematics, lamenting that he
was too old to learn to program well!
If I were ten years younger, I should also try
to learn [to] handle big computers. But I have
used only programmable calculators which
I found very convenient. In the calculations
for Squares to the base 3 I used mostly a TI
59 with printer and so could get my results. I
have now also a[n] H-P 28c calculator which
works to 12 places. Unfortunately the manuals that come with this machine are far
too short and badly arranged. So far I have
not yet been able to construct on it a program which allows [me] to express a given
integer or real numbers to the base g ≥ 2,
something I could do on the TI 59.
The problem of the representation of
squares to the base g ≥ 5 seems quite hard,
and I hope you have more success with it
than I. It would be appropriate to consider
the following more general problem.
“Let f (x) be a polynomial in x with
integral coefficients which is positive
for positive x. Study the integers x for
which the representation of f (x) to
the base g ≥ 3 has only digits 0 or 1.”
Here it may be sufficient to assume that the
highest coefficient of f (x) is a power of g,
and that f is of the second degree. For polynomials of the first degree we settled this
problem in our joint paper.

Alfred (Alf) Jacobus van der Poorten
(1942–2010).

It will be a pity if the proof of Riemann’s
conjecture turns out to be incomplete. As
you know, I am not convinced that RC is
true. The numerical results go only to a limit
which is relatively small when we think of
10
numbers like 1010 .
—(Kurt Mahler, to Alf van der Poorten on
March 1, 1985)
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—(Kurt Mahler, to Alf van der Poorten on
February 24, 1988)
Kurt Mahler remained a mathematician’s mathematician until the very end.
May his theorems live forever!
—(Paul Erdős, remembering Mahler in [5])
9

See anulib.anu.edu.au/about/collections/spcoll.
html.
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Report on 2013–2014 Academic
Recruitment and Hiring
William Yslas Vélez, James W. Maxwell, and Colleen Rose
The number of full-time positions under recruitment in mathematics departments was 1,741 during the 2013–14 academic
recruitment cycle (for employment beginning in fall 2014). Recruitment of tenure-track positions increased in doctoral and masters
departments and decreased in bachelors departments. When compared to the 2003-04 recruitment cycle, a year that was representative
of the years from 2003-07, total tenure-track positions are down 22% (from 1,128) and non-tenure-track positions are up 45% (from 593).

Figure R.1: Positions Under Recruitment in All Mathematics Departments Combined
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*Note: The published report incorrectly labeled these as hires.

The doctoral statistics and biostatistics department groupings each reported a decrease (4% and 10%) in the number of positions
1
under recruitment over the numbers reported for the prior year, an (estimated ) combined total of 228 positions under recruitment
for the 2013–14 recruitment cycle. Compared to the 2008–09 data, the total number of positions increased by 63% and the numbers
of tenure-track and of non-tenure-track full-time positions represent an increase of 75% and 46%, respectively. Looking back even
further to the 2003–04 data we see that the number of non-tenure-track full-time positions has doubled (from 41) and tenure-track
positions have increased by 11% (from 132).

Figure R.2: Positions Under Recruitment in Doctoral Statistics and Biostatistics Departments Combined
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1

All numbers reported are estimates made to account for non-responding departments. See page 538 for response rates.		

William Yslas Vélez is a professor in the Department of Mathematics at University of Arizona. James W. Maxwell is AMS Coordinator
for special projects. Colleen A. Rose is AMS survey analyst.
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Positions Under Recruitment
The overall number of full-time positions under recruitment decreased among mathematics departments. There was
a 1% decrease for the doctoral mathematics groups combined, a 5% increase for the masters group, and a 3% decrease
for the bachelors group. Recruitment of tenure-track positions decreased overall, but increased 4% in the masters
and decreased in both the doctoral mathematics groups combined and bachelors groups by 3% and 6%, respectively.
Comparing current levels of recruitment with 2008–09 and 2003–04, we see that it has increased in doctoral departments
by 50% and 25%, respectively; in masters departments it has increased 57% since 2008–09 and decreased 21% since
2003–04; in bachelors departments it has decreased by 11% since 2008–09 and decreased by 9% since 2003–04.

Figure R.3: Positions Under Recruitment in All Mathematics Departments by
Highest Mathematical Sciences Degree Offered
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The overall number of tenure-track positions under recruitment has decreased 3% from its level in 2012–13; dropping
3% in the doctoral departments, increasing 4% in the masters departments and dropping 6% among the bachelors
departments. Comparing current levels of tenure-track recruitment with 2008–09 and 2003–04, we see that it has
increased in doctoral departments by 18% and 2%, respectively; in masters departments it has increased 22% since
2008–09 and decreased 36% since 2003–04; in bachelors departments it has decreased by 24% and 28%, respectively.

Figure R.4: Tenure-track Positions Under Recruitment in All Mathematics Departments by
Highest Mathematical Sciences Degree Offered
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Positions Filled
A total of 1,551 full-time positions were filled during the 2013–14 academic cycle for employment beginning in fall
2014 by all mathematics groups combined. This total is up 22% from the 2008–09 total and up 4% from the 2003–04
total. This year 89% of the positions under recruitment were filled in the mathematics departments.

Figure F.1: Positions Filled in All Mathematics Departments
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Among the doctoral statistics and biostatistics departments combined the total of filled positions is down 8% from
2012–13, up 31% from the 2008–09 total, and up 55% from the 2003–04 total. This year 81% of the positions under
recruitment were filled in these departments.

Figure F.2: Positions Filled in Doctoral Statistics & Biostatistics Departments
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Positions Filled
The number of full-time positions filled for fall 2014 from 2013–14 recruitment varied widely among the various
reporting groups. For the doctoral mathematics groups combined, the number of positions filled was 748, an increase
of 2% from fall 2013, a 63% increase from the fall 2009, and a 35% increase from the fall 2004 counts. For the masters
group the count was 243, up 10% from the fall 2013, up 60% from the fall 2009, and down 13% from the fall 2004
counts. For the bachelors group the count was 560, a decrease of 10% from fall 2013, and down 16% from both the
fall 2009 and the fall 2004 counts.
Figure F.3: Positions Filled in Mathematics Departments by
Highest Mathematical Sciences Degree Offered
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The total tenure-track positions filled for fall 2014 from 2013–14 recruitment by all mathematics groups combined
is 740. This total is down 2% from the fall 2013 figure of 752, up 4% from the fall 2009 total of 710, and down 10%
from the fall 2004 total of 820.
Figure F.4: Tenure-track Positions Filled in Mathematics Departments by
Highest Mathematical Sciences Degree Offered
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Faculty Attrition
Figure A.1 shows the trends in attrition from deaths and retirements among the full-time faculty for the academic
years 1996–97 through 2013–14. Attrition reached it lowest rate in 2009–10. Since 2011–12 attrition has been increasing among the masters & bachelors departments and decreasing among doctoral departments.

Figure A.1: Percentage Full-time Faculty Died/Retired*
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ϯ͘Ϭ
Ϯ͘ϱ
Ϯ͘Ϭ
ϭ͘ϱ

ϭ͘Ϭ
Ϭ͘ϱ

ϮϬϭϯͲϭϰ

ϮϬϭϮͲϭϯ

ϮϬϭϭͲϭϮ

ϮϬϭϬͲϭϭ

ϮϬϬϵͲϭϬ

ϮϬϬϴͲϬϵ

ϮϬϬϳͲϬϴ

ϮϬϬϲͲϬϳ

ϮϬϬϱͲϬϲ

ϮϬϬϰͲϬϱ

ϮϬϬϯͲϬϰ

ϮϬϬϮͲϬϯ

ϮϬϬϭͲϬϮ

ϮϬϬϬͲϬϭ

ϭϵϵϵͲϬϬ

ϭϵϵϴͲϵϵ

ϭϵϵϳͲϵϴ

Ϭ͘Ϭ

ϭϵϵϲͲϵϳ

WĞƌĐĞŶƚŽĨƚŽƚĂůĨĂĐƵůƚǇǁŚŽƌĞƚŝƌŝĞĚͬĚŝĞĚ

ϰ͘Ϭ

zĞĂƌ

* The percentage of full-time faculty who died or retired is the number of faculty who died or retired at some point during the academic year (September 1 through
August 31) divided by the number of full-time faculty at the start of the academic year.

Figure A.2 shows an alternative way of looking at the trends in annual faculty retirements compared to that offered
in Figure A.1. The vast majority of individuals who are reported by their department as retiring are, in fact, members
of the tenured faculty. Given that, it makes sense to look at the ratio of those retiring during an academic year to the
total tenured faculty at the start of that year, as is done in A.2. Data collected this year show that approximately 87%
of those retiring were tenured.

Figure A.2: Retired Faculty as a Percentage of Tenured Faculty
ůůŽĐƚŽƌĂůĞƉĂƌƚŵĞŶƚƐ

DĂƐƚĞƌƐΘĂĐŚĞůŽƌƐĞƉĂƌƚŵĞŶƚƐ
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ϰ͘Ϭ
ϯ͘Ϭ
Ϯ͘Ϭ
ϭ͘Ϭ

ϮϬϭϯͲϭϰ

ϮϬϭϮͲϭϯ

ϮϬϭϭͲϭϮ

ϮϬϭϬͲϭϭ

ϮϬϬϵͲϭϬ

ϮϬϬϴͲϬϵ

ϮϬϬϳͲϬϴ

ϮϬϬϲͲϬϳ

ϮϬϬϱͲϬϲ

ϮϬϬϰͲϬϱ

ϮϬϬϯͲϬϰ

ϮϬϬϮͲϬϯ

ϮϬϬϭͲϬϮ

Ϭ͘Ϭ

ϮϬϬϬͲϬϭ

WĞƌĐĞŶƚŽĨƚŽƚĂůƚĞŶƵƌĞĚĨĂĐƵůƚǇǁŚŽƌĞƚŝƌĞĚ

ϳ͘Ϭ

zĞĂƌ

* Each percentage in this figure is the number of full-time faculty that retired at some point during the academic year (September 1 through August 31) divided
by the number of full-time tenured faculty at the start of the academic year.
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2014 Annual Survey of the Mathematical Sciences in the US

Survey Groups and Response Rates
Starting with reports on the 2012 AMS-ASA-IMS-MAA-SIAM Annual Survey of the Mathematical Sciences, the Joint
Data Committee has implemented a new method for grouping the doctorate-granting mathematics departments. These
departments are first grouped into those at public institutions and those at private institutions. These groups are further
subdivided based on the size of their doctoral program as reflected in the average annual number of PhD’s awarded
between 2000 and 2010, based on their reports to the Annual Survey during this period. Furthermore, doctorate-granting
departments which self-classify their PhD program as being in applied mathematics will join with the other applied
mathematics departments previously in Group Va to form their own group. The former Group IV was divided into two
groups, one for departments in statistics and one for departments in biostatistics.
For further details on the change in the doctoral department groupings see the article in the October 2012 issue of
Notices of the AMS at www.ams.org/notices/201209/rtx120901262p.pdf.
Survey Groups:
Math. Public Large consists of departments with the highest annual rate of production of PhD’s, ranging between 7.0 and 24.2 per year.
Math. Public Medium consists of departments with an annual rate of production of PhD’s, ranging between 3.9 and 6.9 per year.
Math. Public Small consists of departments with an annual rate of production of PhD’s of 3.8 or less per year.
Math. Private Large consists of departments with an annual rate of production of PhD’s, ranging between 3.9 and 19.8 per year.
Math. Private Small consists of departments with an annual rate of production of PhD’s of 3.8 or less per year.
Applied Mathematics consists of doctoral-degree-granting applied mathematics departments.
Statistics consists of doctoral-degree-granting statistics departments.
Biostatistics consists of doctoral-degree-granting biostatistics departments.
Masters contains US departments granting a master’s degree as the highest graduate degree.
Bachelors contains US departments granting a baccalaureate degree only.
Listings of the actual departments that compose these groups are available on the AMS website at ams.org/annual-survey/groups.

Response Rates by Survey Groups

Other Information

Faculty Recruitment & Hiring Response Rates

The interested reader may view additional details
on the results of this survey and prior year trends by
visiting the AMS website at www.ams.org/annualsurvey. Survey results for the doctoral departments
in statistics and biostatistics are available there.

Group*
Math. Public Large

Received (%)		
20 of 26 with 20 recruiting (77%)

Math. Public Medium

36 of 40 with 30 recruiting (90%)

Math. Public Small

49 of 64 with 37 recruiting (77%)

Math. Private Large

16 of 24 with 15 recruiting (67%)

Math. Private Small

23 of 28 with 21 recruiting (82%)

Applied Math.

17 of 24 with 14 recruiting (71%)

Statistics

42 of 58 with 33 recruiting (72%)

Biostatistics

18 of 43 with 15 recruiting (42%)

Masters

110 of 177 with 69 recruiting (62%)

Bachelors

450 of 1007 with 196 recruiting (45%)

Total

781 of 1499 with 450 recruiting (52%)

Acknowledgements

* Doctoral programs that do not formally "house" faculty and their salaries are excluded
from this survey.
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The Annual Survey attempts to provide an accurate
appraisal and analysis of various aspects of the
academic mathematical sciences scene for the use and
benefit of the community and for filling the information
needs of the professional organizations. Every year,
college and university departments in the United States
are invited to respond. The Annual Survey relies heavily
on the conscientious efforts of the dedicated staff
members of these departments for the quality of its
information. On behalf of the Data Committee and the
Annual Survey Staff, we thank the many secretarial
and administrative staff members in the mathematical
sciences departments for their cooperation and
assistance in responding to the survey questionnaires.
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James G. Arthur Awarded
2015 Wolf Prize

Description of the Prizewinner’s Work
The area of mathematics called automorphic forms
includes a series of fundamental conjectures
proposed by Langlands which postulate deep
and unexpected relationships among different
streams of mathematics. Arthur’s work involves
the possible application of a powerful technique
called the trace formula. The citation from the Wolf
Foundation follows.
Arthur’s development of the trace formula for
reductive groups is a monumental mathematical
achievement. It generalizes the Selberg trace
formula for SL(2) from 1956. In his work, Arthur
introduced many major tools in noncommutative
harmonic analysis on general reductive groups.
Building on the work of Langlands, Shelstad, Kottwitz, Waldspurger, and others, Arthur obtained
the trace formula in stable form. Using the Fundamental Lemma proved by Ngo, Arthur’s work
culminated in his description, as envisioned by
Langlands, of the structure of automorphic representations of classical groups (symplectic groups
and quasi-split special orthogonal groups). Some
of the highlights are the functoriality associated to
the standard representation, the multiplicity formulas in the discrete spectrum, the classification
of the expected counterexamples to the generalized Ramanujan conjecture, and the description of
local L-packets and global A-packets. Arthur’s work
had an enormous impact. For example, it had been
a central tool in Lafforgue’s proof of the Langlands
correspondence for function fields. Recently, it has
been used by Clozel, Harris, Taylor, and others in
constructing Galois representations associated to
automorphic forms via p-adic methods. Arthur’s
ideas, achievements, and the techniques he introduced will have many more deep applications in
the theory of automorphic representations and the
study of locally symmetric spaces. Arthur’s work
is a mathematical landmark that will inspire future
generations of mathematicians.

Biographical Sketch
James Arthur received his PhD from Yale University
in 1970 under the supervision of Robert Langlands
(1996 Wolf Prize winner). He
held positions at Yale University (1970–76) and Duke
University before joining
the faculty of the University
of Toronto in 1978. He was
awarded the John L. Synge
Award (1987) and the Henry
Marshall Tory Medal (1997)
of the Royal Society of Canada. He received the CRMFields-PIMS Prize in 1997.
He was awarded the Canada
Gold Medal for Science and
James G. Arthur
Engineering from the Natural Sciences and Engineering Research Council of
Canada in 1999, the only mathematician to win
Canada’s top science award. He is a three-time
invited speaker at the International Congress of
Mathematicians, and he delivered an invited address at the 2005 Abel Prize celebration in honor
of Peter Lax. He served as president of the AMS in
2005–06 and is a Fellow of the AMS. He is also a
Fellow of the Royal Society of Canada and the Royal
Society of London and is a member of the American
Academy of Arts and Sciences; he was elected to
the US National Academy of Sciences in 2014.

©AMS

The Wolf Prize in Mathematics for 2015 has been
awarded to James G. Arthur of the University of
Toronto for his “monumental work on the trace
formula and his fundamental contributions to the
theory of automorphic representations of reductive groups.”

About the Prize
The Wolf Prize carries a cash award of US$100,000.
The science prizes are given annually in the areas
of agriculture, chemistry, mathematics, medicine,
and physics. Laureates receive their awards from
the president of the State of Israel in a special ceremony at the Knesset Building (Israel’s parliament)
in Jerusalem. The list of previous recipients of the
Wolf Prize in Mathematics is available on the website
of the Wolf Foundation, www.wolffund.org.il.
—Elaine Kehoe

DOI: http://dx.doi.org/10.1090/noti1242
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CALL FOR NOMINATIONS

American Mathematical Society

Chevalley Prize in Lie Theory
This prize was established by George Lusztig in 2014 to honor Claude
Chevalley (1909–1984). Chevalley was a founding member of the
Bourbaki group. He made fundamental contributions to class field
theory, algebraic geometry, and group theory. His three-volume treatise on Lie groups served as standard reference for many decades.
His classification of semisimple groups over an arbitrary algebraically
closed field provides a link between Lie's theory of continuous groups
and the theory of finite groups, to the enormous enrichment of both
subjects.
This prize recognizes notable work in Lie Theory published during
the preceding six years; a recipient should be at most twenty-five
years past the Ph.D.
The US$8,000 prize will be awarded in even-numbered years without
restriction on society membership, citizenship, or venue of publication. The first award will be made in 2016.
Nominations with supporting information should be submitted using the online form available here:
www.ams.org/profession/prizes-awards/nominations
Include a short description of the work that is the basis of the nominations, including complete bibliographic citations. A brief curriculum vitae for the nominee should be included. Those who prefer
to submit by postal mail may send nominations to AMS Secretary,
Carla Savage, Box 8206, Computer Science Department, North
Carolina State University, Raleigh, NC 27695-8206. The nominations
will be forwarded by the secretary to the appropriate prize selection
committee, which, in effect, will make final decisions on the award.
Deadline for nominations is June 30, 2015.

2015 Award for Impact on
the Teaching and Learning of
Mathematics
Citation
Throughout his career, W. James “Jim’’ Lewis has
been a tireless advocate of the idea that mathematics research and education go hand in hand.
As department chair at University of NebraskaLincoln for fifteen years, he created an atmosphere
of commitment to teaching that established the
department as a national model among mathematics departments in research universities where
both teaching and research are highly valued, integrated, and rewarded. Jim has taken on numerous
national leadership roles that shaped the mathematical education of teachers across the country.
Jim served as Chair of the steering committee for
The Mathematical Education of Teachers (MET1)
and chaired the writing team for its recent update
(MET2). These documents lay out guidelines for
what pre-college teachers of mathematics should
know and make a substantive and compelling case
that mathematicians can and must be involved in
the process by which future teachers obtain this
knowledge. These documents have had a transformational effect on the efforts to mathematically
educate teachers.
Jim Lewis has truly made significant contributions of lasting value to mathematics education.
He has worked directly with pre-college teachers
at both the pre-service and in-service levels; he has
created sustainable programs whereby others can
continue this work; he has worked at a national
level to provide guidance to our profession in this
domain. He has also made contributions to mathematics education outside of the mathematical
education of teachers, creating a replicable culture
in which research and education are integrated
and valued, enhancing the first-year mathematics
experience for college students, and nurturing
the next generation of mathematicians who see
DOI: http://dx.doi.org/10.1090/noti1240
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education as an integral part of
what they do.

Biographical Sketch
W. James “Jim’’ Lewis is the
Aaron Douglas Professor of
Mathematics and director of
the Center for Science, Mathematics, and Computer Education at the University of Nebraska—Lincoln. He is currently
on leave from that position to
serve as deputy assistant director for Education and Human
W. James Lewis
Resources at the National Science Foundation (NSF).
Lewis’s outstanding work has been a significant
factor in the several major awards his department
has received. Under his leadership as department
chair, his department won the Presidential Award
for Excellence in Science, Mathematics, and Engineering Mentoring in 1998. That same year, it received the University of Nebraska’s University-wide
Departmental Teaching Award. And in 2009, it
received the AMS Award for an Exemplary Program
or Achievement in a Mathematics Department.
Lewis himself has also received many awards. In
2015, he won the Yueh-Gin Gung and Dr. Charles Y.
Hu Award for Distinguished Service to Mathematics, the most prestigious award for service given
by the Mathematical Association of America (MAA).
His teaching has garnered several awards from
his university, and he has been elected to UNL’s
Academy of Distinguished Teachers. In 2010, he
was the Carnegie Foundation’s Nebraska Professor
of the Year. He has received the UNL Chancellor’s
Commission on the Status of Women Award for
his support of opportunities for women in the
mathematical sciences and the university’s Louise Pound-George Howard Distinguished Career
Award.
Lewis was principal investigator for the Math
in the Middle Institute Partnership and NebraskaMATH, two large Math Science Partnerships funded by the NSF that shared the goal of
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W. James Lewis has received the 2015 AMS Award
for Impact on the Teaching and Learning of Mathematics.
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educating and supporting Nebraska’s K–12 students and teachers.
Lewis has also served on many boards and committees at the national level. He was a member of
the Mathematical Sciences Education Board of the
National Research Council (NRC) and chair of the
Conference Board of the Mathematical Sciences
(CBMS). He chaired the steering committee that
produced the CBMS report The Mathematical
Education of Teachers (2001) and was chair of the
writing team that produced the follow-up report
The Mathematical Education of Teachers II in 2012.
He served as co-chair of the NRC committee that
produced Educating Teachers of Science, Mathematics, and Technology: New Practices for the
New Millennium (2000). He was a member of the
AMS Task Force that produced Towards Excellence:
Leading a Doctoral Mathematics Department in the
21st Century (1999). He was chair of the MAA’s
Coordinating Council on Education, of the AMS
Task Force on the First-Year College Mathematics
Experience, and of the AMS Committee on Science
Policy. In addition, he was a member of the AMS
Committee on Education.
Jim Lewis received his PhD in mathematics from
Louisiana State University in 1971.

Response from Jim Lewis
It is quite an honor to receive this award. It is even
more special because Ken Gross is both a friend
and a mentor. Indeed, his advice contributed significantly to what we have been able to do here in
Nebraska with respect to the mathematical education of teachers.

About the Award
The Award for Impact on the Teaching and Learning of Mathematics was established by the AMS
Committee on Education (COE) in 2013. The award
is given annually to a mathematician (or group of
mathematicians) who has made significant contributions of lasting value to mathematics education.
Priorities of the award include recognition of (a)
accomplished mathematicians who have worked
directly with pre-college teachers to enhance
teachers’ impact on mathematics achievement
for all students, or (b) sustainable and replicable
contributions by mathematicians to improving the
mathematics education of students in the first two
years of college. The award carries a cash prize of
US$1,000. The endowment fund that supports the
award was established in 2012 by a contribution
from Kenneth I. and Mary Lou Gross in honor of
their daughters Laura and Karen. The award is
presented by the COE acting on the recommendation of a selection subcommittee. The members of
the subcommittee for the 2015 award were Arthur
Benjamin (chair), Benjamin Braun, Kay Somers, and
Jennifer Taback.
The inaugural recipient of the Impact Award
was Paul J. Sally, Jr. (2014).
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The prize is awarded each year to an undergraduate student (or students having
submitted joint work) for outstanding research in mathematics. Any student
who is an undergraduate in a college or university in the United States or its
possessions, or Canada or Mexico, is eligible to be considered for this prize.
The prize recipient’s research need not be confined to a single paper; it may be
contained in several papers. However, the paper (or papers) to be considered for
the prize must be submitted while the student is an undergraduate; they cannot
be submitted after the student’s graduation. The research paper (or papers) may
be submitted for consideration by the student or a nominator. All submissions
for the prize must include at least one letter of support from a person, usually a
faculty member, familiar with the student’s research. Publication of research is not
required.
The recipients of the prize are to be selected by a standing joint committee of the
AMS, MAA, and SIAM. The decisions of this committee are final. Nominations for
the 2016 Morgan Prize are due no later than June 30, 2015. Those eligible for the
2016 prize must have been undergraduates in December 2014.

Questions may be directed to:
Barbara T. Faires
Secretary
Mathematical Association of America
Westminster College
New Wilmington, PA 16172
Telephone: 724-946-6268
Email: faires@westminster.edu

Nominations and submissions
should be sent to:
Carla Savage, AMS Secretary
Computer Science Department
North Carolina State University
Raleigh, NC 27695-8206
or uploaded via the form available at:
www.ams.org/profession/prizes-awards/
nominations

2015 Award for an Exemplary
Program or Achievement in a
Mathematics Department
The Department of Mathematics at Iowa
State University is the recipient of the 2015
Award for an Exemplary Program or Achievement
in a Mathematics Department.

Citation
The American Mathematical Society is pleased to
recognize the Department of Mathematics at Iowa
State University with the 2015 Award for Exemplary Program or Achievement in a Mathematics
Department. The diversity efforts at all levels of
the Department of Mathematics at Iowa State University have been truly exemplary.
This is a department that has managed to do it
all. Starting with a highly diverse REU [Research
Experiences for Undergraduates] program (25
percent minority students and 40 percent women),
they have helped increase the number of underrepresented students going to graduate school in
the mathematical sciences. They also managed to
diversify their graduate program. Currently 15
percent of their graduate students are minorities
and 34 percent of their students are women. Recently one of their former minority students was
awarded a highly prestigious NSF [National Science
Foundation] funded postdoctoral fellowship from
the Alliance for Building Faculty Diversity in the
Mathematical Sciences. The Department of Mathematics at Iowa State University is also one of the
key members in the Alliance for Building Faculty
Diversity in the Mathematical Sciences. Three of
the fourteen postdoctoral fellows in this program
have gone to Iowa State University for their postdoctoral fellowship. They have also hired one of
the alliance postdoctoral fellows to become a tenure track faculty at Iowa State University. All these
accomplishments are even more noteworthy due
to the fact that Iowa State University is located in
a region in the US where there is only a very small
minority population.
The department has put many structures into
place to ensure that their diversity efforts will be
permanent changes. They are one of the few departments in the nation that have a Diversity Director. They also founded the Mathematicians of Color
Alliance (MOCA), which is a vertically integrated

mentoring group primarily for graduate students,
but also welcoming undergraduates. MOCA has
not only helped minority undergraduates get into
graduate school but also supports current Iowa
State minority graduate students to be successful
in their graduate studies.
For the many ways in which the Department
of Mathematics at Iowa State University has had
a large impact on underrepresented groups in the
mathematical sciences, we are happy to present
the AMS Award for Exemplary Program or Achievement in a Mathematics Department to the Department of Mathematics at Iowa State University.

About the Award
The Award for an Exemplary Program or Achievement in a Mathematics Department was established by the AMS Council in 2004 and was given
for the first time in 2006. The purpose is to recognize a department that has distinguished itself
by undertaking an unusual or particularly effective
program of value to the mathematics community,
internally or in relation to the rest of society.
Departments of mathematical sciences in North
America that offer at least a bachelor’s degree in
mathematical sciences are eligible. Through the
generous support of an anonymous donor, the
award carries a cash prize of US$5,000.
The award is presented by the AMS Council
acting on the recommendation of a selection
committee. For the 2015 award, the members of
the selection committee were: Michael Dorff, Eric
Grinberg, Aloysius Helminck (chair), Monica Jackson, and Cesar Silva.
The previous recipients of the award are Harvey
Mudd College (2006), the University of California,
Los Angeles (2007), the University of Iowa (2008),
the University of Nebraska, Lincoln (2009), North
Carolina State University (2010), the Math Center
at the University of Arizona (2011), Bryn Mawr
College (2012), the University of Texas at Arlington
(2013), and Williams College (2014).

DOI: http://dx.doi.org/10.1090/noti1251
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Nothing Fancy: Focus and
Commitment Earn National
Award for Iowa State
Allyn Jackson
Every other summer the Department of Mathematics at Iowa State University hosts a Research
Experiences for Undergraduates (REU) program
that draws outstanding math majors from around
the nation, many of them women and many from
underrepresented minorities. Every month the
department holds a dinner where women PhD students, together with faculty mentors, can discuss
the special challenges women mathematicians
face. Every week department chair Clifford Bergman shows up at the tea for undergraduates held
in Sprague Lounge, a recently redesigned space
where students can meet and hang out. And every
weekday the Math Help Room offers free, walk-in
tutoring for any student who needs it.
These activities are not new or wildly innovative;
they are “nothing fancy,” as former chair and current associate vice president Wolfgang Kliemann
put it. But together they result in a synergy that

Participants at the 2013 Iowa State REU on
a trip to the High Trestle Trail Bridge.
has made the Iowa State mathematics department
a stand-out on its campus and a leader nationally.
Allyn Jackson is senior writer and deputy editor of the
Notices. Her email address is axj@ams.org.
Photos courtesy of the Iowa State University Department
of Mathematics.
DOI: http://dx.doi.org/10.1090/noti1255
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The key ingredients of the department’s success
are commitment and focus: the department took a
serious look at its responsibilities, established key
priorities, and marshalled the talents of its faculty.
For its outstanding achievements and for providing
an example of excellence on many fronts, Iowa
State has received the 2015 AMS Award for an Exemplary Program or Achievement in a Mathematics
Department.

New Directions
The Iowa State mathematics department has always been a congenial place with a faculty active
in research and dedicated to its students. But in
the 2000s, it began to move in some new directions that enhanced its sense of purpose. For
example, in 2001, on the initiative of then-chair
Justin Peters, the department became a founding
member of the Alliance for the Production of
African American PhDs in the Mathematical Sciences. The purpose of the alliance was to forge
connections between the Iowa regents universities and HBCUs (historically black colleges and
universities). In 2004 Peters and his colleague
Leslie Hogben received an REU site grant from
the National Science Foundation (NSF); the two
have collaborated on this highly successful REU
ever since. One can also sense the department’s
focus and determination in a self-study, carried
out in 2007, which made a serious assessment of
the progress the department had made on recommendations from an outside evaluation carried out
eight years earlier.
In 2008, while Kliemann was chair, the department engaged in extensive discussions about its
responsibilities and made a decision to focus on
two main priorities. The first was undergraduate
teaching. “For incoming students in mathematics, at least at large public institutions, what
they see [in their first mathematics course] is
their most important impression of the institution,”
said Kliemann. “Why? Because that course makes
or breaks their careers.” The department
devoted a great deal of time to examining why
students sometimes flounder in these courses
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and what can be done to make the courses more
successful for more students.

Focus on Undergraduate Teaching
One course that stood out was precalculus, in
which many students ended up in the DFW category—getting a D or F in the course or withdrawing
altogether. At Iowa State the DFW rate in precalculus sometimes went as high as 60 percent. Like
many universities, Iowa State had been herding
students through precalculus as cheaply as possible by delivering it over the Web. The thinking
was that all students had seen the material in high
school, so they needed only a refresher. “Anyone
who wanted to take it could just enroll,” recalled
Bergman. The message to students: “You’re on
your own, and lotsa luck getting through it.”
The department concluded that this approach
was not working. Putting forth Kliemann’s point
about how crucial students’ first university math
course is, the department successfully argued for
additional resources from the university to deliver the course in a more traditional—and more
expensive—format emphasizing person-to-person
contact. The result was an immediate 20 percent
rise in retention. The department also got funds
to hire a new faculty member, Timothy McNicholl,
who took on the task of redesigning the precalculus course. A new and better placement examination was instituted, and all incoming freshman are
required to take it. For the placement exam, “the
most important thing is to get all the academic
advisors on board,” Bergman remarked. Students
who place into precalculus often argue that they
already took it in high school, and their advisors
also might not see the need to repeat the course.
“We have to convince the advisors that if this
placement exam is telling us [their students] are
not ready for calculus, don’t put them in calculus,”
Bergman said. “We are making progress on that.”
Precalculus was not the only course the department revamped; indeed, it has taken a serious look
at all but one of its offerings and made changes
designed to improve student learning. It also
worked carefully on how to match instructors with
courses. As a result of these efforts, the department saw DFW rates fall below 30 percent in key
beginning courses. To provide consistent focus on
these issues, in 2009 the department founded the
Center for Excellence in Undergraduate Mathematics Education, directed by faculty members Elgin
Johnston and Heather Bolles. The center studies
performance of students in departmental courses,
engages faculty and graduate students on teaching
issues, and maintains communications with other
departments that rely on courses in the mathematics department. The center also coordinates
the department’s outreach activities; these range
from working with high schools and community
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colleges on articulation issues to hosting a high
school mathematics competition.
As the department worked to improve undergraduate teaching, the number of mathematics majors soared from about 130 in 2008 to about 300
today. Exactly why the rise occurred is not entirely
clear, but the special efforts the department has
made to provide a welcoming home to math majors have surely helped. The department created
Sprague Lounge, a gathering place for undergraduates that includes an entire wall painted with white
board paint. In 2011 two young mathematicians,
Steven Butler and Xuan Hien Nguyen, were hired.
Butler has a special flair for working with majors,
and he organizes the weekly undergraduate tea in
Sprague Lounge as well as game nights and other
activities that promote a sense of community. An
experienced juggler, Butler taught a class on the
mathematics of juggling in fall 2013. Together with
her colleague Heather Bolles, Nguyen organized a
Math Club for Future Teachers, which promotes
networking and career development. Nguyen also
redesigned the department’s orientation course for
math majors to devote less attention to policies
and procedures and more to career options and
to giving students a sense of the different fields
of mathematics.
Last fall the Iowa State mathematics department taught 10,500 students. Delivering excellent
instruction to all of them is a massive enterprise—
and a big responsibility. Meeting that responsibility
requires a mathematics department to continually
evaluate its courses to be sure they are working
well for students. “We did this for course after
course,” said Kliemann. Right now on the Iowa
State campus the mathematics department is
recognized as “the ‘poster child’ department for
showing how to put together a program that works
for a very large number of students but is still
responsive to the individual students.”

Commitment to Diversity
The second main priority the department identified in 2008 was the need to increase diversity,

Participants in the 2013 REU at Iowa State. Two
faculty members are seen in the back row:
Leslie Hogben (left) and Justin Peters (right).
AMS	
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What a Supportive Environment Can
Do: Leslie Hogben
Leslie Hogben is the granddaughter of Lancelot
Hogben, the zoologist and medical statistician
whose name is a household word in mathematics, largely due to his 1936 book Mathematics
for the Million. As a child growing up in Iowa,
Leslie corresponded regularly with her grandfather, who lived in England. They discussed a
wide variety of topics, including mathematics.
She finally met him when her family made
a trip to Britain after her senior year in high
school, and she got to know him better when
she spent her junior year in college at the University of Warwick. “He was quite a character,”
she recalled. “He was a renaissance man with
very broad interests.”
Probably the biggest influence leading Leslie
Hogben to make a life in mathematics was the
rich and stimulating environment in which she
grew up. Her father, Adrian Hogben, a medical
doctor and researcher, did science experiments
with her when she was 3 years old. Her mathematics teacher at University High in Iowa City,
Gerardus ver Voort, recognized her talents
early on. In her junior-year mathematics class,
four days of the week were devoted to the standard material, and one day was for exploring.
One exploration centered on was then known
as the 4-color conjecture. In just one class period, students proved the 6-color version. “It
took us more than a month, but we actually
proved that 5 colors were enough,” Hogben
recalled. “Of course, that was known at the
time, but we discovered a proof for ourselves.”
After receiving her PhD from Yale University
in 1978, under the direction of Nathan Jacobson, Hogben took a position at Iowa State University. At that time anti-nepotism rules were
still the norm, so her husband, Mark Hunacek,
also a mathematician, could not get a job in the
same department. So he went to law school and
embarked on a career as an assistant attorney
general. When Hogben had a child, she decided
she wanted to stay home full-time. The Iowa
State mathematics department supported this
decision by allowing her to take leave for two
years and to work part-time for four years, and
then it welcomed her back full-time. Although
she had tenure, under the circumstances
the department could have gotten rid of her
pretty easily. It never tried. “I was incredibly
naive and incredibly lucky when I picked this
department,” she said.
Hogben’s background and experiences bring
a deep understanding of how important mentoring and a supportive environment are to
budding mathematicians. She has for years
May 2015

been at the center of the department’s efforts
to nurture students, and her appointment in
2008 as diversity director has given her the
time to expand those efforts and to reach
out more systematically to underrepresented
groups. Hogben emphasizes that what the department has achieved in this regard does not
depend on her alone and is very much a team
effort. Nevertheless, her leadership has had a
big impact.
Her advice to graduate programs looking
to improve? “Don’t lower the standards, but
take active steps to help students meet those
standards.” Many studies have shown that if
changes are made that positively influence
the success of all students, those changes end
up having a disproportionate impact on the
underrepresented. “Most students are much
more alike than they are different,” she observed. “Most have an adjustment period to
graduate school. We help them become full
members of the department.…For this we
provide a friendly, welcoming, and supportive
environment.”

particularly in the graduate program. “We didn’t
have minority faculty, we didn’t have many women,
we didn’t have many minority graduate students—
that was exactly the situation when I took over as
chair in 2008,” Kliemann recalled. “We live in the
middle of Iowa. There isn’t much diversity!” The
state is 90 percent white. Nevertheless, the department took this priority to heart and found a couple
of effective avenues to pursue.
One was to utilize contacts it had made as a
founding member of the Iowa Alliance. By 2006
that program had expanded into its current incarnation, the National Alliance for Doctoral Study in
the Mathematical Sciences. Now usually referred
to simply as the Math Alliance, this organization
sponsors the annual Field of Dreams Conference
and collaborates with other national programs
that aim to increase diversity in the mathematical
sciences. The Iowa State department began to
work more closely with the Math Alliance. Faculty
made trips to minority-serving institutions in a
variety of locations, including Puerto Rico, Texas,
and Mississippi.
With these new connections, the Iowa State department ramped up recruiting efforts for its REU,
with a focus on bringing in more students from
minority-serving institutions and students from
institutions that traditionally do not send their
mathematics majors to graduate school. At the
time, the department had two sources of funding
for its REU: The NSF grant, and a grant from the
Iowa Alliance to support minority students. They
integrated students from the two funding sources,
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bringing together “the best young undergraduate
mathematicians from around the country and the
best young minority undergraduate mathematicians from around the country,” Kliemann said.
“It turned out this was a fantastic idea.”
The REU has been a great success. Of the sixty
students who participated in the four REUs held
since 2009, 25 percent are members of underrepresented minorities and 40 percent are women.
Of those who are no longer undergraduates, 57
percent have enrolled for a PhD in mathematics
(60 percent of the minorities and 52 percent of the
women). Another 18 percent enrolled in graduate
programs in science, technology, or engineering.
In that same time period, thirteen papers based
on work done in the REU have appeared in or have
been accepted by mathematics journals.
The REU has also had a positive impact on the
department’s graduate program. The department
has seen an increase in the number of applications to the graduate program, as well as a rise in
the number of PhDs awarded, from five in 2002
to thirteen in 2013. “Students are aware of our
department as a good place for graduate school,”
Bergman said. “You can’t underestimate how much
the REU has helped [in this regard]. We are on the
radar screens of all the best math undergraduates
in the country. It’s really been a great thing.”
In 2009 the department jumped with both
feet into the diversity effort, committing funds
to create a new position of diversity director.
Hogben was appointed to the post. She already
had a part-time position as the diversity director
for the American Institute of Mathematics, so the
departmental position allowed very efficient use
of her knowledge and skills. The department gave
her time off from teaching and a travel budget so
that she could concentrate on making connections
with minority-serving institutions and recruiting
students. Now that those efforts have started to
pay off, Hogben is spending more time on mentoring students. She emphasizes that this has not
been a one-woman show: several members of the
department also made recruiting trips and have
put a great deal of time and attention into the
mentoring and support of students.

No “Sink or Swim” Here
Today about 15 percent of the graduate students
in the Iowa State mathematics department are
members of minority groups. The department
also actively recruits women graduate students; in
spring 2014, 34 percent of the PhD students were
women, and women comprised 50 percent of the
PhD students who started in fall 2014. The efforts
to increase diversity among the graduate students
succeeded partly because the department has been
putting a great deal of effort into improving conditions for all graduate students. The signal clearly
is: If you are accepted here as a graduate student,
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we will do all we can to ensure you succeed. The
“sink or swim” approach that has been common in
mathematics PhD programs is absent here.
In their first year, graduate students get basic
advice from the director of graduate education,
such as which courses to take, and they are also
assigned a second mentor, who helps with other
aspects, such as understanding the culture of
mathematics and negotiating the ins and outs of
the department. More-advanced graduate students
act as peer mentors to the newer students.
Together with her colleague from the Department of Statistics, Karen Dornin, Hogben set up an
EDGE Mentoring Cluster, which promotes mentoring of women graduate students by faculty. The
clusters are part of the EDGE (Enhancing Diversity
in Graduate Education) program, which has been
running since 1998 and which received the AMS
Mathematics Programs That Make a Difference
Award in 2007. The success of the Iowa State
EDGE cluster led the department to establish a
new cluster called co-EDGE, which has similar
aims and is open to all students, male and female.
The department also has a mentoring cluster for
minority students called MOCA (Mathematicians
of Color Alliance). MOCA was started by Michael
Young, who was hired in 2014 as an assistant
professor after having spent several years in the
department on a postdoctoral fellowship from
the Alliance for Building Faculty Diversity in the
Mathematical Sciences.
The department has a lot of infrastructure to
shepherd graduate students into research early
on. This came about spontaneously as faculty
began working with groups of students and led to
the development of an Early Graduate Research
course. In addition, graduate students help out
with the REU, which allows them to take part in
the enthusiasm and excitement of the group research going on there and also to gain valuable
experience mentoring younger students. As a
result, said Hogben, “Our graduate students tend
to have a lot of research experience before they
write their theses.” The department could increase
the number of graduate students but consciously
keeps it at about 80 so that each research-active
faculty member has an average of 2.5 students.
With that ratio, the department can do its best for
all of the students.
The department has developed a “brand,” Kliemann said: It is a large department when it comes
to teaching, “but it is a relatively small and cozy
department when it comes to graduate studies.”
Probably the most important factor in developing
this brand is that the students who have studied in the department speak well of it. And the
admiration goes both ways. “We have a great
group of graduate students,” Bergman said. When
Iowa State hosted an AMS Sectional Meeting in
April 2013, the graduate students enthusiastiAMS	
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cally participated in many of the sessions and
also pitched in to act as guides and helpers. Said
Bergman, “They were fantastic representatives for
Iowa State.”
In improving the graduate program, “we didn’t
do anything fancy,” Kliemann said. The department makes a commitment to support students
through their studies and to give them the information they need to be successful after finishing. Said
Kliemann, “All of this contributes to the impression that we care about our students. And we do.”

Collegiality and Teamwork
A mathematics department in a large university
like Iowa State has many responsibilities, and
meeting them takes contributions from the whole
faculty. How does Iowa State get all the faculty on
the same page and working together? One way is by
acknowledging that, in meeting the department’s
multiple responsibilities, faculty members will contribute in different ways and to different extents. In
some departments, faculty discuss responsibilities
by saying to each other, “You should be doing this,
you shouldn’t be doing that,” Kliemann noted. “We
don’t do that here.”
About a dozen years ago the university began
requiring “position responsibility statements,”
and the mathematics department has found them
to be quite useful. Worked out between the chair
and each individual faculty member, a position
responsibility statement spells out what that faculty member will concentrate on. The statements
are revisited and updated annually. A major determinant of what appears in the statement is the
interests of the faculty member. The statements
help the department chair to assess the potential
and interests of the faculty and to match them with
the department’s responsibilities. When the chair
uses these statements well, “lots of people get a
chance to do what they would like to do,” Kliemann
said. Of course, having an effective chair is key to
making it all work, and the department has had a
succession of effective chairs who have led not by
preaching what to do but by doing.
The Iowa State department has achieved a great
deal, not through revolutionary changes, not by
implementing a cure-all program, and not by overloading a single faculty member who “does it all.”
Rather, it has relied on tried-and-true ideas, sound
educational principles, and dedicated teamwork.
“I don’t think we did anything that special,” said
Kliemann. “We were just absolutely serious. When
we discussed something and understood that it
was important to us, we were serious in implementing it.”
May 2015

Tenth Anniversary of the Exemplary
Award
This is the tenth anniversary of the AMS Award
for an Exemplary Program or Achievement in a
Mathematics Department. In winning the award
this year, the Iowa State Mathematics Department joins an outstanding group of top-quality departments—including its neighbor, the
mathematics department at the University of
Iowa, which received the award in 2007. (A
full list of departments that have received the
award appears in the official announcement of
the 2015 award, in this issue of the Notices.)
These award-winning departments work hard
every day to deliver excellent teaching, to go
the extra mile to support their students and
faculty, and to reach out to users of mathematics on the campus and beyond. Not every
department can aspire to be a Harvard or a
Princeton or a Berkeley. But every department
can gain by emulating the example set by those
that have received the Exemplary Award.
As a group, the award-winning departments
demonstrate the sense of responsibility and the
good will that the mathematical sciences community holds towards the other communities
it serves and towards society. Complaints that
mathematicians don't care about students or
teaching, that they are stuck in their own ivory
tower, are common. But increasingly, such
complaints ring hollow—and the departments
that have received this award over the past
decade are one reason why. They count among
the community's best exemplars and its best
ambassadors.
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2015 JPBM
Communications Award
The 2015 Communications Award
of the Joint Policy Board for Mathematics (JPBM) was presented at the
Joint Mathematics Meetings in San
Antonio, Texas, in January 2015.
The JPBM Communications
Award is presented annually to
reward and encourage journalists
and other communicators who,
on a sustained basis, bring mathematical ideas and information to
nonmathematical audiences. JPBM
Nate Silver represents the American Mathematical Society, the American
Statistical Association, the Mathematical Association of America, and the Society for Industrial and
Applied Mathematics. The award carries a cash
prize of US$1,000.
Previous recipients of the JPBM Communications Award are: James Gleick (1988), Hugh Whitemore (1990), Ivars Peterson (1991), Joel Schneider
(1993), Martin Gardner (1994), Gina Kolata (1996),
Philip J. Davis (1997), Constance Reid (1998),
Ian Stewart (1999), John Lynch and Simon Singh
(special award, 1999), Sylvia Nasar (2000), Keith J.
Devlin (2001), Claire and Helaman Ferguson (2002),
Robert Osserman (2003), Barry Cipra (2005), Roger
Penrose (2006), Steven H. Strogatz (2007), Carl
Bialik (2008), George Csicsery (2009), Marcus du
Sautoy (2010), Nicolas Falacci and Cheryl Heuton
(2011), Dana Mackenzie (2012), John Allen Paulos
(2013), and Danica McKellar (2014).

Citation
The 2015 JPBM Communications Award was
presented to Nate Silver for his award-winning
FiveThirtyEight.com website, his New York
Times best-seller The Signal and the Noise: Why
Most Predictions Fail—But Some Don’t (2012), and a
host of other ways in which he has helped the public to better understand the world through sound
and innovative use of statistics and extraordinarily
lucid explanations of his work.

Biographical Sketch
Nate Silver is a leading statistician and bestselling author known for his unique brand of
creativity, journalism, and statistical analysis.
He is the founder of the award-winning website
FiveThirtyEight, which was acquired by ESPN
in 2013. The site relaunched as an ESPN entity on
March 17, 2014, and expanded its coverage to include topics such as sports, economics, culture, science and technology, among others. FiveThirtyEight continues to provide data-driven coverage of politics, including forecasts of upcoming
elections.
Silver has established himself as today’s leading statistician through his innovative analyses of
political polling. He first gained national attention
during the 2008 presidential election, when he
correctly predicted the results of the presidential
election in forty-nine of fifty states, along with all
thirty-five US Senate races. In 2012 FiveThirtyEight predicted the election outcome in all fifty
states. FiveThirtyEight has made Silver the
public face of statistical analysis and political
forecasting.
Before he came to politics, Silver established
his credentials as an analyst of baseball statistics.
He developed a widely acclaimed system called
PECOTA (Player Empirical Comparison and Optimization Test Algorithm), which predicts player
performance, career development, and seasonal
winners and losers. He is a coauthor of a series of
books on baseball statistics, which include Mind
Game, Baseball between the Numbers, and It Ain’t
Over ’til It’s Over. Silver has written for ESPN.
com, Sports Illustrated, Slate, Baseball Prospectus,
Newsweek, The New York Post, and The Los Angeles
Times.
Silver has earned a series of accolades. Fast
Company chose him as No. 1 on their list of the
100 Most Creative People in Business 2013. He was
among Time magazine’s 100 Most Influential People
of 2009 and Rolling Stone magazine’s 100 Agents
of Change. In 2012 and 2013, FiveThirtyEight
won Webby Awards as the best political blog.
—JPBM announcement
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American Mathematical Society

AMS EXEMPLARY PROGRAM AWARD
CALL FOR NOMINATIONS

The AMS Award for Exemplary Program or
Achievement in a Mathematics Department is
presented annually to a department that has
distinguished itself by undertaking an unusual
or particularly effective program of value to the
mathematics community, internally or in relation
to the rest of the society. Examples might include
a department that runs a notable minority
outreach program, a department that has
instituted an unusually effective industrial
mathematics internship program, a department
that has promoted mathematics so successfully
that a large fraction of its university’s
undergraduate population majors in mathematics, or a department that has made some form of
innovation in its research support to faculty and/
or graduate students, or which has created a
special and innovative environment for some
aspect of mathematics research.

The award amount is $5,000. All
departments in North America that
offer at least a bachelor’s degree in
the mathematical sciences are eligible.
The Award Selection Committee requests nominations for this award, which will be announced in Spring 2016. Letters of nomination may be submitted by one or more individuals. Nomination of the writer’s own institution is permitted. The letter
should describe the specific program(s) for which the department is being nominated as well as the
achievements that make the program(s) an outstanding success, and may include any ancillary documents which support the success of the program(s). The letter should not exceed two pages, with
supporting documentation not to exceed an additional three pages.
Nominations with supporting information should be submitted to
www.ams.org/profession/prizes-awards/nominations. Those who prefer to submit by regular
mail may send nominations to the AMS Secretary, Professor Carla D. Savage, North Carolina State
University, Department of Computer Science, Campus Box 8206, Raleigh, NC 27695-8206. The
nominations will be forwarded by the Secretary to the Prize Selection Committee.

Deadline for nominations is September 15, 2015.

MAA Awards Given
in San Antonio

At the Joint Mathematics Meetings in San Antonio,
Texas, in January 2015, the Mathematical Association of America awarded several prizes.

Gung and Hu Award for Distinguished
Service
The Yueh-Gin Gung and Dr. Charles Y. Hu Award
for Distinguished Service to Mathematics is the
most prestigious award given by the MAA. It honors distinguished contributions to mathematics
and mathematical education in one particular
aspect or many, whether in a short period or over
a career.
The 2015 Gung and Hu Award was presented
to W. James Lewis, Aaron Douglas Professor of
Mathematics and director of the Center for Science,
Mathematics, and Computer Education at the University of Nebraska–Lincoln, for his outstanding
contributions to the mathematics education of
teachers, for his leadership in the mathematics
profession and in academia at all levels, for his
work increasing the visibility and participation of
women in mathematics, for his exemplary work
serving the state of Nebraska, and especially for
his vision and ability to bring together diverse
stakeholders in support of positive change in
mathematics.
Over the past two decades Lewis has profoundly changed not only mathematics education
but also the way mathematicians think about
mathematics education. In the late 1990s, the
Conference Board of the Mathematical Sciences
(CBMS) decided that the mathematics community, represented by a variety of mathematics
organizations, should make recommendations
about how K–12 mathematics teachers should be
educated. Lewis took on two major roles during
this time: chair of the steering committee that
DOI: http://dx.doi.org/10.1090/noti1244
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produced The Mathematical Education of Teachers,
published jointly by the MAA and the AMS as
part of the CBMS Issues in Mathematics Education
series, and cochair of the National Academy of
Sciences committee that wrote Educating Teachers of Science, Mathematics and Technology: New
Practices for the New Millennium (2000). The Mathematical Education of Teachers (MET), published in
2001, expounded what ought to be the principles
behind the preparation of high-quality mathematics teachers at the elementary, middle, and
high school levels. It was unwavering in its strong
advice but also recognized practical limitations. A
masterful blend of common sense, research-based
recommendations, and sensible commentary, it
changed the way mathematicians and educators
interact when talking about teacher preparation.
Lewis cochaired the 2001 National Summit
on the Mathematical Education of Teachers and
later the advisory board for the second “national
summit” focusing on minority-serving institutions. He continued to urge the involvement of
mathematicians in the mathematical education
of teachers. He served as Nebraska State Coordinator for the MAA’s PMET grant, as chair of
the organizing committee for the 2007 and 2014
Mathematical Sciences Research Institute (MSRI)
Critical Issues Workshops and of the organizing
committee for the 2008 MSRI workshop, and as
chair of the organizing committee for the 2011
CBMS forum Teaching Teachers in the Era of the
Common Core. Between 2005 and 2010 he was
one of two mathematicians who served on the
National Research Council (NRC) committee that
produced the report Preparing Teachers: Building
Evidence for Sound Policy. He also chaired the
writing team that produced the updated document
The Mathematical Education of Teachers II (2012).
The creation of this report was again a collaborative effort from a diverse group of experts given
AMS	
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cohesion through Lewis’s leadership and vision. It
too will have a lasting impact on our community.
Lewis’s mathematics education work at the
national level has not been restricted to the mathematical education of teachers. He was a member
of the AMS task force that produced Towards Excellence: Leading a Doctoral Mathematics Department
in the 21st Century (1999). Research mathematics
departments that have adopted the philosophy
advocated in Towards Excellence have produced
PhD graduates who are strong researchers and
well-rounded stewards of the profession.
In K–12 mathematics education, Lewis was
one of the authors of the US Department of Education’s What Works Clearinghouse practice
guide Developing Effective Fractions Instruction for
Kindergarten through Eighth Grade. He was also
a member of the National Council of Teachers of
Mathematics (NCTM) committee that produced the
documents Focus in Grade 6: Teaching with Curriculum Focal Points and Focus in Grades 7 and 8:
Teaching with Curriculum Focal Points.
Lewis was chair of the MAA Coordinating Council on Education, the AMS Committee on Science
Policy, and the AMS Task Force on the First-Year
College Mathematics Experience. He has served as
a member of the AMS Committee on Education, the
US Department of Education’s Mathematics Education Study Panel, the NRC’s Mathematical Sciences
Education Board, the National Science Foundation’s
(NSF) Education and Human Resources Directorate
Advisory Board, NSF’s Mathematics Education
Portfolio Review Committee, MSRI’s Education
Advisory Committee, Arizona’s Institute for Mathematics and Education, and Math for America’s
Board of Directors. He has served as chair of the
CBMS and on the advisory board for several NSFfunded projects. Currently, he is a member of the
planning committee for the Association of Public
and Land Grant Universities’ Mathematics Teacher
Education Partnership.
Lewis has had a profound effect on the shape
of K–16 education at the University of Nebraska–
Lincoln (UNL) and across the state of Nebraska. His
work with pre–service teachers started with the
creation (in close collaboration with Ruth Heaton
from UNL’s Department of Teaching, Learning and
Teacher Education) of the Mathematics Semester,
a ten-hour integrated experience involving courses
in math content, pedagogy, and field experience
that is now part of the education of all future elementary teachers at UNL. With financial support
from both internal and external sources, he has
since created an impressive collection of professional development opportunities for in-service
teachers over the past ten years. During this time,
he has been the principal investigator for two NSF
Math Science Partnerships, Math in the Middle
and NebraskaMATH, and for an NSF Robert Noyce
Scholarship grant, NebraskaNOYCE. The Math
May 2015

in the Middle program enabled 156 teachers to
earn master’s degrees. NebraskaMATH focuses
on teachers at the primary and high school levels;
one facet of the program is Primarily Math, which
enables teachers to earn K–3 Mathematics Specialists certificates, and another is the New Teacher
Network, through which secondary mathematics
teachers earn graduate credits and receive mentoring as they begin their teaching careers. In order
to have a long-term and lasting impact on teachers, Lewis created the Nebraska Math and Science
Summer Institutes, offering graduate-level courses
for in-service teachers in a sustainable way, both
online and in person across the state.
Lewis has also worked to encourage gender
equity and diversity in mathematics. The UNL
Department of Mathematics awarded no PhDs
to women during the 1980s. Lewis, on becoming
chairman in 1988, committed to transforming
the environment to one in which talented women
would be given the opportunities and support
needed to succeed. He led the charge to reexamine
the structure of the graduate program, making
changes as needed to remove barriers to success
and improving the graduate experience for all students. He actively recruited qualified women into
the graduate program. Since 1995 the department
has awarded 42 percent of its PhDs to women. The
department has maintained gender equity in the
graduate program, becoming nationally known
as one of the most successful departments in the
country for mentoring women in the profession.
In recognition of this tremendous transformation,
the department received a 1998 NSF Presidential
Award for Excellence in Science, Math, and Engineering Mentoring. Lewis was individually honored
as well with the 1996 UNL Chancellor’s Commission on the Status of Women Award and the 1997
Lincoln–Lancaster County Women’s Commission
Erasmus Correll Award.
Throughout his career, Lewis has been a tireless
advocate of the idea that mathematics research
and education go hand in hand. During his fifteen-year tenure as department chair at UNL, his
department created such enrichment programs
for K–12 education as UNL’s Math Day, the All
Girls/All Math summer camps for high school
girls, an NSF-funded Research Experience for
Undergraduates (REU) in applied mathematics,
and the Nebraska Conference for Undergraduate
Women in Mathematics. Partially because of his
legacy, the AMS honored the UNL Department of
Mathematics with the Society’s 2009 Award for
an Exemplary Program or Achievement in a Mathematics Department.

Beckenbach Book Prize
The Beckenbach Book Prize is named for Edwin
Beckenbach, a long-time leader in the publications
program of the MAA. The prize is intended to
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recognize the author(s) of a distinguished, innovative book published by the MAA and to encourage
the writing of such books. The award is not given
on a regularly scheduled basis. To be considered
for the Beckenbach Prize a book must have been
published during the five years preceding the
award.
The 2015 prize has been awarded to Seth
Braver, Puget Sound Community College, for his
book Lobachevski Illuminated (MAA Spectrum,
2011).
Mathematicians of all stripes know that the
non-Euclidean revolution was a game-changer in
nineteenth-century mathematics. But relatively
few mathematicians are acquainted with the
little book that heralded this revolution, Nikolai
Lobachevski’s Theory of Parallels (in German,
1840). In Lobachevski Illuminated, Braver gives us
a translation of the text, accompanies each of its
thirty-seven propositions with an extensive commentary, and places these ideas in their proper
historical context. As a result, Braver has done
nothing less than give new life to an old masterpiece.
He begins by celebrating Euclid’s Elements as
“mankind’s greatest monument to the power of
rational, organized thought.” So brilliantly did
Euclid develop his geometry and so long did this
development dominate the mathematical landscape that “any individual with the impertinence to
challenge Euclid’s authority was certain to inspire
reactions of both incredulity and scorn.”
Lobachevski was sufficiently impertinent—and
insightful—to do just that. He replaced Euclid’s
parallel postulate by an alternative to create a geometry so different that he called it “imaginary.”
By leading us through Lobachevski’s text, Braver
manages to recreate the excitement and, yes, the
unease that nineteenth-century mathematicians
must have felt. At the outset he cautions the modern reader, “If you have never left the Euclidean
world before, then be forewarned: you are about to
embark on a thoroughly disorienting (but strangely
exhilarating) journey.”
In the book, Braver sets apart Lobachevski’s
words (in red) from his own running commentary (in black) to flesh out the terse style of the
original. In the process, we become familiar, even
comfortable, with a new definition of “parallel,”
with triangles that have no circumscribing circle,
with horocycles and horospheres, and with the
peculiar trigonometry that arises naturally in the
process. It’s all there in Lobachevski’s own words,
augmented by Braver’s rich illuminations.
To add a bit of context to the geometrical ideas,
the author pauses now and then to discuss the
works of predecessors such as Saccheri, Legendre,
Gauss, and Clairaut. For instance, the last of these
had shown that the parallel postulate holds if
and only if a rectangle exists. Braver raises the
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intriguing question of how “the history of non-Euclidean geometry might have unfolded had Euclid
assumed the existence of a rectangle rather than
his parallel postulate.… Could the mere assumption that a rectangle exists have provoked Saccheri’s struggle to ‘free Euclid from every flaw’?”
The reader of Lobachevski Illuminated will encounter a host of such provocative questions, will
delve deeply into the history of geometry, and
will gain a thorough appreciation of the genius of
Nikolai Lobachevski.

Chauvenet Prize
The Chauvenet Prize recognizes a member or members of the MAA for the writing of an outstanding
expository article. First awarded in 1925, the prize
is named for William Chauvenet, who was a professor of mathematics at the United States Naval
Academy.
The 2015 Chauvenet Prize was awarded to Dana
Mackenzie for the article “A Tisket, a Tasket, an
Apollonian Gasket,” American Scientist 98 (2010),
no. 1, 10–14.
Start with three mutually tangent circles, insert
a fourth circle tangent to all three, and iterate. If
the four circles have curvatures that are integers,
then all subsequent curvatures are integers too,
and the construction yields an integral Apollonian
circle packing. (See image above from Mackenzie's
article.)
Writing as a tour guide for the scientifically literate traveler to the world of mathematical research,
the author narrates a charming Apollonian journey
with waypoints that include classical Greek geometry, correspondence between René Descartes and
Princess Elizabeth of Bohemia, Japanese temple
problems, the poetry of a Nobel laureate in chemistry, and fractal dimension. During the excursion,
the guide muses on cultural differences between
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physicists and mathematicians, computer experimentation as a source of mathematical problems,
and creativity as an ingredient in mathematical
proof.
Beginning with the first principles, the engaging
exposition conducts the reader to the frontiers of
mathematical research. The author whets the reader’s appetite for further adventures by mentioning
some unsolved problems of number theory. This
exemplary article appeals to mathematicians and
nonmathematicians alike.
Dana Mackenzie received his PhD from Princeton University in 1983 and taught for thirteen
years at Duke University and Kenyon College. In
1996 he entered the Science Communication Program at the University of California at Santa Cruz,
and since then he has been a freelance journalist,
specializing in mathematics while also writing in
other sciences. His writing has been published in
Scientific American, Science, Discover, New Scientist, Smithsonian, and American Scientist. He has
written two books for the general public, including
The Universe in Zero Words (Princeton University
Press, 2012). He also writes the ongoing series
What’s Happening in the Mathematical Sciences,
published by the American Mathematical Society.

Euler Book Prize
The Euler Book Prize is given to the author or authors of an outstanding book about mathematics.
Mathematical monographs at the undergraduate
level, histories, biographies, works of mathematical fiction, and anthologies are among those types
of books eligible for the prize. The prize was given
for the first time in 2007, the three hundredth
anniversary of the birth of Leonhard Euler.
The Euler Prize for 2015 was awarded to Edward Frenkel of the University of California
Berkeley for Love and Math: The Heart of Hidden
Reality (Basic Books, New York, 2013).
What if you had to take an art class in which
you were taught only how to paint a fence? What
if you were never shown the paintings of van Gogh
and Picasso, were not even told they existed? Alas,
this is how math is taught, and so for most of us
it becomes the intellectual equivalent of watching
paint dry.
In Love and Math, renowned mathematician
Edward Frenkel reveals a side of math we’ve never
seen, suffused with all the beauty and elegance
of a work of art. In this heartfelt and passionate
book, Frenkel shows that mathematics, far from
occupying a specialist niche, goes to the heart of
all matter, uniting us across cultures, time, and
space. Love and Math tells two intertwined stories: of the wonders of mathematics and of one
young man’s journey learning and living it. Having
braved a discriminatory educational system to
become one of the twenty-first century’s leading
mathematicians, Frenkel now works on one of the
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biggest ideas to come out of mathematics in the
last fifty years: the Langlands Program. Considered
by many to be a Grand Unified Theory of Mathematics, the Langlands Program enables researchers
to translate findings from one field to another so
that they can solve problems, such as Fermat’s Last
Theorem, that had seemed intractable before. At
its core, Love and Math is a story about accessing
a new way of thinking which can enrich our lives
and empower us to better understand the world
and our place in it. It is an invitation to discover
the magic hidden universe of mathematics. It was
a New York Times bestseller, was named one of the
best books of 2013 by both Amazon and iBooks,
and is being translated into fourteen languages.
Edward Frenkel is a professor of mathematics
at the University of California, Berkeley, which
he joined in 1997 after being on the faculty at
Harvard University. He is a member of the American Academy of Arts and Sciences, a Fellow of
the American Mathematical Society, and the winner of the Hermann Weyl Prize in Mathematical
Physics. Frenkel has also coproduced, codirected,
and played the lead in the film Rites of Love and
Math (Sycamore Films, 2010).

Haimo Awards for Teaching
The Deborah and Franklin Tepper Haimo Awards
for Distinguished College or University Teaching
of Mathematics were established in 1991. These
awards honor college or university teachers who
have been widely recognized as extraordinarily
successful and whose teaching effectiveness has
been shown to have had influence beyond their
own institutions.
The 2015 Haimo Awards were presented to
Brian Hopkins (Saint Peter’s University), Judith
Covington (Louisiana State University–Shreveport), and Shahriar Shahriari (Pomona College).
The following is taken from their prize citations
and biographical information.
Brian Hopkins is described as a master teacher
with a genuine desire to see all of his students
succeed. With a knack for posing problems and
the ability to create an atmosphere of mutual respect and exploration in his classroom, Hopkins’s
courses are student centered, featuring carefully
chosen problems that lead students to discover
mathematics for themselves. Discovery happens
at all levels, from elementary counting problems
in finite mathematics to complex applications of
modern mathematics in symbolic dynamics, phylogenic trees, or the mathematics of search engines.
In many of his upper-division courses, Hopkins
also exposes mathematics majors to the nature
of mathematical research by having his students
read contemporary research articles. Students
praise Hopkins for his passion for mathematics,
his patient and giving manner, his challenging
coursework, and his unique teaching style.
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At Saint Peter’s University, Hopkins has been
instrumental in creating three new courses for
the math department: the Mathematics Technology Laboratory, where sophomore majors learn
Mathematica and LaTEX; an undergraduate research course in which students outside the university’s honors program can do research; and the
Senior Seminar in Mathematics, which serves as a
capstone experience for mathematics majors. He
has also helped the department develop a threecourse graduate-level track for middle school
teachers to meet new certification requirements.
His teaching in this three-course sequence is informed by his many years of working with teachers
in professional development.
Hopkins has been working closely with fifty to
sixty teachers each year since 1998 as a staff member with the Institute for Advanced Study’s Park
City Mathematics Institute (IAS/PCMI). Participants
ranging from elementary to high school mathematics teachers voice appreciation for Hopkins’s
ability to connect with such a diverse group in a
meaningful way, enhancing teacher instruction by
improving mathematical knowledge and reinvigorating the teachers’ interest in the field. He has
had a similar impact on hundreds of Colorado and
New Jersey middle school and high school teachers
in his role as facilitator for both the Pike’s Peak
MathTeachers Circle Summer Academy (2008–12)
and the Institute for New Jersey Mathematics
Teachers since 2002.
Hopkins is an active researcher with interests
in combinatorial number theory and mathematics
applied to social science, including game theory
and fair division. Over the years Brian has led
undergraduate research with over thirty students
at Saint Peter’s University, including two Research
Experiences for Undergraduates (REU) programs
for which he obtained external funding. This work
has led to more than twenty student presentations
and posters at local and national conferences.
Saint Peter’s University students have recognized Hopkins’s talents by awarding him the Francis A. Varrichio Award for Excellence in Teaching
in 2004, 2007, and 2012. Hopkins also received the
New Jersey MAA Section Award for Distinguished
College or University Teaching of Mathematics in
2011. He won the George Pólya Award in 2005 for
an article coauthored with Robin Wilson titled “The
truth about Königsberg,” College Math. J. 35 (2004),
no. 3, 198–207), and in January of 2014 Hopkins
started his new role as editor of that MAA journal.
Hopkins is a professor of mathematics at Saint
Peter’s University in Jersey City, New Jersey. He
received his PhD from the University of Washington. He has also taught at Seattle University,
Harvey Mudd College, and New York University (in
the politics department). Another major aspect of
his teaching has been facilitating content-based
professional development for K–12 mathematics
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teachers in New Jersey, Colorado, and Washington
State and reaching throughout the country with
the IAS/PCMI Summer School Teachers Program.
Hopkins edited the 2009 Resources for Teaching
Discrete Mathematics (MAA, 2001) and coedited
Martin Gardner in the Twenty-First Century (MAA,
2012). He has published research papers dealing
with integer partitions, combinatorial proofs,
graph theory, Rado numbers, history of mathematics, game theory, and fair division.
Judith Covington is a talented and passionate
teacher devoted to mentoring current and future
teachers. Her teaching is characterized as well
rounded, making use of a healthy balance of
traditional and innovative teaching methods. Her
students describe her as patient, accessible, dedicated, helpful, and knowledgeable. Her colleagues
admire the energy and expertise she brings to
the classroom and to the teachers she mentors.
Covington’s ability to reach and inspire future and
current teachers is a special gift.
Covington has received several large grants to
develop teacher–preparation programs in Louisiana. In the late 1990s she designed two new innovative courses for future elementary teachers and
an intensive summer workshop for middle school
teachers. The courses remain a requirement for
students in elementary education today. Louisiana
State University–Shreveport has been recognized
by the state of Louisiana for its exceptional preparation of elementary education graduates in mathematics and the sciences. Covington also designed
a highly successful inquiry-based college geometry
course for pre-service teachers.
In 2010 Professor Covington founded the North
Louisiana Math Teachers Circle (NLMTC), involving
teachers from northern Louisiana in monthly problem-solving sessions. Pre-service and in-service
teachers appreciate Covington for fostering a love
of problem solving and a passion for mathematics.
Her enthusiasm for mathematics and her dedication to her students is clearly making a difference
in her local community.
Covington has also had an extraordinary impact
in teaching at the national level. A member of the
first Project NExT class, she has served on the
Project NExT leadership team for almost twenty
years, having a direct and profound impact on
the professional careers of over 1,400 new faculty
members who are themselves shaping mathematics education across the nation. She runs
the Project NExT NExTEd email list, providing a
vibrant forum for young faculty specializing in
mathematics education, and she teaches a Project
NExT minicourse titled “Preparing Teachers”. As
her colleagues describe, Covington’s knowledge,
energy, and ability to work with people make her
the perfect role model for teachers of all levels.
Covington’s success in teaching has been recognized at the university, local, and state levels.

AMS	

Volume 62, Number 5

In 2004 she was awarded the LSU–Shreveport
Elmer and Barbara Simon Distinguished Teaching
Professorship, and in 2012 she received both the
Champions for Mathematics Education Award
from the local National Council of Teachers mathematics affiliate and the Louisiana-Mississippi MAA
Section’s Distinguished Teaching Award.
Covington received her PhD from the University
of Louisiana–Lafayette in 1993. She accepted her
first job at LSU–Shreveport upon graduation and
continues to serve there as a professor of mathematics. Early in her career she developed a passion
for working with future teachers, and the majority
of her teaching load is courses for future elementary teachers. She has provided professional development opportunities for teachers at all levels. In
2010 she founded the North Louisiana Math Teachers’ Circle, which is still active today. Each month
about twenty-five middle school teachers gather
to work on interesting problems in mathematics.
Shahriar Shahriari is a gifted and accomplished
teacher, recognized for the significant time he
spends mentoring students. Described as both
passionate and inspirational, he has the ability
to engage students of all levels, and he makes
concerted efforts to reach out to students from
underrepresented groups. Students, alumni, and
colleagues are particularly appreciative of the
supportive learning communities Shahriari creates
by intentionally getting students to work collaboratively in groups. These learning communities
have empowered students to become resourceful
and self-reliant. Students describe their experience
working with Shahriari as challenging, transformational, and deeply rewarding.
At Pomona College, Shahriari designed a widely
popular and challenging Honors Calculus II course
that uses the prime number theorem as a unifying
theme for the standard calculus curriculum, covering convergence, differentiation, and integration.
Shahriari teaches this course using hands-on experimentation, and his colleagues report that students “clamber over themselves to engage with it.”
As one colleague describes, the course “proceeds
like a collection of seemingly independent short
stories whose thematic commonalities slowly, but
surely and excitingly, come into relief as a beautiful and connected theory.” Shahriari teaches at
a high level of sophistication, but he organizes
the material in manageable pieces. The notes
and problem sets for the course were ultimately
published by the AMS in the form of a textbook
titled Approximately Calculus, a book that won the
American Library Association’s Choice Award for
Outstanding Academic Title in 2007.
At Pomona, Shahriari has won the Wig Distinguished Professor Award for Excellence in Teaching
four times. Recipients of the Wig Award are elected
by the junior and senior classes in recognition of
exceptional teaching and mentorship, as well as
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service to the college and community. Shahriari
also cofounded the Pomona Academy for Youth
Success (PAYS), a summer program targeting high
school students from traditionally underrepresented groups and designed to mentor students on
all things related to college admission and college
life. In nine years, it has graduated two hundred
twenty students, all of whom have been accepted
at four-year institutions. Shahriari was also the
cofounder of an undergraduate research seminar
in the mathematics department at Pomona, and he
has published peer-reviewed research articles with
twenty-four student coauthors.
Shahriari is the William Polk Russell Professor of Mathematics at Pomona College, where
he has been since 1989. He received his PhD
from the University of Wisconsin–Madison, where
he was a student of Marty Isaacs. His main research interests are combinatorics of posets
and extremal combinatorics. He serves on the
editorial board of Order, was a cowinner of MAA’s
Carl B. Allendoerfer Award in 1998, and received
the 2014 MAA Southern California–Nevada Section
Teaching Award. He coteaches Research Circle, a
class in which the sole aim is to work on an open
research problem, and he emphasizes collaboration and student discovery in all of his classes.
—MAA announcements
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AWM Awards Given
in San Antonio

The Association for Women in Mathematics (AWM)
presented several awards at the Joint Mathematics
Meetings in San Antonio, Texas, in January 2015.

Louise Hay Award
The Louise Hay Award for Contributions to Mathematics Education recognizes outstanding achievements in any area of mathematics education.
Louise Hay was widely recognized for her contributions to mathematical logic and for her devotion
to students.

Citation
The 2015 Louise Hay Award for Contributions
to Mathematics Education was presented to
T. Christine Stevens, professor of mathematics
and computer science at Saint Louis University,
in recognition of her outstanding contributions
to the teaching and learning of mathematics. Stevens received her PhD from Harvard University
under the direction of Andrew Gleason. She was
cofounder and codirector, with James Leitzel, of
Project NExT, a professional development program
of the MAA for faculty in their first two years of
full-time teaching. She was the sole director of
Project NExT during the years 1998–2009, gradually adding recent Project NExT Fellows and
others to the leadership team. More than 1,000
new faculty members participated in Project NExT
under her leadership, about half of them women.
Approximately 400 other faculty members have
been involved with Project NExT as consultants and
workshop presenters. Many fellows have gone on
to win teaching awards of their own, often citing
Project NExT as a factor in their success.
Her contributions to mathematics education are
manifold. She has had an impact on national science policy through her service as an AMS/MAA/
DOI: http://dx.doi.org/10.1090/noti1245
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SIAM Congressional Science Fellow, her chairing
of the MAA’s Science Policy Committee, and her
service on the SIAM Science Policy Committee. She
was an Associate Program Director for the Teacher
Enhancement Program at NSF. She has been a
strong advocate for expanding opportunities for
underrepresented groups as a member of the MAA
Committee on Minority Participation in Mathematics and on many other committees.

M. Gweneth Humphreys Award for
Mentorship of Undergraduate Women in
Mathematics
This award is named for M. Gweneth Humphreys
(1911–2006). Humphreys graduated with honors
in mathematics from the University of British Columbia in 1932, earning the prestigious Governor
General’s Gold Medal at graduation. After receiving
her master’s degree from Smith College in 1933,
Humphreys earned her PhD at age twenty-three
from the University of Chicago in 1935. She taught
mathematics to women for her entire career. This
award, funded by contributions from her former
students and colleagues at Randolph-Macon Woman’s College, recognizes her commitment to and
her profound influence on undergraduate students
of mathematics.
The 2015 award was presented to Ruth Haas
of Smith College. She has been a driving force in
the strong and vibrant mathematics community at
Smith, having nurtured and supported a generation
of women mathematics students. An impressive
alumnae body attests enthusiastically to the crucial
role she played in their decision to major in mathematics, attend graduate school, and ultimately
pursue careers in the mathematical sciences. Former students praise her unwavering support as
they move on from Smith, pursue their careers, and
face both personal and academic setbacks. Haas
was instrumental in establishing the Center for
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Women in Mathematics and the highly successful
postbaccalaureate program at Smith. She has developed and supported many other academic and
community-building initiatives, including a highly
effective undergraduate research course, the annual WIMIN conference (Women in Mathematics in
the Northeast), a program for junior visitors, a high
school outreach program, and weekly seminars. A
sentence in her nomination letter reads: “Of the US
citizen women earning doctorates in mathematics
in 2013 from the top 100 graduate schools in
America, 6 percent were mentored by Ruth Haas.
From her position at a relatively small school, Ruth
Haas is mentoring a sizable percentage of the new
generation of American women mathematicians.”

Schafer Prize
The Alice T. Schafer Prize for Excellence in Mathematics by an Undergraduate Woman is named for
Alice T. Schafer (1915–2009), one of the founders
of AWM and its second president, who contributed
greatly to women in mathematics throughout
her career. The criteria for selection include, but
are not limited to, the quality of the nominee’s
performance in mathematics courses and special programs, an exhibition of real interest in
mathematics, the ability to do independent work,
and, if applicable, performance in mathematical
competitions.
The 2015 Schafer Prize was presented to Sheela
Devadas of the Massachusetts Institute of Technology. As a sophomore in high school, Devadas
joined a research group for high school students
at MIT (PRIMES), where she was assigned a project
on Cherednik algebras. As a fifteen-year-old, she
quickly mastered the basics of representation theory, commutative algebra, and computer algebra
systems. In 2011 she won a silver medal in the
Advantage Testing Foundation Math competition
for girls.
After completing her junior year of high school,
Devadas began studying at MIT, taking many advanced mathematics courses, including Fourier
analysis, arithmetic geometry, discrete mathematics, and graduate-level courses in randomness and
computation, representation theory, cryptography,
and commutative algebra. Continuing her work
in representation theory, she is now coauthor of
a paper to appear in the Journal of Commutative
Algebra. Her mentors comment that this is an
“excellent paper” and that her work is at a level far
beyond her age. Devadas shows great breadth by
also engaging in research in theoretical computer
science, specifically homomorphism testing. These
results are currently being written for publication.
Devadas is described as having the “highest
level of imagination and skill”; an “outstanding
student” who is “brilliant, and at the same time
very hard working, mature, and motivated”; and
having “a bright research career ahead of her.” She
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is called “second to none” among “many amazing
MIT undergraduates.”
In addition, Samantha Petti of Williams College was honored as runner-up in the 2015 Schafer
Prize competition. Madeline Brandt of Reed
College was awarded Honorable Mention.

AWM Service Award
Four women were presented with the AWM Service
Award, which recognizes individuals for helping
to promote and support women in mathematics
through exceptional voluntary service to the AWM.
The award is given annually to selected volunteers
in recognition of their extensive time and effort devoted to AWM activities during the previous seven
years. The 2015 awardees are Kathryn Leonard,
Elebeoba E. May, Irina Mitrea, and Christina
Sormani. Leonard, of California State University
Channel Islands, was recognized for her active
involvement with the AWM Meetings Committee
and as principal investigator on the grant funding
the AWM 2013 Research Symposium and the AWM
Workshop at JMM 2014. May, of the University of
Houston, was recognized for her active involvement with the AWM Meetings Committee and for
helping to organize the AWM-SIAM workshops at
the SIAM annual meetings. Mitrea, of Temple University, was honored for her service to AWM as a
principal investigator on a successful NSF Sonia
Kovalevsky Day grant and for her leadership of
the team that organized the AWM activities at the
2010, 2012, and 2014 USA Science and Engineering
Festivals. Sormani, of the City University of New
York Graduate Center and Lehman College, was
recognized for her active involvement with the
AWM Meetings Committee as a member of the JMM
Committee that oversees the AWM activities at the
Joint Mathematics Meetings.
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2015 Mathematics Programs
That Make a Difference
Each year the AMS Committee on the Profession
(CoProf) selects outstanding programs to be designated as Mathematics Programs That Make a Difference. For 2015 CoProf selected two programs:
the Center for Undergraduate Research in
Mathematics (CURM) at Brigham Young University and the Pacific Coast Undergraduate
Mathematics Conference (PCUMC).

Citation: CURM
Be it resolved that the American Mathematical
Society and its Committee on the Profession recognize the Center for Undergraduate Research in
Mathematics (CURM), housed in the Department
of Mathematics at Brigham Young University, for
its significant efforts to encourage students from
underrepresented groups to continue in the study
of mathematics.
CURM provides training and funding for mathematics faculty at institutions across the United
States to engage small groups of undergraduates in
research during the academic year, with an emphasis on recruitment from underrepresented groups
and historically minority-serving institutions. Since
its creation in 2007, 312 students and 96 faculty
members from 89 different institutions have
participated in the program. Faculty begin their
engagement with CURM by attending a three-day
summer workshop where they receive extensive
advice on mentoring undergraduate research.
After returning home, CURM faculty conduct
research projects for groups of two to five students, culminating in an annual conference where
the students present their findings. These efforts
have yielded 263 conference presentations and
32 published research papers by CURM students.
Nearly two-thirds of CURM alumni have gone on to
graduate school, with many alumni attesting that
their experience with CURM played a major role in
that decision, while CURM faculty report that the
program has a significant and lasting impact on
the practices and cultures of their departments.
Several institutions have replicated the CURM
model, on a smaller scale, to develop mentoring
DOI: http://dx.doi.org/10.1090/noti1253
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programs and research opportunities for all their
mathematics students. CURM has been supported
by the Division of Mathematical Sciences of the
National Science Foundation.
The AMS commends the Center for Undergraduate Research in Mathematics and its administrators
for their high level of commitment and successful
efforts to improve diversity in the profession of
mathematics in the United States.

About CURM
In the last couple of decades, Research Experiences for Undergraduates (REU) programs have
multiplied. Often with funding from the National
Science Foundation (NSF), REU programs typically
bring undergraduate mathematics majors to a
college or university campus for an intensive
research experience lasting several weeks over
the summer. The REU model has been highly
successful, creating a lasting impact on students,
many of whom continue to doctoral programs in
the mathematical sciences or other areas, as well
as on to the faculty of the institutions where the
REU programs are held.
The Center for Undergraduate Research in
Mathematics (CURM), founded in 2007 in the
mathematics department at Brigham Young University, operates on a model complementary to
that of traditional REUs. CURM provides support
and training to faculty so that they can build, at
their home institutions, small groups of two to
five undergraduate students to work on research
projects during the academic year. With a focus on
minority-serving institutions, CURM has two main
aims. The first is to get undergraduate students
excited about research and to encourage them to
finish their degrees and consider graduate school.
The second is to help untenured faculty successfully negotiate the critical career transition point
at which they become full-fledged mathematics
professors.
Faculty apply to participate in CURM, and those
who are accepted receive “mini-grants” that range
from US$15,000 to US$25,000. The mini-grants
provide stipends for participating faculty and
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students, travel, and supplies. CURM is funded by
two grants totaling US$2.6 million from the NSF’s
Division of Mathematical Sciences, as well as support from the VWR Foundation and Brigham Young
University. Participating faculty come to Brigham
Young for a three-day workshop designed to train
them as mentors to undergraduate students doing
research. After the faculty return to their home institutions, CURM provides them with support and
advice throughout the academic year as they work
on research projects with their students. Faculty
return to Brigham Young, together with their student groups, for CURM’s annual Student Research
Conference, where students present their findings.
“I cannot think of a mathematics program that
has made a larger difference in undergraduate
mathematics research than [CURM],” wrote Kathryn Leonard in a letter supporting CURM for the
Programs That Make a Difference award. Leonard,
who is at California State University–Channel Islands, received CURM grants for two years. “CURM
transformed the lives of my students, all of whom
were from underrepresented groups or were
first-generation college students.… Their experience with CURM built confidence, experience and
a sense of their place in the mathematical world.”
CURM has had a profound and widespread effect. Since its inception, the center has provided
financial support to over three hundred undergraduate students (48 percent female, 26 percent
minority, and 21 percent first-generation college
students). CURM students have written 130 joint
research papers and have given over 250 single or
joint conference presentations or poster presentations. Their work has garnered a total of thirty
awards. What is more, CURM gives undergraduates the inspiration and the confidence to consider graduate education. Among all mathematics
majors at CURM-participating institutions, only
18 percent go on to graduate school. By contrast,
63 percent of CURM students do so.
The effects of CURM on faculty have also been
significant. Almost one hundred faculty members
from close to ninety institutions have participated in CURM. After completing the CURM year
of mentoring, over 90 percent of them have continued to work with undergraduates in research.
These faculty members have also been energized
to change the practices and cultures within their
own departments to emphasize excellent teaching
and mentoring and to encourage students to reach
their highest potential.
“[T]he CURM program has been highly effective in bringing the full undergraduate research
experience to students and faculty at institutions
[like mine],” wrote Rebecca Garcia of Sam Houston
State University in a letter supporting CURM’s
nomination for the award. Using her CURM experience and with funding from the NSF and from the
National Security Agency, Garcia launched PURE
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Math, (Pacific Undergraduate Research Experience
in Mathematics), the first and only mathematics
undergraduate research program located in the US
Pacific Islands. Garcia, who was born and raised in
Guam, is probably the first female Pacific Islander
to receive her doctoral degree in pure mathematics
and the only female Pacific Islander mathematician
in higher education.
Leonard also successfully applied for funding from the NSF to launch an REU at her home
institution. “The simplicity and effectiveness of
the CURM model to inspire and sustain active undergraduate research programs is unmistakable,
and is particularly noteworthy at schools where
research might not be a high priority,” Leonard
said in her letter. “Most important, CURM provides
a life-changing experience for students who need
it most. CURM truly makes a difference.”
CURM Director: Michael Dorff, Brigham Young
University

Citation: PCUMC
Be it resolved that the American Mathematical
Society and its Committee on the Profession recognize the Pacific Coast Undergraduate Mathematics
Conference (PCUMC) for its significant efforts
to encourage students from underrepresented
groups to continue in the study of mathematics.
PCUMC is an annual one-day student conference
held at a rotating group of colleges and universities
in the greater Los Angeles area. The conference
gives undergraduates the opportunity to share
research and expository projects, and aims to
encourage the participation of underrepresented
minorities and women in the undergraduate
mathematical community. Since its founding in
2006, the PCUMC has hosted 2,400 participants
(including nearly 400 student speakers) from
more than one hundred different institutions, of
which thirty-seven are Hispanic-Serving Institution
members of the Hispanic Association of Colleges
and Universities. In addition to student presentations and carefully selected keynote speakers, the
conference features panel discussions on topics
such as graduate programs, summer internship
and research opportunities, and career options in
the mathematical sciences. Many of the keynote
speakers and panelists are from industry. The
student participants praise the conference’s welcoming and supportive environment, and faculty
at participating institutions laud PCUMC as one of
the most significant events for their mathematics
majors each academic year. PCUMC has had a
substantial impact on undergraduate mathematics
in southern California, and provides a model that
could be adopted in other metropolitan areas.
The AMS commends the Pacific Coast Undergraduate Mathematics Conference and its
organizers for their high level of commitment
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and successful efforts to improve diversity in the
profession of mathematics in the United States.

About PCUMC
On March 14, 2015, over six hundred students
and faculty from colleges and universities across
southern California and Nevada descended on
the campus of California Lutheran University in
Thousand Oaks for the tenth annual Pacific Coast
Undergraduate Mathematics Conference (PCUMC).
This particular installment of the annual PCUMC
was special for at least two reasons. First, it was
held on “Super Pi Day,” the date of which can be
written as 3.14.15, representing the first five digits
of π. Second, in recognition of the one-hundredth
anniversary of the Mathematical Association of
America (MAA), the conference was held jointly
with the MAA's Southern California-Nevada Section. In addition to screenings of the MAA Centennial video, the PCUMC featured π-themed plenary
lectures, student poster and talk sessions, and
panel discussions, as well as more light-hearted
events like the “pi-athon” session in which participants recited the digits of π for the sheer fun of it.
Since its establishment in 2006, the PCUMC
has become an annual event eagerly anticipated
by students and faculty in the greater Los Angeles area. The number of participants has grown
from 86 in the first year to a high of 650 in 2012.
The goal of the PCUMC is to provide support and
mentoring to undergraduate students who are the
future members of the mathematical community.
The conference brings the students into contact
with outstanding role models and raises awareness
about career options and advanced study in the
mathematical sciences. In the friendly, supportive
atmosphere of the PCUMC, students can make presentations about expository mathematics or about
their own work, get to know others who share their
interest in mathematics, hear high-quality lectures
by senior mathematicians, and attend panel discussions about graduate school and careers. In
addition, the PCUMC makes a special attempt to
reach out to younger students by including special
freshman and sophomore talk sessions.
The granddaddy of all undergraduate mathematics conferences is no doubt the Hudson River
Undergraduate Math Conference, which started in
1994 and nowadays draws around four hundred
participants each year. In 2003, with a grant from
the National Science Foundation (NSF), the MAA
started a program called RUMC (Regional Undergraduate Mathematics Conferences), to seed new
undergraduate mathematics conferences around
the nation. PCUMC got started with funding from
this program. Since then PCUMC “has lived up
to our expectations and in fact has far exceeded
them,” wrote Colin Adams of Williams College in
a letter supporting PCUMC for the Mathematics
Programs That Make a Difference award. Adams is
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a co-principal investigator on the above-mentioned
NSF grant and a founder of the Hudson River conference. The high of 650 PCUMC participants in
2012 was to his knowledge “the largest number
of participants in any undergraduate mathematics conference that has yet occurred anywhere.”
In addition to the support from the MAA, PCUMC
has received its own grants from the NSF, as well
as funding from the National Security Agency and
the Raytheon Company.
Held on the second Saturday of March, PCUMC
rotates around institutions in the greater Los Angeles area and has been held at Occidental College,
Loyola Marymount University, Pepperdine University, UC Riverside, Cal Poly Pomona, and California
Lutheran University. Since its inception, the PCUMC
has attracted over 2,400 participants and featured
almost 400 student speakers representing 123
different institutions.
The conference puts special emphasis on bringing in women students and students who are
members of underrepresented minorities. Close to
1,000 PCUMC participants have been women, 582
have been Latino/a or Hispanic, and 82 have been
black or African American. PCUMC has developed
strong ties with Hispanic-serving institutions and
community colleges in southern California. One
of the most important benefits of PCUMC is that
it allows students to forge bonds with others who
share their interest in mathematics—and such
bonds can be especially important for students
from underrepresented minorities. Often these
students come from backgrounds where there
is little support for pursuing higher degrees and
where they are seen as unusual for their interest in
mathematics. For such students to attend PCUMC
and make contact with others like themselves
causes a profound change in their outlook—they
really view themselves as part of the mathematical
community.
PCUMC not only has a direct positive impact on
the students who attend. It also brings benefits
to their institutions. Dana Clahane of Fullerton
College first participated in PCUMC in 2010,
when he brought a group of thirty students. “The
response was nothing but long-lasting enthusiasm by the students who attended,” he wrote
in a letter supporting PCUMC’s nomination for
the award. “Attendance at our colloquia has
ballooned since then ranging from ten to one
hundred students and faculty each week, usually
averaging approximately twenty-five.… PCUMC
should be thanked for this miracle.” Since 2010
Fullerton College has been a major participant
in PCUMC. A majority of Fullerton students attending the conference have been women and
members of underrepresented minorities. Most
Fullerton participants are actually not mathematics majors. And this points to another positive
feature of PCUMC: It helps cultivate in those who
AMS	
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do not specialize in mathematics an appreciation of the beauty and usefulness of the subject.
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PCUMC Directors: Alissa S. Crans, Loyola Marymount University, and Kendra Killpatrick,
Pepperdine University

About the Award
CoProf created the Mathematics Programs That
Make a Difference designation in 2005 as a way to
bring recognition to outstanding programs that
successfully address the issue of underrepresented
groups in mathematics. Each year CoProf identifies
one or two exemplary programs that:
(i) aim to bring more individuals from underrepresented minority backgrounds into some portion
of the pipeline beginning at the undergraduate
level and leading to an advanced degree and professional success in mathematics or retain them
in the pipeline,
(ii) have achieved documentable success in
doing so, and
(iii) are replicable models.
The CoProf subcommittee making the selection
for this year’s awards consisted of Lisa Traynor,
David Savitt (chair), Robert Lazarsfeld, Deanna
Haunsperger, and Javier Rojo.
Previously designated Mathematics Programs
That Make a Difference are: the graduate program
at the University of Iowa and the Summer Institute
in Mathematics for Undergraduates/Research
Experience for Undergraduates at Universidad
de Puerto Rico, Humacao (2006); Enhancing Diversity in Graduate Education (EDGE) and the
Mathematical Theoretical Biology Institute (2007);
the Mathematics Summer Program in Research
and Learning (Math SPIRAL) at the University
of Maryland and the Summer Undergraduate
Mathematical Science Research Institute at Miami
University (Ohio) (2008); the Department of Statistics at North Carolina State University and the
Department of Mathematics at the University of
Mississippi (2009); the Department of Computational and Applied Mathematics at Rice University
and the Summer Program in Quantitative Sciences,
Harvard School of Public Health (2010); the Center
for Women in Mathematics at Smith College and
the Department of Mathematics at North Carolina
State University (2011); the Mathematical Sciences
Research Institute (2012); the Nebraska Conference
for Undergraduate Women in Mathematics (2013);
and the Carleton College Summer Mathematics
Program and the Rice University Summer Institute
of Statistics (the latter has moved to the University
of Nevada at Reno) (2014).

WHY PUBLISH WITH THE AMS?
We are mathematicians. The AMS is one of the
world’s leading publishers of mathematical literature. As a professional society of mathematicians,
we publish books and journals for the advancement of science and mathematics. Consequently,
our publications meet the highest professional
standards for their content and production.
Expertise. Our editorial boards consist of experienced mathematicians. The AMS production
staff is talented and experienced at producing
high-quality books and journals. The author support group consists of experts in TeX, graphics,
and other aspects of the production of mathematical manuscripts.
Supporting mathematics. The AMS publication program is a part of our broader activities.
The revenue it generates helps support our other
professional activities. Thus, publishing with the
AMS benefits the mathematical community.
Learn more at: www.ams.org/publications/
authors/becomeauthor

—Allyn Jackson
May 2015
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Mathematics People
Hastie Awarded 2014 Parzen
Prize
Trevor J. Hastie of Stanford University has been awarded
the 2014 Emanuel and Carol Parzen Prize for Statistical
Innovation for his “pioneering, influential, and outstanding research in statistical methodology and computational methods for statistics, including principal curves,
generalized additive models, object-based computations
for statistical models in S and R, least angle regression,
graphical lasso, the elastic net for variable selection, and
many other contributions to statistical methods; leadership in developing computational methods at the interface
of computer science and statistics for the analysis of large
data sets and for statistical learning.”
Hastie received his PhD from Stanford University in
1984 and has been professor of statistics and biostatistics
at Stanford since 1999. He is a Fellow of the American
Statistical Association, the Institute of Mathematical Statistics, the South African Statistical Society, and the Royal
Statistical Society. He is also a member of the International
Statistics Institute. The prize is awarded in even-numbered
years to North American statisticians who have made outstanding and influential contributions to the development
of applicable and innovative statistical methods.
—From a Parzen Prize announcement

2014 Rosenthal Prize Awarded
The 2014 Rosenthal Prize for Innovation in Math Teaching
has been awarded to Ralph Pantozzi, a teacher at Kent
Place School in Summit, New Jersey. He was awarded a
cash prize of US$25,000. The annual Rosenthal Prize for
Innovation in Math Teaching is designed to recognize and
promote hands-on math teaching in the upper elementary
and middle school classrooms.
—National Museum of Mathematics announcement

Sloan Research Fellows
Announced
The Alfred P. Sloan Foundation has announced the names
of the recipients of the 2015 Sloan Research Fellowships.
Each year the foundation awards fellowships in the fields
of mathematics, chemistry, computational and evolutionary molecular biology, computer science, economics, neuroscience, physics, and ocean sciences. Grants
of US$50,000 for a two-year period are administered by
each Fellow’s institution. Once chosen, Fellows are free to
pursue whatever lines of inquiry most interest them, and
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they are permitted to employ fellowship funds in a wide
variety of ways to further their research aims.
Following are the names and institutions of the 2015
awardees in mathematics: Ben Adcock, Simon Fraser University; Richard Bamler, University of California Berkeley; Jacob Bedrossian, University of Maryland, College
Park; Boris Bukh, Carnegie Mellon University; Jonathan
Chaika, University of Utah; Jian Ding, University of Chicago; Jörn Dunkel, Massachusetts Institute of Technology; David Geraghty, Boston College; Jennifer Hom,
Columbia University; Tasho Kaletha, Harvard University;
Lin Lin, University of California Berkeley; Emmy Murphy,
Massachusetts Institute of Technology; Vivek Shende,
University of California Berkeley; Andrew Snowden,
University of Michigan; Jacob Tsimerman, University of
Toronto; Vlad Vicol, Princeton University; Melanie M.
Wood, University of Wisconsin, Madison; Hau-tieng Wu,
University of Toronto; Ting Zhou, Northeastern University; Xinwen Zhu, California Institute of Technology.
—From a Sloan Foundation announcement

National Academy of
Engineering Elections
The National Academy of Engineering (NAE) has elected a
number of new members and foreign associates for 2015.
Following are the new members whose work involves the
mathematical sciences. Ingrid Daubechies, Duke University, “for contributions to the mathematics and applications of wavelets”; David J. Srolovitz, University of Pennsylvania, “for theory and simulation of microstructure and
properties of materials and leadership in computational
materials engineering”; Doros N. Theodorou, National
Technical University of Athens, “for statistical-mechanicalbased strategies and simulation algorithms to predict
the structure and properties of polymers and zeolites”;
Michael J. Todd, Cornell University, “for contributions
to the theory and application of algorithms for continuous
optimization”; David D. Yao, Columbia University, “for
understanding of stochastic systems and their applications in engineering and service operations.” Elected as
foreign associates were R. Allan Freeze, R. Allen Freeze
Engineering Inc., “for numerical modeling, stochastic subsurface hydrology, risk assessment, and optimization for
groundwater engineering”; and Martin Vetterli, École
Polytechnique Fédérale de Lausanne, “for development of
time-frequency representations and algorithms in multimedia signal processing and communications.”
—From an NAE announcement
of the
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Virginia Halmos (1915–2015)
On January 19, 2015, in Los Gatos, California, the mathematical community lost one of its most enthusiastic
and generous supporters, Virginia Halmos. She was the
widow of the well-known mathematician, editor, author,
and teacher, Paul R. Halmos, who died in 2006. She had
turned ninety-nine in December.
Virginia Pritchett was born into a business and professional family in Omaha. Her father was a broker and an
uncle a prominent attorney for the Union Pacific Railroad, with headquarters in Omaha. The uncle achieved
the high social position of King of Aksarben (Nebraska
spelled backwards), a philanthropic organization that
still sponsors the annual Coronation Ball, a high spot in
Omaha’s social season. Her mother tragically died young
of Huntington’s disease, something that Virginia could
have inherited but thankfully did not. Her early years
were spent playing the privileged role of a girl who spent
her summers with a great aunt who lived at New York’s
St. Regis Hotel and her winters at the Huntington Hotel in
Pasadena, equally fashionable and warmer than Omaha.
When it was time to go to college, the family chose Vassar, where she became interested in logic; after graduation
she moved on to Brown University, where she studied logic
and the foundations of mathematics. At that time Brown
was particularly hospitable to mathematicians who were
fleeing Europe during the latter part of the Depression and
the beginning of World War II, so it was a time when many
great mathematicians passed through Providence—Bers,
Feller, Hurewicz, Loewner, Pólya, Szász, and some who,
like Tamarkin and Neugebauer, stayed on. By that time
Virginia’s family fortunes had waned with the Depression,
and she often told about the ridiculously meager funds
that were available to graduate students in mathematics
in the late Depression. In 1945 she abandoned the degree
program and married Paul Halmos. Together they followed
his long career at such important mathematical centers as
Chicago and Michigan (Ann Arbor). She was not the least
bit embarrassed, though, when she described herself as
a “housewife.” While in that role, she never forgot her
graduate school experience in a first-class institution
like Brown. There and in stimulating visits to Princeton
and other such institutions across the United States, as
well as Europe and South America, Virginia and Paul met
and developed close relationships with great mathematicians, especially John von Neumann at the Institute for
Advanced Study, whose notes provided the basis for one
of Paul’s most successful books, Finite Dimensional Vector
Spaces. On their way to Uruguay they were on the same
ship as Richard Feynman, with whom they became good
friends. Invited to dinner at Trinity College in Cambridge,
Virginia was seated next to J. E. Littlewood at high table,
an encounter that left a lasting impression. She lived long
enough to be one of the last of her generation who could
talk about firsthand encounters with legendary figures in
mathematics. She had some regrets, however. She never
met Hardy—he died in 1947—but based on his Apology,
she became a lifelong admirer.
After spending short periods at University of Hawaii
and UC Santa Barbara and a longer stay in Bloomington

May 2015

Notices

at University of Indiana, Virginia and Paul finally made
their way back to California sunshine in 1985 to join the
faculty at Santa Clara University. Paul was still teaching
and by then editing the American Mathematical Monthly
and a couple of book series for Springer. He remained very
professionally active. Initially, when they arrived at Santa
Clara, Virginia was rather aloof and reserved, somewhat
shy, but as time went by, she began to branch out and took
part in politics and civic activities.
During the late 1990s, she and Paul started giving generously to mathematics—including several million dollars
to the Mathematical Association of America (MAA) to develop the Carriage House Conference Center, a showplace
center for lecture series, small meetings, workshops, and
such, adjacent to the MAA headquarters in Washington
and to the AMS offices there. This Conference Center was
recently named the best conference center of its size in the
United States. Simultaneously, they funded the J. L. Doob
Prize given by the AMS for mathematical exposition, and
only weeks before she died, Virginia added significantly
to that endowment. It is named for Paul’s dissertation
advisor at the University of Illinois. Paul was Doob’s first
PhD student (1938), with MIT’s Warren Ambrose his second, in 1939.
Virginia’s philanthropies burgeoned, extending to several funds for scholarships, grants to faculty, prize funds,
and other activities, all in the support of mathematics at
one of the professional organizations or at Santa Clara
University. Influenced by Warren Ambrose’s oft-expressed
aversion to prizes and such that are named for a donor,
most of these carry the names of others, not of either
Paul or Virginia.
After Paul’s death Virginia (or “Ginger”, as her best
friends called her—a translation of the Hungarian word
“gyomber” (ginger), which Paul used) stayed closer to her
apartment at a senior residence, due largely to macular
degeneration that eventually made her legally blind. There
was no more riding around town on a bicycle. Nothing
slowed down her mind, however. She most enjoyed her
Scrabble games, but she also kept up on just about anything going on in the world. I don’t recall ever telling her
on my arrival for a visit something I thought newsworthy
that had happened that day, that she did not know already.
She was endlessly fascinated by the group around
G. H. Hardy at Trinity. Over the past year she knew I have
been working, with a couple of colleagues, on a G. H.
Hardy reader. Because she could no longer see the words
on a page, I read draft chapters into a recording device,
and she listened to them again and again. I visited her the
Saturday evening before she died. She asked, “How is the
Hardy project coming along?” We exchanged some Hardy
stories. The last two I told her made her laugh heartily. I
had not heard her laugh in months, but she found these
very, very funny. When her Scrabble partner arrived, I left.
Thirty-some hours later, on Monday morning, I returned
only to be told that she had died twenty minutes earlier—in
her sleep—with three close friends with her until the end.
				—Gerald Alexanderson
of the

AMS
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Math for America Fellowships
Math for America (MfA) is a nonprofit organization with
a mission to improve mathematics education in US public
secondary schools by recruiting, training, and retaining
outstanding mathematics teachers and leaders. MfA offers
fellowships for new and experienced teachers and school
leaders. The MfA Master Teacher Fellowship is a four-year
program that rewards outstanding experienced public secondary school mathematics and science teachers. Master
Teacher Fellowships are available in Berkeley, Boston, and
New York City. The application deadline for Boston is April
30, 2015; for Berkeley, May 15, 2015; and for New York
City, July 20, 2015. For more information and to apply,
see www.mathforamerica.org/web/guest/apply.
—From an MfA announcement

NSF Postdoctoral Research
Fellowships
The National Science Foundation (NSF) awards Mathematical Sciences Postdoctoral Research Fellowships (MSPRF)
for appropriate research in areas of the mathematical
sciences, including applications to other disciplines.
Awardees are permitted to choose research environments
that will have maximal impact on their future scientific
development. Awards are made in the form of either
Research Fellowships or Research Instructorships. The
Research Fellowship option provides full-time support for
any eighteen academic-year months in a three-year period,
in intervals not shorter than three consecutive months.
The Research Instructorship option provides either two
academic years of full-time support or one academic year
of full-time and two academic years of half-time support. Under both options, the award includes six summer
months; however, no more than two summer months
of support may be received in any calendar year. Under
both options, the stipend support for twenty-four months
(eighteen academic-year months plus six summer months)
will be provided within a forty-eight-month period.
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The deadline for proposals is October 21,
2015. See w w w . n s f . g o v / f u n d i n g / p g m _ s u m m .
jsp?pims_id=5301&org=DMS&from=home.
			

—From an NSF announcement

Research Training Groups in
the Mathematical Sciences
The National Science Foundation (NSF) Research Training Groups in the Mathematical Sciences (RTG) program
provides funds for the training of US students and
postdoctoral researchers in the mathematical sciences.
Proposals are solicited from groups of researchers based
in a subarea of the mathematical sciences or linked by
a multidisciplinary theme to support training at educational levels from undergraduate to postdoctoral within
that focus. RTG awards are intended to support training
programs that have strong potential to increase the number of well-prepared US citizens, nationals, and permanent residents who pursue careers in the mathematical
sciences and in other NSF-supported disciplines. The
deadline for full proposals is June 2, 2015. For more
information see www.nsf.gov/funding/pgm_summ.
jsp?pims_id=5732&org=DMS&from=home.
		

—From an NSF announcement

International Mathematics
Competition for University
Students
The Twenty-first International Mathematics Competition (IMC) for University Students will be held July 27–
August 2, 2015, at American University in Blagoevgrad,
Bulgaria. Participating universities are invited to send
several students and one teacher; individual students are
welcome. Students completing their first, second, third,
of the
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or fourth years of university education are eligible. The
competition will consist of two sessions of five hours each.
Problems will come from the fields of algebra, analysis
(real and complex), geometry, and combinatorics. The
working language will be English. See the website www.
imc-math.org.uk/ or contact John Jayne, University
College London, Gower Street, London WC1E 6BT, United
Kingdom, telephone: +44 (0)77 40304010, email: j.jayne@
ucl.ac.uk, or Chrisina Jayne, Computing Department,
Coventry University, email: chrisina.jayne@gmail.com .
—John Jayne, University College London

News from IPAM
The Institute for Pure and Applied Mathematics (IPAM) is
a National Science Foundation (NSF) mathematics institute
located at the University of California Los Angeles. IPAM
offers programs that encourage collaboration across disciplines and between two areas of mathematics.
IPAM holds long programs (three months) and workshops (three to five days) throughout the academic year
for junior and senior mathematicians and scientists who
work in academia, the national laboratories, and industry. In the summer, IPAM offers an industrial research
experience for undergraduates and a summer school for
graduate students and postdocs.
The current long program, on financial mathematics,
will present its final two workshops in May: Commodity
Markets and Their Financialization (May 4–8) and Forensic
Analysis of Financial Data (May 18–22). You may register
for either workshop online. During the last workshop,
Andrew Lo, director of MIT’s Laboratory for Financial
Engineering, will give two public lectures as part of the
annual Green Family Lecture Series.
The 2015 graduate summer school, Games and Contracts for Cyber-Physical Security, will be held July 7–23,
2015. It provides an advanced introduction to how the
mathematical tools of game theory can be applied to
improve the resilience (security and reliability) of cyberphysical systems (CPS) that control critical national infrastructures, such as our electricity, water, and transportation networks. We are no longer accepting applications for
funding, but graduate students and recent PhDs may still
register to attend without IPAM support.
IPAM will celebrate its fifteenth anniversary and the
renewal of support from the National Science Foundation
at an anniversary event to be held in the fall, to which
the former program participants, board members, and
the public are invited. An announcement is forthcoming.
IPAM’s other upcoming programs follow. See the website www.ipam.ucla.edu for detailed information and to
find application and registration forms.
September 8–December 11, 2015: New Directions in
Mathematical Approaches for Traffic Flow Management.
You may apply online for support to be a core participant
for the entire program or to attend any of the following
individual workshops.
September 9–12, 2015: Tutorials.
May 2015
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September 28–October 2, 2015: Workshop I: Mathematical Foundations of Traffic.
October 12–16, 2015: Workshop II: Traffic Estimation.
October 26–30, 2015: Workshop III: Traffic Control.
November 16–20, 2015: Workshop IV: Decision Support for Traffic.
Winter Workshops. You may apply for support or register for each workshop online.
January 11–15, 2015: Optimization and Equilibrium in
Energy Economics.
January 25–29, 2016: Partial Order: Mathematics, Simulations and Applications.
February 8–12, 2016: Shape Analysis and Learning by
Geometry and Machine.
February 22–26, 2016: Algebraic Geometry for Coding
Theory and Cryptography.
March 7–June 10, 2016: Culture Analytics. You may
apply online for support to be a core participant for the entire program or to attend any of the individual workshops.
March 8–11, 2016: Tutorials.
March 21–24, 2016: Workshop I: Mathematical Analysis
of Cultural Expressive Forms: Images, Videos, Music, and
Cognition.
April 11–15, 2016: Workshop II: Culture Analytics and
User Experience Design.
May 9–13, 2016: Workshop III: Cultural Patterns: Multiscale Data-Driven Models.
May 23–27, 2016: Workshop IV: Mathematical Analysis
of Cultural Expressive Forms: Text Data.
IPAM seeks program proposals from the mathematics
and science communities. Please send your idea for a
workshop, long program, or summer school to director@
ipam.ucla.edu.
—From an IPAM announcement

Clay Research Conference
and Workshops
The 2015 Clay Research Conference will be held September 30 at the Mathematical Institute of the University of
Oxford. The plenary speakers are:
•Charles Fefferman (Princeton)
•Mike Hopkins (Harvard)
•Andrei Okounkov (Columbia)
•Peter Scholze (Bonn)
The 2014 Clay Research Award will be presented to
Maryam Mirzakhani for her many significant contributions
to geometry and ergodic theory. The recipient of the 2015
Clay Research Award will also be announced.
Associated workshops will be held throughout the week
of the conference, September 28–October 2:
•Algebraic Topology: manifolds unlocking higher structures (Mike Hopkins and Ulrike Tillmann)
•Geometry and Dynamics of Moduli Spaces (Alex Eskin,
Giovanni Forni, and Anton Zorich)
•Motives and Automorphic Forms (Minhyong Kim and
Peter Scholze)
of the
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•Water Waves and Related Fluid Models (Alexandru

Moving?

Ionescu and Steve Shkoller)

Registration for the Clay Research Conference is free but
required. Participation in the workshops is by invitation;
a limited number of additional places is available. Limited

Please make sure that the AMS Notices

accommodation is available for PhD students and early

and Bulletin find their new home.

career researchers. For more information email Naomi
Kraker at admin@claymath.org. For full details, including the schedule, titles and abstracts when they become
available, see www.claymath.org.
—from a Clay Mathematics Institute announcement

New Horizons in Mathematics
Prize
The Breakthrough Prize has opened the public nomination
period for its 2016 prizes in Fundamental Physics, Life
Sciences, and Mathematics. Nominations can be submitted online through May 31, 2015. For the fourth year, the
Breakthrough Prizes will continue to recognize the world’s
top scientists, granting each a US$3 million award.
In addition, the Breakthrough Prize is pleased to
announce that a new prize category has been created

• Email your new address to us:
amsmem@ ams.org
• or make the change yourself online at:
www.ams.org/cml-update

this year—the New Horizons in Mathematics Prize, a
US$100,000 award for promising junior researchers in
the field of mathematics, who have already produced

• or send the information to:

important work. Up to three of these prizes will be given

Member and Customer Services
American Mathematical Society
201 Charles Street
Providence, RI 02904-2294 USA
Phone: (800) 321-4267 (US & Canada)
(401) 455-4000 (Worldwide)

each year. Anyone may make a nomination, but selfnominations are prohibited. The nomination form and
the rules are available at www.breakthroughprize.org.
The 2016 prizes are expected to be announced in the
fall of 2015.

—from a Breakthrough Prize announcement
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Inside the AMS
Deaths of AMS Members

From the AMS Public
Awareness Office
Feature Column. “The Mathematics of the Rainbow”, by
Bill Casselman; “Mathematics and Psychology”, by Joe
Malkevitch; “How to Grow and Prune a Classification Tree”,
by David Austin; “The Topology of Impossible Spaces”, by
Tony Phillips. Read these and more fascinating essays at
www.ams.org/featurecolumn.

Bille Carlson, of Ames, Iowa, died on August 16, 2013.
Born on June 27, 1924, he was a member of the Society
for 51 years.
B. Crstici, of Timisoara, Romania, died on August 20,
2014. Born on March 26, 1924, he was a member of the
Society for 38 years.
Ferran Hurtado, professor, University Politecnica de
Catalunya, died on October 2, 2014. Born on May 5, 1951,
he was a member of the Society for 23 years.
Kenneth Johnson, of Athens, Georgia, died on October 15, 2014. Born on August 19, 1940, he was a member
of the Society for 42 years.
Nuri Y. Olcer, of Englewood, Colorado, died on September 12, 2014. Born on July 22, 1932, he was a member
of the Society for 21 years.

Corrections
From Tony Phillips' "The Topology of Impossible Spaces":
The Möbius strip is not orientable: a clockwise circle, dragged
around the hole, comes back counter-clockwise.

AMS Blogs: “Math For Your Ears”, by Anna Haensch;
“5 Things Everyone Forgets to Ask for When Negotiating
the Ideal Faculty/Postdoc Position”, by Talithia Williams;
“Mathematical Education of Teachers”, by Hung-Hsi Wu;
“Tenure + epsilon”, by Adriana Salerno; “Pentagon-Decagon Branched Covering”, by John Baez; “Metacognition”, by
Tyler Clark. Find and follow posts by and for mathematicians at all stages of their careers and on many topics, at
blogs.ams.org/.
Math in the Media. “Yitang Zhang and twin primes
in the New Yorker”, “Grothendieck obituary in Nature”,
“Mathematics and Ebola” and more in Tony Phillips’ Take.
Summaries of stories in the media about attempts to verify
a proof of the ABC Conjecture, developments in origami,
Turing’s notebook at auction, and links to reviews of
books, plays and films. Use this central source to follow
coverage of mathematics and mathematicians in scientific
journals, newspapers, magazines and radio, at www.ams.
org/mathmedia.
—Annette Emerson and Mike Breen
AMS Public Awareness Officers
paoffice@ams.org
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The Notices editors regret the following errors that appeared in the 2015 March and April issues:
The Deaths of AMS Members section within the March
2015 issue incorrectly indicated the number of years that
the late Richard M. Cohn had been a member of the AMS.
Mr. Cohn was a valued member of the AMS for 73
years.
“Remembering Klaus Peters”, by Sigurdur Helgason,
Dana Scott, Alice Peters, and David Mumford appeared
in the March 2015 issue. The photo of Alice and Klaus
Peters from page 265 should have been credited to photographer Stan Sherer.
In my Opinion article “A National Math Festival’’ that
appeared in the March 2015 issue, Eric Lander was identified as the former director of the Human Genome Project.
This is incorrect; Lander was a leader of the Human Genome Project. He is the founding director and serves as a
core member of the Broad Institute of Harvard and MIT.
				
—David Eisenbud
The April 2015 Notices (page 434) carried an announcement of the 2014 Bergman Prize. The amount of the
prize given there was incorrect. The two prizewinners
will share US$25,598, which is the 2014 income from the
Stefan Bergman Trust.
					—Allyn Jackson
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Reference and Book List
The Reference section of the Notices
is intended to provide the reader
with frequently sought information in
an easily accessible manner. New
information is printed as it becomes
available and is referenced after the
first printing. As soon as information
is updated or otherwise changed, it
will be noted in this section.

Contacting the Notices
The preferred method for contacting
the Notices is electronic mail. The
editor is the person to whom to send
articles and letters for consideration.
Articles include features, memorials,
communications, opinion pieces, and
book reviews. The editor is also the
person to whom to send news of unusual interest about other people’s
mathematics research.
The production editor is the person to whom to send items for “Mathematics People”, “Mathematics Opportunities”, “For Your Information”,
“Reference and Book List”, and “Mathematics Calendar”.
Permissions requests should be
sent to: reprint-permission@ams.
org.
Contact the editor at: notices@
math.wustl.edu or by fax: at 314935-6839.
Contact the production editor at:
notices@ams.org or by fax: at 401331-3842. Postal addresses for both
may be found in the masthead.

Fellowships in Boston. See “Mathematics Opportunities” in this issue.
April 30, 2015: Nominations for
AWM Gweneth Humphreys Award.
See www.awm-math.org, telephone:
703-934-0163, or email: awm@awmmath.org.
May 1, 2015: Applications for May
review for National Academies Research Associateship programs. See
sites.nationalacademies.org/
PGA/RAP/PGA_050491 or contact
Research Associateship Programs,
National Research Council, Keck 568,
500 Fifth Street, NW, Washington, DC

20001; telephone: 202-334-2760; fax:
202-334-2759; email: rap@nas.edu.
May 1, 2015: Applications for
AWM Travel Grants and Mathematics
Education Research Travel Grants.
See https://sites.google.com/
site/awmmath/programs/travelgrants; telephone: 703-934-0163; or
email: awm@awm-math.org; or contact
Association for Women in Mathematics, 11240 Waples Mill Road, Suite
200, Fairfax, VA 22030.
May 15, 2015: Applications for
Math for America Master Teacher
Fellowships in Berkeley. See “Mathematics Opportunities” in this issue.

Where to Find It
A brief index to information that appears in this and previous issues of the Notices.

AMS Bylaws—November 2013, p. 1358
AMS Email Addresses—February 2015, p. 179
AMS Governance 2014—June/July 2014, p. 650
Contact Information for Mathematical Institutes—August 2014,
p. 786
Conference Board of the Mathematical Sciences—September 2014,
p. 916
IMU Executive Committee—December 2014, p. 1370
Information for Notices Authors—June/July 2014, p. 646
National Science Board—March 2015, p. 290
NRC Board on Mathematical Sciences and Their Applications—March
2014, p. 305

Upcoming Deadlines

NSF Mathematical and Physical Sciences Advisory Committee—May

April 24, 2015: Full proposals for
2016 NSF-CBMS Regional Research
Conferences. See www.nsf.gov/
pubs/2013/nsf13550/nsf13550.
htm.
April 30, 2015: Applications for
Math for America Master Teacher

2015, p. 571
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Program Officers for Federal Funding Agencies—October 2013,
p. 1188 (DoD, DoE); December 2014, p. 1369 (NSF Mathematics Education)
Program Officers for NSF Division of Mathematical Sciences—November 2014, p. 1264
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June 1, 2015: Proposals for IHP
Poincaré Chair. See www.ihp.fr/en/
PoincareChair.
June 2, 2015: Full proposals for
NSF Mentoring through Critical Transition Points in the Mathematical
Sciences (MCTP) program. See “Mathematics Opportunities” in this issue.
June 2, 2015: Full proposals for
NSF Research Training Groups in
the Mathematical Sciences (RTG).
See “Mathematics Opportunities” in
this issue.
July 8, 2015: Proposals for NSF Enriched Doctoral Training in the Mathematical Sciences program. See www.
nsf.gov/pubs/2014/nsf14589/
nsf14589.htm.
July 20, 2015: Applications for
Math for America Master Teacher Fellowships in New York City. See “Mathematics Opportunities” in this issue.
August 1, 2015: Applications
for August review for National
Academies Research Associateship programs. See s i t e s .
nationalacademies.org/PGA/
RAP/PGA_050491 or contact Research
Associateship Programs, National
Research Council, Keck 568, 500 Fifth
Street, NW, Washington, DC 20001;
telephone: 202-334-2760; fax: 202334-2759; email: rap@nas.edu.
September 15, 2015: Applications for 2016 semester of Math in
Moscow. See www.mccme.ru/mathinmoscow, or by writing to: Math in
Moscow, P.O. Box 524, Wynnewood,
PA 19096; fax: +7095-291-65-01;
email: mim@mccme.ru. Information
and application forms for the AMS
scholarships are available on the AMS
website at www.ams.org/programs/
travel-grants/mimoscow, or by
writing to: Math in Moscow Program,
Membership and Programs Department, American Mathematical Society, 201 Charles Street, Providence RI
02904-2294; email: student-serv@
ams.org.
October 1, 2015: Applications for
AWM Travel Grants and Mathematics
Education Research Travel Grants.
See https://sites.google.com/
site/awmmath/programs/travelgrants; telephone: 703-934-0163; or
email: awm@awm-math.org ; or contact Association for Women in Mathematics, 11240 Waples Mill Road,
Suite 200, Fairfax, VA 22030.
May 2015

October 21, 2015: Proposals for
NSF Postdoctoral Research Fellowships. See “Mathematics Opportunities” in this issue.
November 1, 2015: Applications for November review for National Academies Research Associateship programs. See s i t e s .
nationalacademies.org/PGA/RAP/
PGA_050491 or contact Research
Associateship Programs, National
Research Council, Keck 568, 500 Fifth
Street, NW, Washington, DC 20001;
telephone: 202-334-2760; fax: 202334-2759; email: rap@nas.edu.

MPS Advisory Committee
Following are the names and affiliations of the members of the Advisory Committee for Mathematical and Physical Sciences (MPS) of
the National Science Foundation.
The date of the expiration of each
member’s term is given after his or
her name. The website for the MPS
directorate may be found at www.
nsf.gov/home/mps/advisory.jsp.
The postal address is Directorate for
the Mathematical and Physical Sciences, National Science Foundation,
4201 Wilson Boulevard, Arlington,
VA 22230.
Emery N. Brown (09/16)
Massachusetts Institute of Technology
Robert Bryant (09/16)
Duke University
Phil Bucksbaum (09/15)
Stanford University
Emily A. Carter (09/15)
Department of Mechanical a n d
Aerospace Engineering
Princeton University
George W. Crabtree (09/15)
Materials Science Division
Argonne National Laboratory
Juan J. de Pablo (09/15)
Institute for Molecular Engineering
University of Chicago
Bruce Elmegreen (09/16)
IBM Watson Research Center
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Juan C. Meza (09/15)
University of California Merced
Catherine Pilachowski (09/15)
Astronomy Department
Indiana University
Melanie Sanford (09/16)
University of Michigan
William Zajc (09/16)
Columbia University

Book List
The Book List highlights recent books
that have mathematical themes and
are aimed at a broad audience potentially including mathematicians,
students, and the general public. Suggestions for books to include on the list
may be sent to notices-booklist@
ams.org.
*Added to “Book List” since the
list’s last appearance.
Alan M. Turing: Centenary Edition,
by Sara Turing. Cambridge University Press, April 2012. ISBN-13: 97811070-205-80. (Reviewed September
2014.)
Alan Turing: The Enigma, The Centenary Edition, by Andrew Hodges.
Princeton University Press, May
2012. ISBN-13: 978-06911-556-47.
(Reviewed September 2014.)
Alan Turing: His Work and Impact,
edited by S. Barry Cooper and J. van
Leeuwen. Elsevier, May 2013. ISBN13: 978-01238-698-07. (Reviewed
September 2014.)
Alan Turing’s Electronic Brain:
The Struggle to Build the ACE, the
World’s Fastest Computer, by B. Jack
Copeland et al. Oxford University
Press, May 2012. ISBN-13: 978-019-960915-4. (Reviewed September
2014.)
André-Louis Cholesky: Mathematician, Topographer and Army Officer,
by Claude Brezinski and Dominique
Tournès. Birkhäuser, August 2014.
ISBN: 978-33190-813-42.
Arnold: Swimming Against the
Tide, edited by Boris A. Khesin and
Serge L. Tabachnikov. AMS, September 2014. ISBN-13: 978-14704-169-97.
Automate This: How Algorithms
Took Over Our Markets, Our Jobs, and
the World, by Christopher Steiner.
Portfolio Trade August 2013. ISBN13:978-15918-465-29.
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Baroque Science, by Ofer Gal
and Raz Chen-Morris. University of
Chicago Press, March 2013. ISBN-13:
978-02262-129-82.
Beating the Odds: The Life and
Times of E. A. Milne, by Meg Weston.
Imperial College Press, June 2013.
ISBN-13: 978-18481-690-74.
Beautiful Geometry, by Eli Maor
and Eugen Jost. Princeton University
Press, January 2014. ISBN-13: 97806911-509-94.
Beyond Banneker: Black Mathematicians and the Paths to Excellence,
by Erica N. Walker. State University
of New York Press, June 2014.
ISBN-13: 978-14384-521-59.
Combinatorics: Ancient and Modern, by Robin Wilson and John J. Watkins. Oxford University Press, August
2013. ISBN-13: 978-01996-565-92.
The Computing Universe: A Journey through a Revolution, by Tony
Hey and Gyuri Pápay. Cambridge
University Press, December 2014.
ISBN-13: 978-05211-501-87.
A Curious History of Mathematics:
The Big Ideas from Early Number
Concepts to Chaos Theory, by Joel
Levy. Andre Deutsch, February 2014.
ISBN-13: 978-02330-038-56.
Doing Data Science: Straight Talk
from the Frontline, by Rachel Schutt
and Cathy O’Neil. O’Reilly Media, November 2013. ISBN: 978-1-449-358655. (Reviewed October 2014.)
Doing Mathematics: Convention,
Subject, Calculation, Analogy, by
Martin H. Krieger. World Scientific,
Second Edition, 2015. ISBN-13: 978981-4571-83-8.
Einstein's Dice and Schrödinger's
Cat: How Two Great Minds Battled
Quantum Randomness to Create a
Unified Theory of Physics, by Paul
Halpern. Basic Books, April 2015.
ISBN-13: 978-04650-757-13.
Electricity and Magnetism for
Mathematicians: A Guided Path from
Maxwell's Equations to Yang-Mills, by
Thomas A. Garrity. Cambridge University Press, January 2015. ISBN-13:
978-11074-351-62.
Enlightening Symbols: A Short History of Mathematical Notation and
Its Hidden Powers, by Joseph Mazur.
Princeton University Press, March
2014. ISBN-13: 978-06911-546-33.
(Reviewed February 2015.)
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Experiencing Mathematics: What Do We Do, When We Do
Mathematics?, by Reuben Hersh. AMS,
February 2014. ISBN-13: 978-08218942-00.
The Fascinating World of Graph
Theory, by Arthur Benjamin, Gary
Chartrand, and Ping Zhang. Princeton
University Press January 2015. ISBN13: 978-06911-638-19.
Fifty Visions of Mathematics, edited
by Sam Parc. Oxford University Press,
July 2014. ISBN-13: 978-01987-01811.
Finding Zero: A Mathematician's
Odyssey to Uncover the Origins of
Numbers, by Amir D. Aczel. Palgrave
Macmillan Trade, January 2015. ISBN13: 978-11372-798-42.
The Formula: How Algorithms
Solve All Our Problems—And Create More, by Luke Dormehl. Perigee
Trade, November 2014. ISBN-13:97803991-705-39.
Four Lives: A Celebration of Raymond Smullyan, edited by Jason
Rosenhouse. Dover Publications,
February 2014. ISBN-13: 978-04864906-70.
Fractals: A Very Short Introduction,
by Kenneth Falconer. Oxford University Press, December 2013. ISBN-13:
978-01996-759-82.
From Mathematics in Logic to Logic
in Mathematics: Boole and Frege, by
Aliou Tall. Docent Press, July 2014,
ISBN-13: 978-0-9887449-7-4.
The Goddess of Small Victories, by
Yannick Grannec. Other Press, October 2014. ISBN-13: 978-15905-163-62.
The Grapes of Math: How Life Reflects Numbers and Numbers Reflect Life, by Alex Bellos. Simon and
Schuster, June 2014. ISBN: 97814516-400-90.
Great Mathematics Books of the
Twentieth Century: A Personal Journal, by Lizhen Ji. International Press
of Boston, April 2014. ISBN-13: 97815714-628-31.
A History in Sum: 150 Years of
Mathematics at Harvard (1825–1975),
by Steve Nadis and Shing-Tung Yau.
Harvard University Press, October
2013. ISBN-13: 978-06747-250-03.
(Reviewed June/July 2014.)
The Improbability Principle:
Why Coincidences, Miracles, and
Rare Events Happen Every Day, by
David J. Hand. Scientific American/
Notices
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Farrar, Straus and Giroux, February
2014. ISBN-13: 978-03741-753-44.
(Reviewed December 2014.)
Infinitesimal: How a Dangerous
Mathematical Theory Shaped the
Modern World, by Amir Alexander.
Scientific American/Farrar, Straus
and Giroux, April 2014. ISBN-13: 97803741-768-15.
James Clerk Maxwell: Perspective on
his Life and Works, edited by Raymond
Flood Mark McCartney, and Andrew
Whitaker. Oxford University Press,
March 2014. ISBN-13: 978-01996-64375.
Jane Austen, Game Theorist, by
Michael Suk-Young Chwe. Princeton
University Press, April 2013. ISBN-13:
978-06911-557-60.
L. E. J. Brouwer—Topologist, Intuitionist, Philosopher: How Mathematics Is Rooted in Life, by Dirk van Dalen.
Springer (2013 edition), December
2012. ISBN-13: 978-14471-461-55.
(Reviewed June/July 2014.)
Levels of Infinity: Selected Writings
on Mathematics and Philosophy, by
Hermann Weyl (edited and with an
introduction by Peter Pesic). Dover
Publications, January 2013. ISBN: 97804864-890-32.
The Logic of Infinity, by Barnaby
Sheppard. Cambridge University Press,
May 2014. ISBN-13: 978-11076-786-68.
Love and Math: The Heart of Hidden
Reality, by Edward Frenkel. Basic Books,
October 2013. ISBN-13: 978-04650507-41. (Reviewed October 2014.)
Math Bytes: Google Bombs, Chocolate-Covered Pi, and Other Cool Bits in
Computing, by Tim Chartier. Princeton University Press, April 2014.
ISBN-13: 978-06911-606-03.
Mathematical Expeditions: Exploring Word Problems Across the Ages,
by Frank J. Swetz. Johns Hopkins
University Press, June 2012. ISBN:
978-14214-043-87.
Mathematical Understanding of
Nature: Essays on Amazing PhysicalPhenomena and Their Understanding
by Mathematicians, by V. I. Arnold.
AMS, September 2014. ISBN-13: 97814704-170-17.
The Mathematician’s Shiva, by
Stuart Rojstaczer. Penguin Books,
September 2014. ISBN-13: 978014312-631-7.
Mathematics and the Making of
Modern Ireland: Trinity College DubVolume 62, Number 5
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lin from Cromwell to the Celtic Tiger,
by David Attis. Docent Press, October
2014, ISBN-13:978-0-9887449-8-1.
Mathematics and the Real World:
The Remarkable Role of Evolution in
the Making of Mathematics, by Zvi
Artstein. Prometheus Books, September 2014. ISBN-13: 978-16161-409-15.
The Mathematics Devotional: Celebrating the Wisdom and Beauty of
Mathematics, by Clifford Pickover.
Sterling, November 2014. ISBN-13:
978-14549-132-21.
Mathematics of the Transcendental, by Alain Badiou (translated by
A. J. Bartlett and Alex Ling). Bloomsbury Academic, March 2014. ISBN-13:
978-14411-892-40.
Mathematics without Apologies:
Portrait of a Problematic Vocation, by
Michael Harris. Princeton University
Press, January 2015. ISBN-13:97806911-542-37.
A Mind For Numbers: How to Excel
at Math and Science (Even If You
Flunked Algebra), by Barbara Oakley. Tarcher, July 2014. ISBN-13:97803991-652-45.
My Life and Functions, by Walter K.
Hayman. Logic Press, October 2014.
Hardcover ISBN-13: 978-13260-30209. Paperback ISBN-13: 978-1-32603020-9. (Reviewed in this issue.)
The New York Times Book of Mathematics: More Than 100 Years of
Writing by the Numbers, edited by
Gina Kolata. Sterling, June 2013.
ISBN-13: 978-14027-932-26. (Reviewed May 2014.)
Numbers Are Forever, by Liz Strachan. Constable, March 2014. ISBN13: 978-14721-110-43.
On Leibniz: Expanded Edition, by
Nicholas Rescher. University of Pittsburgh Press, June 2013. ISBN-13:
978-08229-621-82.
Origins of Mathematical Words: A
Comprehensive Dictionary of Latin,
Greek, and Arabic Roots, by Anthony
Lo Bello. Johns Hopkins University
Press, November 2013. ISBN-13: 97814214-109-82.
Parables, Parabolas and Catastrophes: Conversations on Mathematics, Science and Philosophy, by
René Thom. Translated by Roy Lisker
and edited by S. Peter Tsatsanis.
Thombooks Press, November 2014
(distributed only by amazon.ca or

May 2015

amazon.com). ISBN-13:978-09939269-07.
The Perfect Theory: A Century of
Geniuses and the Battle over General Relativity, by Pedro G. Ferreira.
Houghton Mifflin Harcourt, February
2014. ISBN-13: 978-05475-548-91.
Philosophy of Mathematics in
the Twentieth Century, by Charles
Parsons. Harvard University Press,
March 2014. ISBN-13: 978-06747280-66.
Pearls from a Lost City: The Lvov
School of Mathematics, by Roman
Duda (translated by Daniel Davies).
AMS, July 2014. ISBN-13: 978-14704107-66.
Probably Approximately Correct:
Nature’s Algorithms for Learning
and Prospering in a Complex World,
by Leslie Valiant. Basic Books, June
2013. ISBN-13: 978-04650-327-16.
(Reviewed November 2014.)
Professor Stewart's Casebook of
Mathematical Mysteries, by Ian Stewart. Basic Books, October 2014. ISBN13: 978-04650-549-78.
Quantum Computing since Democritus, by Scott Aaronson. Cambridge
University Press, March 2013. ISBN13: 978-05211-995-68. (Reviewed
November 2014.)
Ramanujan’s Place in the World
of Mathematics: Essays Providing a
Comparative Study, by Krishnaswami
Alladi. Springer, 2013. ISBN: 97881322-076-65.
The Simpsons and Their Mathematical Secrets, by Simon
Singh. Bloomsbury, October 2013.
ISBN-13: 978-14088-353-02. (Reviewed January 2015.)
Struck by Genius: How a Brain Injury Made Me a Mathematical Marvel,
by Jason Padgett and Maureen Ann
Seaberg. Houghton Mifflin Harcourt,
April 2014. ISBN-13: 978-05440-45606.
Synthetic Philosophy of Contemporary Mathematics, by Fernando
Zalamea. Urbanomic/Sequence Press,
January 2013. ISBN: 978-09567750-16.
Taming the Unknown: A History of
Algebra from Antiquity to the Early
Twentieth Century, by Victor J. Katz
and Karen Hunger Parshall. Princeton
University Press, July 2014. ISBN-13:
978-06911-490-59.
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The Tower of Hanoi: Myths and
Maths, by Andreas M. Hinz, Sandi
Klavzar, Uros Milutinovic, and Ciril
Petr. Birkhäuser, January 2013. ISBN:
978-303-48023-69.
Turing: Pioneer of the Information Age, by Jack Copeland. Oxford
University Press, January 2013.
ISBN-13: 978-01996-397-93. (Reviewed September 2014.)
Turing’s Cathedral: The Origins
of the Digital Universe, by George
Dyson. Pantheon/Vintage, December
2012. ISBN-13: 978-14000-759-97.
(Reviewed August 2014.)
The War of Guns and Mathematics:
Mathematical Practices and Communities in France and Its Western Allies
Around World War I, by David Aubin
and Catherine Goldstein. AMS, October 2014. ISBN-13: 978-14704-146-96.
What's Math Got to Do with It?: How
Teachers and Parents Can Transform
Mathematics Learning and Inspire
Success, by Jo Boaler. Penguin Books,
revised edition, March 2015. ISBN-13:
978-01431-282-98.
Why Is There Philosophy of Mathematics At All?, by Ian Hacking.
Cambridge University Press, April
2014. ISBN-13: 978-11070-501-74.
(Reviewed December 2014.)
Zombies and Calculus, by Colin
Adams. Princeton University Press,
September 2014. ISBN-13: 978-06911619-07.
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American Mathematical
Society—Contributors
Dear AMS Members and Friends,

Photo by Goen South

Our mathematics community is an exciting one. Dedication to mathematics moves the field
ahead each day, and we all contribute in many ways. This Contributors Report acknowledges
everyone who donated to the American Mathematical Society in 2014. Your gifts to the AMS
allowed us to continue offering vital programs and services that address the needs of our widereaching and growing community.

AMS Executive Director,
Donald E. McClure

The people and organizations listed here made gifts in 2014 that helped great things to happen, across all levels of scholarship. Budding young minds attended Epsilon-supported math
camps where they learned new ideas; undergraduates received crucial financial assistance via
Waldemar J. Trjitzinsky awards; graduate students deepened their studies with the help of AMS
Graduate Student Chapters and the Graduate Student Travel Grant Program; early-career scholars
collaborated within Mathematics Research Communities. Prizes were awarded to some of our
most esteemed peers, and around the globe, mathematicians with limited resources were able
to access research, thanks to the MathSciNet for Developing Countries program.
The mathematics of tomorrow develops from all our efforts today. Each and every gift helps
mathematics advance and the Society is honored to be the steward of your generosity.
I extend my sincere gratitude to you for your support.

Donald E. McClure
Executive Director

Thomas S. Fiske Society
Members of the Thomas S. Fiske Society uphold the future of mathematics by including the American Mathematical
Society in their estate plans. The following Fiske Society members have created a personal legacy in support of the
mathematical sciences by naming the AMS in their will, retirement plan, or other gift planning vehicle.

Anonymous (2)
Walter O. Augenstein
Kathleen Baxter
Shirley and Gerald Bergum
Shirley Cashwell
Peter L. Duren
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Carl Faith
Isidore Fleischer
Ramesh A. Gangolli
Rosalind J. Guaraldo
Yanguang Charles Li
Joseph S. Mamelak
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Cathleen S. Morawetz
Albert Nijenhuis
Charles E. Parker II
Franklin P. Peterson
Moshe Rosenfeld
Margaret W. Taft
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B. A. and M. Lynn Taylor
Eugene Toll
Edmond and Nancy
Tomastik
Steven H. Weintraub
James V. Whittaker
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In Tribute
The following friends, colleagues and family members are all being specially honored by a donation in support of mathematics. These gifts are a tangible homage to those who have passed on, or a way to honor people still living. The AMS
is pleased to list the commemorated individuals and the 2014 donors who made these gifts possible.
Gifts were made in memory of the following individuals:
Maurice Auslander by Bernice L. Auslander
Walter Baily by Adam Ginensky
Salah Baouendi by Linda Preiss Rothschild
Harvey Cohn by Michael Engber
Lillian Feldman by Jacob Engelhardt
Former AMS Production Staff by Victoria Ancona
R. H. Fox by Lee P. Neuwirth
Father Martin Hanhauser by Anonymous
James E. Jamison by Richard J. Fleming
Lucia Krompart by Karen L. Collins
Cecil Lease by Matt Mundy
Joseph Lehner by Zheindl Lehner
Vincent O. McBrien by Joseph W. Paciorek
Walter Mientka by Susan and Stephen Wildstrom
Michael Moody by Francis Edward Su
J. Keith Oddson by John C. Fay
N. Tenney Peck by Emily Mann Peck
Eugene Pflumm by Mollie Pflumm
Jeremy Frank Shapiro by Francisco J. Jauffred
Kathryn B. Toll by Eugene Toll
Tsungming Tu by Loring W. Tu

Gifts were made in honor of the following individuals:
William Carroll by Stephen Van de Wetering
Charles R. Diminnie by David Diminnie
Morton E. Harris by Anonymous
Mathematical Reviews judges at Moody’s Mega Math Challenge
by SIAM
Nikhil Patel by Anonymous
Susan Wildstrom by Howard and Susan Weiss
Richard Vitale by Malcolm and Avis Goldenberg, Ellen McKenna,
Jean Vitale, Miriam Vitale and Rob Walzer, and Loretta Vitale Saks

Gifts were made to the campaign for the Arnold Ross
Lectures Endowed Fund in memory of Arnold Ross and
Paul Sally by the following individuals:
Anonymous (7)
Jeffrey D. Adler
Ben Ahmed
Tom M. Apostol
Walter O. Augenstein
Richard A. Baum
Robert E. and
Sylvia T. Bozeman
John D. Brillhart
Robert S. Doran
Hosly Dufour
Gerald B. Folland
Milton Alfred Glass
Abraham Goetz
Martin Golubitsky
Richard Greechie
David Harbater
Andrew William Harrell
Garry D. Hart
Bill Hassinger Jr.
Ellen H. Heiser
Samuel S. Holland Jr.
William H. Jaco

Eugene C. Johnsen
Kenneth David Johnson
Barbara L. Keyfitz
Ju-lee Kim
Ronald J. Knill
Cathy E. Kriloff
Joan R. Leitzel
Maryanthe Malliaris
David M. Malon
Donald E. McClure
Kanji Namba
Umberto Neri
Monica Nevins
Annegret Paul
Paul P. Pollack
Raymond Rolwing
Judith D. Sally
David A. Sanchez
Freydoon Shahidi
David A. Vogan Jr.
Joel L. Weiner
Noriko Yui
Gaoyong Zhang

AMS Donors
The people and businesses listed below made gifts to the AMS between January 1–December 31, 2014. On behalf of
all those who benefit from this generosity, the AMS extends its thanks to everyone who chose to support mathematics
through the AMS during the past year. Donors who have contributed $1,000 or more in one year are further acknowledged on the AMS Donor Wall of Honor at the Society’s Headquarters. We are pleased to recognize each donor in the
following listing.

PRESIDENT’S
ASSOCIATES

ASSOCIATES

(Gifts of $5,000 and above)

Anonymous (4)
Anonymous Fund of
		 the Toledo Community
		Foundation
Jeffrey D. Adler
Walter O. Augenstein
Joan and Joseph Birman
Peter B. Bjorklund
John D. Brillhart
Robert L. Bryant and
		 Reymundo A. Garcia
Nathaniel Chafee
Roger Chalkley
Ruth M. Charney
John B. Conway
Robert J. Daverman
Jean E. de Valpine
John H. Ewing

Anonymous (3)
Tom M. Apostol
Adrian D. Banner
The Estate of
		 Kathleen Baxter
William J. Browning
The Savage Charitable
		 Fund of the Community
		 Foundation of Broward
William Craig
Donald W. and
		 Phyllis Kahn
Harry Lucas Jr.
George Lusztig
Eugene Toll

May 2015

(Gifts of $1,000 to $4,999)

Ronald and
		 Fan Chung Graham
Elizabeth Grossman and
		 Joshua Boorstein
Carl E. Harrell
Bill Hassinger Jr.
Sigurdur Helgason
Tara S. Holm and
		 Tim Riley
John M. Hosack
William H. Jaco
Kenneth David Johnson
Richard V. Kadison
Greg Kuperberg and
		 Rena J. Zieve
George F. Leger
Zheindl Lehner
Albert and
		 Dorothy Marden
Math for America
James W. Maxwell
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Donald E. McClure
M. Susan Montgomery
Jacques Neveu
Emily Mann Peck
Walter V. Petryshyn
Penelope Pina
Loki der Quaeler
Samuel Murray Rankin III
Andrew M. and
		 Kathryn S. Rockett
Judith D. Sally
Norton and Irene Starr
Ronald J. and
		 Sharon M. Stern
T. Christine Stevens
Francis Edward Su
Terence Chi-Shen Tao
Loring W. Tu
Karen Uhlenbeck

Susan Schwartz
		 Wildstrom and
		 Stephen Wildstrom

SPONSORS
(Gifts of $500–$999)

Anonymous (4)
Manuel P. Berriozabal
Henrik Bresinsky
Karl E. Byleen
James C. Cantrell
Peter Der
Earl F. Ecklund Jr.
Richard L. Gantos
Frank D. Grosshans
Audrey Cole Hand
Jane M. Hawkins and
		 Michael E. Taylor
Robert Hubata
Maria Margaret Klawe
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Edward A. Bertram
George Berzsenyi
Richard L. Bishop
David E. Blair
Aldridge K. Bousfield
John S. Bradley
David M. Bressoud
Frank R. Brown Jr.
W. Dale Brownawell
Daniel M. Burns Jr.
Charles Allen Butler
Thomas R. Butts

The AMS has played
an important role
in every stage of
my career, providing information
about professional
opportunities,
opening doors
to professional
networks and ex panding my vision
of mathematics. By
giving to the AMS, we are helping the next
generation of mathematicians to grow and
to thrive.
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The math department has been split into
two buildings for many years at Texas
A&M…. This past April, the pure math
department moved into the applied math
building, finally unifying the department.
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Thank you for supporting & funding
the Youth Scholars Program. This
summer I have
learned many new
things I had only
the faintest idea
of before, such as modular arithmetic,
number bases, and cyclotomic polynomials!
—Ahana, 8th grade participant at
Epsilon Fund-supported camp
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I am learning so
much that I’ve
never learned before. So thanks
for the support
because this is
the best thing that
ever happened to
me.
—Francisco, 8th grade participant at
Epsilon Fund-supported camp
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Without
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my work as a
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researcher
would be severely com promised.
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This report reflects contributions received January 1, 2014, through December 31, 2014. Accuracy in this list is important to us and we apologize for any errors. Please do not hesitate to bring discrepancies to our attention by calling AMS Development at 401.455.4111 or emailing
development@ams.org. Thank you.
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Mathematics Calendar
Please submit conference information for the Mathematics Calendar through the Mathematics Calendar submission form at www.ams.org/cgi-bin/mathcal-submit.pl. The most
comprehensive and up-to-date Mathematics Calendar information is available on the AMS
website at www.ams.org/mathcal/.
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* 11–12 Conference on Representation Theory and Related Topics,

* 7–10 Workshop on Representation Theory and Analysis on Lie
Groups over Local Fields, Department of Mathematics and Statistics, University of Ottawa, Ottawa, Canada.
Description: The primary focus of this workshop is on recent
advances in the representation theory of real and p-adic groups
and their applications. In particular, one of the areas in which substantial progress has been achieved is the harmonic analysis on
homogeneous varieties. Within the past five years, there have been
major breakthroughs in analysis on spherical varieties in the following two directions.
Organizers: Monica Nevins and Hadi Salmasian (University of Ottawa)
Registration and travel funding application: For students and PDF:
Registration will be on-line to April 28, 2015 and on-site May 7, 2015.
Deadline: To apply for travel support: February 28, 2015. For students and PDF that are requesting funding, if you are interested in
giving a talk, please submit your tentative title and/or abstract here.
Deadline to submit is January 31, 2015
Information:

University of Connecticut, Storrs, Connecticut.
Description: The conference will cover various topics of representation theory. Limited travel funds are available. Graduate students, postdoctoral researchers, and underrepresented minorities
are encouraged to apply and contact Kyu-Hwan Lee (khlee@math.
uconn.edu).

Information: www.math.uconn.edu/~khlee/Conferences/
storrs_15.html.

* 11–15 Averaging and Homogenization in Deterministic and Stochastic Systems, CIRM, Marseille Luminy, France.
Description: This conference deals with the interactions between
arithmetics, algebraic geometry and computer sciences, in particular
coding theory and cryptology. The research themes of this particular
meeting are : number theory, asymptotics of global fields, arithmetic
Geometry, algebraic curves over finite fields or number fields, abelian varieties, theoretical and algorithmic aspects of point counting,
coding theory, algebraic and algebraic geometry codes, codes from
curves and higher dimensional varieties, decoding algorithms and

www.fields.utoronto.ca/programs/scientific/14-15/

Boolean functions, bent and APN functions, constructions of families of bent and hyperbent functions.

localfields/.

Information: scientific-events.weebly.com/1193.html.

This section contains announcements of meetings and conferences
of interest to some segment of the mathematical public, including ad
hoc, local, or regional meetings, and meetings and symposia devoted
to specialized topics, as well as announcements of regularly scheduled
meetings of national or international mathematical organizations. A
complete list of meetings of the Society can be found on the last page
of each issue.
An announcement will be published in the Notices if it contains a call
for papers and specifies the place, date, subject (when applicable), and
the speakers; a second announcement will be published only if there are
changes or necessary additional information. Once an announcement
has appeared, the event will be briefly noted in every third issue until
it has been held and a reference will be given in parentheses to the
month, year, and page of the issue in which the complete information
appeared. Asterisks (*) mark those announcements containing new or
revised information.
In general, announcements of meetings and conferences carry only
the date, title of meeting, place of meeting, names of speakers (or
sometimes a general statement on the program), deadlines for abstracts
or contributed papers, and source of further information. If there is any
application deadline with respect to participation in the meeting, this
fact should be noted. All communications on meetings and conferences
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in the mathematical sciences should be sent to the Editor of the Notices in
care of the American Mathematical Society in Providence or electronically
to notices@ams.org or mathcal@ams.org.
In order to allow participants to arrange their travel plans, organizers of
meetings are urged to submit information for these listings early enough
to allow them to appear in more than one issue of the Notices prior to
the meeting in question. To achieve this, listings should be received in
Providence eight months prior to the scheduled date of the meeting.
The complete listing of the Mathematics Calendar will be published
only in the September issue of the Notices. The March, June/July, and
December issues will include, along with new announcements, references
to any previously announced meetings and conferences occurring
within the twelve-month period following the month of those issues.
New information about meetings and conferences that will occur later
than the twelve-month period will be announced once in full and will
not be repeated until the date of the conference or meeting falls within
the twelve-month period.
The Mathematics Calendar, as well as Meetings and Conferences of
the AMS, is now available electronically through the AMS website on
the World Wide Web. To access the AMS website, use the URL: www.
ams.org/.
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* 16–17 GSCAGT - Graduate Student Conference in Algebra, Geometry, and Topology, Temple University, Philadelphia, Pennsylvania.
Description: This conference aims to expose graduate students in
algebra, geometry and topology to current research, and provide
them with an opportunity to present and discuss their own research.
It also intends to provide a forum for graduate students to engage
with each other as well as expert faculty members in their areas of
research. Most of the talks at the conference will be given by graduate students, with four given by the following keynote speakers:
Chelsea Walton (MIT), Julie Bernger (UC Riverside), Jessica Purcell
(Brigham Young), Daniel Wise (McGill).
Information: math.temple.edu/events/gscagt/.

Description: The theory of automorphic forms is a rich research
area with deep connections to many different fields of mathematics
and physics. World class researchers with expertise on automorphic
forms will meet with the goal to advance the theory of automorphic forms and to shed light on several open problems. A strong
emphasis will be on real-analytic automorphic forms and their role
in combinatorics, mathematical physics and representation theory.
The conference will concentrate on topics such as Harmonic weak
Maass forms, harmonic Maass-Jacobi forms, mock modular forms,
umbral moonshine, Nahm’s conjecture, quantum black holes, partitions and q 
-series and asymptotics.
Information: scientific-events.weebly.com/1108.html.

* 16–19 International Workshop on Quantitative Properties of
Groups and Related Topics, Chongqing University of Arts and Sciences, Chongqing, China.
Description: The aim of this workshop is to provide an overview of
different aspects on quantitative properties of groups and related
topics, including its applications. It is addressed both to postgraduate students and researchers in these areas of group theory.
Confirmed Invited Speakers (Non-Chinese): Marston Conder
(New Zealand), Maria Grechkoseeva (Russia), Kanta Gupta (Canada),
Thomas Keller (USA), Goansu Kim (South Korea), Anatoly Kondratiev
(Russia), Daria Lytkina (Russia), Victor Mazurov (Russia), Ali Reaz
Moghaddamfar (Iran), Danila Revin (Russia), Andrey Vasilyev (Russia), Yong Yang (USA).
Contact: Professor Wujie Shi (Chair); wjshi@suda.edu.cn).
Information: www.iwqpg.org.

* 25–29 Rational Points (Thematic Program on Algebraic Geometry), IMPA (Instituto Nacional de Matemática Pura e Aplicada), Rio
de Janeiro, Brazil.
Description: Workshop on rational points on algebraic varieties as
part of the thematic program on algebraic geometry at IMPA, Rio
de Janeiro, Brazil. There will be two mini-courses offered: “Diagonal
arithmetics” by Alena Pirutka (École polytechnique), and “Rational
points on rationally connected varieties over number fields” by Oliver Wittenberg (École normale supérieure).
Lectures: Martin Bright (Leiden), Cyril Demarche (Paris VI), Ulrich
Derenthal (Hanover), Rachel Newton (Max Planck Institute), R. Parimala (Emory), Alexei Skorobogatov (Imperial College), Ronald van
Luijk (Leiden), and Jose Felipe Voloch (Texas). Some local funding is
available for junior participants. For details, check the main web-site
of the IMPA thematic program: alg-geo.impa.br/.
Information: www.impa.br/opencms/en/eventos/store/
evento_1509.

* 18–22 The 9th “International Conference on Topological Algebras
and their Applications” (ICTAA-2015), Holon Institute of Technology- HIT, Golomb Street 52, Holon 5810201, Israel.
Description: This conference is the ninth in the series of international conferences on Topological Algebras and their Applications.
The previous conferences were held at Tartu (1999), Rabat (2000),
Oulu (2001), Oaxaca (2002), Athens (2005), Tartu (2008), Tartu (2013)
and Playa de Villas de Mar Beach in the Dominican Republic (2014).
Topics: The topics of the conference include all areas of mathematics, connected with (preferably general) topological algebras
and their applications, including all kinds of topological-algebraic
structures as topological linear spaces, topological rings, topological
modules, topological groups and semigroups; bornological-algebraic
structures such as bornological linear spaces, bornological algebras,
bornological groups, bornological rings and modules; algebraic and
topological K-theory; topological module bundles, sheaves and others. The objective of the present conference is to bring together experts and young researchers on these fields of mathematics.
* 19–22 Workshop - Magnetic fields and semi-classical analysis,
Henri Lebesgue Center, Rennes, France.
Description: The aim of this workshop on “Magnetic fields and
semi-classical analysis” is to present the latest advances, and their
applications, in the study of partial differential equations with magnetic fields and semiclassical analysis. This will allow for the interaction between different research communities and stimulate new
investigations on a large spectrum of recent problems, from
superconductivity theory to Maxwell equation, via spectral theory
and dynamics for the Schrödinger equation, and their geometric
aspects.
Information: www.lebesgue.fr/content/sem2015-magnetic.
* 25–29 Automorphic Forms: Advances and Applications, CIRM,
Marseille Luminy, France.
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* 28–31 Workshop on Ricci Curvature, Northwestern University,
Evanston, Illinois.
Description: This Workshop on Ricci Curvature will bring together
experts in various areas of research under a common theme of
Ricci curvature.
Invited speakers: Richard Bamler (Berkeley); Albert Chau (UBC); Jeff
Cheeger (NYU); Robert Haslhofer (NYU); Hans-Joachim Hein (Maryland); Chi Li (Stony Brook); Gang Liu (Berkeley); John Lott (Berkeley);
Duong H. Phong (Columbia); Yanir Rubinstein (Maryland); Natasa
Sesum (Rutgers); Christina Sormani (CUNY); Song Sun (Stony Brook);
Gábor Székelyhidi (Notre Dame); Jeff Viaclovsky (Wisconsin); Bing
Wang (Wisconsin); Mu-Tao Wang (Columbia); Guofang Wei (UCSB);
Xiaokui Yang (Northwestern); Ruobing Zhang (Princeton).
Information: math.northwestern.edu/emphasisGA/ricci/.

June 2015
* 1–5 Moduli Spaces in Symplectic Topology and in Gauge Theory,
CIRM, Marseille Luminy, France.
Description: This workshop will focus on the topic of Analytic
foundations and applications to dynamics, in particular analytical
foundations of symplectic field theory; closed orbits of Hamiltonian
flows, symplectic dynamics and Seiberg-Witten Floer homology and
mean curvature flows for Lagrangian submanifolds. It will also deal
with the topic of Algebraic structures and ramifications, with specific
focus on further algebraic structures; on enumerative invariants for
Lagrangian submanifolds and on ramifications.
Information:
lalondeteleman.weebly.com/main-conference.html.
* 1–5 Nordic Summer School in Algebra and Geometry, The Sven
Loven Centre for Marine Sciences of the University, Gothenburg,
Sweden.
Description: The purpose of the Summer School is to get graduate students and young researchers in algebra and geometry in the
of the
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Nordic countries, to meet and to broaden their algebraic/geometric
horizons through courses in diverse fields of algebra and geometry.
In addition there will be possibilities for the participants to present their own research. The afternoons will be devoted to projects
and research, with opportunities to discuss with fellow graduate
students and professors.
Information: loven.gu.se/english.
* 1–5 Representation Theory, Number Theory and Invariant Theory,
Yale University, New Haven, Connecticut.
Description: The conference will overview the role of representation
theory in various disciplines such as automorphic forms, harmonic
analysis, and invariant theory developed over the past half a century,
present recent progress in this field, and finally aim to extrapolate
it into future. The main topics include automorphic forms, invariant
theory, representation theory of reductive groups over local fields
and related subjects. Professor Howe’s work and insights have been
influential in the development of these fields of mathematics and
the conference will be an occasion to celebrate his 70th birthday.
Please forward this information to others, especially to graduate students or recent PhDs. Thanks to generous funding from NSF and the
Number Theory foundation, we are offering some financial support.
Organizers: James Cogdell, Ju-Lee Kim, David Manderscheid, Gregory Margulis, Jian-Shu Li, Cheng-Bo Zhu, Gregg Zuckerman.
Registration: Opened in December of 2014.
Information: math.mit.edu/conferences/howe/.
* 2–5 Frontiers of singular integrals, University of Helsinki, Helsinski, Finland.
Description: The aim of the workshop is to exchange some latest
ideas in the analysis of singular integrals and allied topics, the “frontiers” understood as bordering both the limits of existing knowledge
and other areas of mathematics.
Information: wiki.helsinki.fi/display/HAWorkshop2015/.
* 8–12 Real Analytic Geometry and Trajectories of Vector Fields,
CIRM, Marseille Luminy, France.
Description: In recent years, substantial progress has been made in
understanding the qualitative properties of trajectories of real analytic (and more general) vector fields by a large variety of geometric
methods, such as: resolution of singularities, classification of real
analytic function germs, stratifications and conormal geometry,
gradient flow, ridge and valley lines, semi-algebraic and o-minimal
geometry, and also by more analytic approaches such as:quasi-analytic classes, (pseudo)abelian integrals, formal series and asymptotic
analysis, non-linear analysis, resurgent methods and resummation
processes. The main goal of this meeting is to reunite experts coming from different approaches and the young researchers from our
ANR project as well as meet with others from outside this project.
Information: scientific-events.weebly.com/1220.html.
* 9–11 Elementary, analytic, and algorithmic number theory: Research inspired by the mathematics of Carl Pomerance, University
of Georgia, Athens, Georgia.
Description: In honor of Carl Pomerance’s 70th birthday. There
will be a pre-conference workshop aimed at young mathematicians
whose research fits within the scope of the conference. It will feature talks by current and recent Ph.D. students, in addition to career
advice and social events. The workshop will be a full-day event and
it will take place on Monday, June 8th. All conference participants
are invited to attend.
Information: alpha.math.uga.edu/~cp70/CP70/Home.html.
* 10 2015 PIMS Marsden Memorial Lecture, École Polytechnique Fédérale de Lausanne, Lausanne, Switzerland.
Description: Yann Brenier (École Polytechnique, Paris) will give a
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lecture entitled: From Euler to Born-Infeld, Fluids and Electromagnetism. –The Marsden Memorial Lecture Series is dedicated to the
memory of Jerrold E Marsden (1942-2010), a world-renowned Canadian applied mathematician.–
Information:
www.pims.math.ca/scientific-event/150610-pmmlyb.
* 10–12 IMA International Conference on Barriers and Enablers to
Learning Maths, University of Glasgow, Glasgow, Scotland.
Description: This is the first international conference of the Institute of Mathematics and its Applications (IMA) about approaches
to teaching and learning mathematics. Mathematics should be understood in the widest possible sense to cover all aspects of mathematics, including number, pure mathematics, applied mathematics, statistics and the full range of applications of mathematics.
The conference examines learning and teaching throughout the life
span, from the most basic to the most advanced topics and for the
full range of learners, including people with dyscalculia and other
maths learning difficulties, gifted learners and mathematicians. This
should lead to cross-fertilisation between different areas of learning and teaching. The conference is also highly interdisciplinary. In
addition to mathematicians, it should be of interest amongst others to psychologists, teachers, pedagogical and educational experts,
engineers, scientists and social scientists.
Information:
www.ima.org.uk/conferences/conferences_calendar/
barriers_and_enablers_to_learning_maths.cfm.html.

* 10–12 Western International Workshop on Harmonic Analysis
and PDE, University of British Columbia, Vancouver, BC, V6T 1Z4,
Canada.
Description: The purpose of this workshop is to promote the communication and interaction, mainly on the western part of the continent, of researchers at all levels in the area of Harmonic Analysis,
Partial Differential Equations, Geometric Measure Theory and their
applications. The workshop will gather senior researchers, postdoctoral fellows and related collaborators, and graduate students mainly
from universities in western Canada and USA. The great distances
between the higher education institutions in this region result in
less frequent interchanges and not very fluid dialogue among experts with common interests. A minicourse will be offered by Eric
T. Sawyer. Senior participants will present short talks about their
research. There will be networking time allocated for participants.
Organizers: Cristian Rios, University of Calgary; Malabika Pramanik, University of British Columbia; Tatiana Toro, University of
Washington.
Information:
www.pims.math.ca/scientific-event/150610-wiwhap.
* 13–14 International Conference on Computer Science, Engineering and Innovations (ICCSEI 2015), Strand Palace Hotel London,
372 Strand, London, England.
Description: This is a platform for researchers, engineers, academicians as well as industrial professionals from all over the world to
present their research results and development activities in Computer Engineering and Technology.
Information: www.iccsei.com.
* 15–19 Probability and Biological Evolution, CIRM, Marseille Luminy,
France.
Description: The overarching goal of the conference is to reflect
the current methodological and conceptual advances in the study
of stochastic processes used in modeling for ecology, population
of the
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genetics and evolution. This is intended to stimulate the development of cutting-edge stochastic models that will promote a better
understanding of evolutionary processes at various scales, ranging
from genes to populations, communities and ecosystems. The main
mathematical problems to be addressed can be described by the
interrelated topics: Large-scale behavior and rare events in population dynamic; Trees, coalescents and historical processes; Generalized branching processes; Spatial models in ecology and population
genetics and Random networks in epidemiology.
Information: scientific-events.weebly.com/1112.html.
* 17–18 International Conference on High Performance Computing
and Emerging Technology (ICHPCET 2015), Strand Palace Hotel
London, 372 Strand, London, England.
Description: The theme of this conference is to promote the state of
the art in scientific and practical research of the High Performance
Computing and Big Data. It provides a forum for bringing together
researchers and practitioners from academia, industry, and public
sector in an effort to present their research work and share research
and development ideas in the area of Big Data and computing.
Information: www.ichpcet.com.
* 22–26 Arithmetic Geometry, Representation Theory and Applications, CIRM, Marseille Luminy, France.
Description: This conference, that will punctuate the end of the ANR
program on p-adic Hodge theory and beyond (ThéHopaD), aims to
give an overview of some of the most striking results in arithmetic
geometry with an emphasis on p-adic aspects.
Topics: The following topics will be the main focus of the meeting:
p-adic Hodge theory and beyond; Shimura varieties; Galois representations and Ramification theory.
Information: scientific-events.weebly.com/1185.html
* 22–28 Intuitive Geometry–László Fejes Tóth Centennial (LFT100),
Budapest, Hungary.
Description: To commemorate the 100th anniversary of the birth
of László Fejes Tóth, the Alfréd Rényi Institute of Mathematics, the
Central European University and the János Bolyai Mathematical Society are organizing an international conference and workshop devoted to László Fejes Tóth’s main areas of interest.
Topics: Discrete and combinatorial geometry, convex geometry
and general convexity, the theory of packing, covering and tiling,
computational geometry, rigidity theory, the geometry of numbers,
crystallography and classical differential geometry.
Information: renyi.hu/conferences/lft100/.
* 29–July 3 School of Biology for Students in Mathematics and Informatics, CIRM, Marseille Luminy, France.
Description: The Summer school of Biology in Luminy has been organized since 2002 and held at CIRM since 2008. The participants
are primarily students in mathematicics and computer scientists,
but also physicists or engineers, for whom this intensive school provides minimal training in biology so they may be able to work at the
interface between biology and their own discipline. For students in
their fourth year or above.
Information: scientific-events.weebly.com/1470.html.
* 29–July 3 School and Workshop on Group Representations in Dynamical Systems and Geometry, CIRM, Marseille Luminy, France.
Description: The scope of this conference is to build on the knowledge of the deep relations existing between Representation Theory,
Ergodic Theory and Dynamical Systems and to expand in related
areas of research that came recently to prominence in the worldwide
mathematical scenery.
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Main topics: Representation theory of the infinite symmetric groupasymptotic formulas and connections with probability; Finite dimentional representations of finitely generated groups- including
combinatorial theory of association schemes and coding theory;
Growth functions and representation theory in low dimensional
geometry and Topology.
Information: scientific-events.weebly.com/1234.html.
* 29–July 10 PIMS Symposium on the Geometry and Topology of
Manifolds, University of British Columbia, Vancouver, BC, Canada.
Description: The objective will be to bring together mathematicians
working on a broad range of topics in this area, and provide an opportunity for researchers and graduate students to learn about new
connections. The program will include a combination of expository
and research talks, as well as time for informal contacts and exchanges of ideas. See the conference webpage for information about
the program, speakers and registration.
Information:
www.pims.math.ca/scientific-event/150629-psgtm.
* 29–July 10 Winter School 2015 on Algebra, Geometry and Physics, The University of Queensland, Queensland, Australia.
Description: The AMSI Winter School in the Mathematical Sciences is
based on successful US and European models. Since 2004, the Winter School has become an annual event, hosted by The University of
Queensland. The Winter School is designed for graduate students
and postdoctoral fellows in the mathematical sciences and cognate
disciplines. Students, researchers and employees working at the
intersection between Algebra, Geometry and Physics or who have
an interest in increasing their breadth of knowledge in these areas
are invited to attend.
Course content: Vertex Operator Algebras, K-theory and Moduli
spaces.
Why attend?: Hear from eminent national and international lecturers Learn mathematical tools and techniques used in research Meet
other PhD students and ECRs in the Mathematics/Mathematical
Physics space Expand your knowledge of Representation Theory
Understand key aspects of current research underway here in Australia and overseas.
Information: ws15.amsi.org.au/.

July 2015
* 6–10 Dynamics and Geometry in the Teichmüller Space, CIRM,
Marseille Luminy, France.
Description: Within the last fifteen years, Dynamics and geometry
in the Teichmüller space is and area that has known considerable
progress and to which many first-class mathematicians have contributed. One such recent development is a theorem by Eskin and
Mirzakhani that proves that complex geodesics and their closures
in moduli space are surprisingly regular, rather than irregular or
fractal, a fantastic new path that revolutionizes this area of research
and was announced in 2012.
Main topics: We want to focus on in this workshop are at the border
with geometry, algebraic geometry, topology, dynamical systems,
ergodic theory and number theory.
Information: scientific-events.weebly.com/1115.html.
* 6–12 Summer School in Geometric Analysis, Northwestern University, Evanston, Illinois.
Description: This Summer School in Geometric Analysis at Northwestern will feature six speakers who will give introductory minicourses, aimed at graduate students and recent PhDs, in various
topics in geometric analysis.
of the
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Mini-courses: Esther Cabezas-Rivas (Frankfurt) “Mean Curvature
Flow”; Brett Kotschwar (Arizona State) “Introduction to the Ricci
flow”; Aaron Naber (Northwestern) “Ricci curvature”; Valentino Tosatti (Northwestern) “The Kähler-Ricci flow”; Ben Weinkove (Northwestern) “The complex Monge-Ampère equation”; Steve Zelditch
(Northwestern); “Geodesics in the space of Kähler metrics”.
Information:
math.northwestern.edu/emphasisGA/summerschool/.
* 6–17 CIMPA School: Random processes and optimal configurations in analysis, Buenos Aires, Argentina.
Description: The school will consist of 11 courses (3 hours each)
and plenary talks. The main topics of the school lie in the interface
between the theory of point processes in probability theory and the
theory of optimal distribution of points in analysis.
Courses: Pavel Bleher (IUPUI), Pablo Ferrari (Univ. de Buenos Aires);
Alicee Guionnnet (MIT); Manjunath Krishnapur (Indian Institute
of Science); Joaquim Ortega Cerdà (Univ. de Barcelona); Etienne
Sandier (Univ. Paris XII Val de Marne); Sylvia Serfaty (Univ. Pierre et
Marie Curie Paris VI); Mariya Scherbina (Inst. of Low Temperature
of Ukraine); Mikhail Sodin (Tel Aviv Univ.); Balint Virag (Univ. of Toronto); Ofer Zeitouni (Weizmann Inst. of Science).
Main speakers: Yacin Ameur (Lund Univ.); Diego Armentano (Udelar); Zakhar Kabluchko (Ulm Univ.); José León (Univ. Central de Venezuela); Alexander Borichev (Aix-Marseille Univ.); Daniel Remenik
(Univ. de Chile).
Information: bacimpaschool.weebly.com/.
* 7–10 Fourth Summer School on Quantum Ergodicity and Harmonic Analysis. Eigenfunction estimates and related topics, University of Marburg, Marburg, Germany.
Description: The purpose of this summer school is to provide an
introduction, accessible for doctoral students, to the very active field
of the study of eigenfunction estimates on Riemannian symmetric
spaces and related topics.
Main speakers: Simon Marshall (Wisconsin-Madison), Christopher
Sogge (Johns Hopkins) and Melissa Tacy (Adelaide).
Information: www.uni-math.gwdg.de/QE2015.
* 7–23 Graduate Summer School: Games and Contracts for CyberPhysical Security, Institute for Pure and Applied Mathematics
(IPAM), UCLA, Los Angeles, California.
Description: This summer school will provide an advanced introduction on how the mathematical tools of game theory can be applied
to improve the resilience(security and reliability) of cyber-physical
systems (CPS) that control critical national infrastructures, such as
our electricity, water, and transportation networks. Game-theoretic
tools allow analyzing strategic behavior of the entities upon whose
choices the CPS operations depend. The summer school will cover:
mathematical tools from game theory; economic applications of
game theory, such as principal-agent theory, dynamic games and
contracts, regulation, mechanism design and auctions, and matching and market design; game theory for cyber physical systems,
especially security and resilience with applications to various infrastructure domains.
Deadline: For application: March 31, 2015.
Information: www.ipam.ucla.edu/programs/sum m e r schools/graduate-summer-school-games-and-contractsfor-cyber-physical-security/.

* 11–14 Workshop on New Directions for the Tutte Polynomial:
Extensions, Interrelations, and Applications, Royal Holloway University of London, Egham, United Kingdom.
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Description: The Tutte polynomial is unquestionably the most heavily studied, and arguably the most important, graph polynomial. It
specialises to a myriad other graph polynomials and invariants, and
has found important interpretations and applications in areas such
as statistical mechanics, quantum field theory, knot theory, and biology. It is a pervasive object in graph theory and its applications.
This workshop will bring together researchers who have an interest
in the many wide-ranging properties and applications of the Tutte
polynomial, and in graph polynomials more generally. It will focus
on some of the most recent advances in the field, including topological extensions, connections with matroid theory, computation
and approximation, and on applications of graph polynomials to
biomathematics and physics. It will provide an effective forum for
sharing ideas, techniques and applications.
Information: tutte2015.ma.rhul.ac.uk/.
* 12–17 Integrability in algebra, geometry and physics: new trends,
Congressi Stefano Franscini, Ascona, Switzerland.
Description: The unifying theme of this conference is integrability,
a basic notion that first appeared in classical mechanics and that
continues to be unexpectedly of key importance in various areas
of mathematics and physics. The conference will focus on some of
the newest developments in this subject with particular attention
to the interrelations between different subject areas. It will focus on
the following partly overlapping topics: (1) Cherednik algebras and
Lie algebras, (2) Poisson geometry, Yang–Baxter structures, deformations and quantization, (3) Frobenius manifolds, bi-Hamiltonian
integrable hierarchies, and moduli spaces, (4) discrete geometry and
discrete integrability, (5) random matrices, asymptotic analysis and
special functions. The conference will also be the occasion to celebrate Alexander Veselov’s 60th birthday.
Information: www.maths.gla.ac.uk/~mf/APV60/.
*13–17 Impact of Geometric Group Theory, CIRM, Marseille Luminy, France.
Description: By now, the areas of dynamics and of geometric group
theory extend to numerous active branches of mathematics such as
low-dimensional topology, algebraic topology, complex dynamics,
Teichmüller theory, logics, Riemannian geometry, representation
theory, operator algebras etc. The present conference will be the opportunity not only to present the most recent progress in dynamics
of group and/or geometric group theory, but also to report on their
recent impact on related domains.
Information: scientific-events.weebly.com/1224.html.
* 15–22 International Workshop, Groups and Rings, Theory and
Applications (GRiTA2015), Institute of Mathematics and Informatics at the Bulgarian Academy of Sciences, Sofia, Bulgaria.
Description: The Workshop is organized by the Institute of Mathematics and Informatics at the Bulgarian Academy of Sciences. Its
purpose is to present the current state of the art in group theory
and ring theory and their applications. In particular, we expect to
emphasize on combinatorial group theory, finite simple groups,
combinatorial and computational ring theory, noncommutative ring
theory and theory of PI-algebras, commutative and noncommutative
invariant theory, automorphisms of polynomial and other free algebras, representation theory of groups, Lie algebras and Lie superalgebras. The applications are oriented but not limited to scientific
computations, coding theory, cryptography, statistics, wireless communications. The Workshop will include invited talks and research
contributions. The time for the presentation of invited talks is 45
minutes and the time for the research contributions is 30 minutes,
including questions.
Information: www.math.ba s.bg/algebra/GRiTA2015/.
of the
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* 19–24 Summer School on Transport, Fluid and Mixing, Levico
Terme, Trento, Italy.
Description: The School aims at introducing researchers, especially
graduate students and postdocs, to the state of the art in the analysis
of transport and mixing properties in fluid mechanics, and related
problems. The format of the school consists in four short courses
by leading experts in the field. There will also be an opportunity for
participants to present a poster.
Short Courses: Yann Brenier (CNRS, Centre Laurent Schwartz, Ecole
Polytechnique, Palaiseau, F): Concepts of generalized flows in Fluid
Mechanics Peter Constantin (Princeton University, USA): Uniqueness, regularity and long time behavior of hydrodynamic evolution
equations Charlie Doering (University of Michigan, Ann Arbor, USA):
Models and measures of mixing and effective diffusion Alexander
Kiselev (Rice University, USA): Small scale creation in inviscid fluids.
Information: www.science.unitn.it/cirm/TFM2015.html.
*27–August 2 22nd IMC (International Mathematics Competition
for University Students), American University in Bulgaria, Blagoevgrad, Bulgaria.
Description: The 22nd IMC is being organized by University College
London and hosted by the American University in Bulgaria, Blagoevgrad, Bulgaria. Every participating university is invited to send
several students and one teacher. Individual students are welcome.
The competition is planned for students completing their first, second, third or fourth year of university education and will consist of
2 Sessions of 5 hours each. Problems will be from the fields of Algebra, Analysis (Real and Complex), Geometry and Combinatorics.
The working language will be English. Over the previous twenty one
competitions we have had participants from over two hundred institutions in over fifty countries. Although this is an individual event,
the Universities traditionally divide their participants into groups
of four each. The number of students in the teams is, however, not
fixed. The professor who accompanies the students is expected to
be a member of the Jury.
Information: www.imc-math.org.uk.

scientific research. Multimedia systems conferences are highly anticipated conferences due to the integration of various fields. Multimedia simulation conferences are designed to bring together all
the researchers, professors, industrialists, academic scientists to
foster an environment conducive to exchanging ideas, information
and research. Digital electronic media events provides a chance to
active researchers to explain the recent progress, trends, advancements in the field of multimedia and the solutions they came up
with practical problems faced during the phases of research in the
field of multimedia and applications. Multimedia applications events
are an international platform which aims to gather results from academia and industry partners working in all sub fields of multimedia.
Information: multimedia.global-summit.com/.
*26–30 Algebraic Combinatorics and Applications, Michigan Technological University, Houghton, Michigan 49931
Description: The goal of the conference is to bring together researchers and students interested in algebraic combinatorics and its applications to communications, classical and quantum error-correcting
codes, cryptography, information security, computer science, finite
geometry, combinatorial designs, graphs, and other related areas,
in order to promote new linkages and collaborations.
Information: www.math.mtu.edu/~tonchev/aca15.htm.
* 31–September 4 Cohomological Methods in the Theory of Algebraic Groups, CIRM, Marseille Luminy, France.
Description: In the last 15 years, the theory of algebraic groups
has witnessed an ever increasing use of cohomological methods
from modern algebraic geometry and algebraic topology. These new
methods have led to breakthroughs in a number of classical problems in algebra, which seemed beyond the reach of earlier purely
algebraic techniques. The purpose of this workshop is to provide a
forum for experts in the field of algebraic groups or in related areas
to exchange ideas, disseminate new techniques and discuss recent
developments. The workshop will be an opportunity for younger

August 2015

researchers to learn about open problems and state-of-the-art tech-

* 2–7 The International Conference “Mathematical and Computational Modeling in Science and Technology” (ICMCMST’15), Izmir
University, Izmir, Turkey.
Description: The ICMCMST’15 conference is aimed to bring experts, researchers and postgraduate students on Mathematical and
Computational Modeling in several fields of Science, Technology
and Engineering, such as theoretical and computational aspects in
Mathematics, Informatics, Physics, Chemistry, Mechanics, Biology,
Economics, and other sciences, from the entire world in order to
discuss high level scientific questions, exchange solid knowledge
of pure and applied sciences, and investigate diverse backgrounds,
theoretically and practically. The areas of interest include but are
not limited to: Partial Differential Equations: Theory and Applications; Fractional Operators and Their Applications; Inverse Problems:
Modeling and Simulation; Mathematical Methods in Systems Biology,
Optimization and Control; Difference and Time-Scale Dynamic Equations; Probability, Statistics and Numerical Analysis; Computational
Models in Science and Technology.
Information: icmcmst.alpha-publishing.net.
* 10–11 Global Summit and Expo on Multimedia & Applications,
Hilton Metropole, Birmingham, United Kingdom.
Description: Multimedia applications conferences have an almost
innumerable variety of applications. They are used in education,
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Information: scientific-events.weebly.com/1001.html.

September 2015
* 7–11 Additive Combinatorics in Marseille, CIRM, Marseille Luminy,
France.
Description: At an international level, the scientific subject of the
conference, additive combinatorics, has been flourishing for a few
years and has now become an independent branch of mathematics. Since the famous Szemeredi’s theorem on the density of sets of
integers without arithmetic progression, several results have been
obtained, of which some attained a high level of notoriety, like the
inverse Freiman-Ruzsa’s theorem, the Erdös-Ginzburg-Ziv theorem,
the Balog-Szemeredi-Gowers theorem, the Green-Tao theorem or the
results on the Davenport constant, to quote a few. The conference
will offer a good opportunity to summarize the present state of the
art on the subject and on its connections to all other branches of
mathematics connected to it.
Information: scientific-events.weebly.com/1107.html.
* 7–11 The Cauchy Problem in Kinetic Theory: Recent Progress in
Collisionless Models, Imperial College, London, United Kingdom.
Description: In this conference we aim to bring together the top
of the
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specialists in the field of collisionless kinetic theory, along with

Deadline: For the application: April 15, 2015.

promising young mathematicians, to explore recent progress, iden-

Information: Additional information can be found at the webpage

tify important open problems, and hopefully set a course for the

of the conference www.ventotene2015.net.

next few years. The field of collisionless kinetic theory has seen a

* 14–16 International Conference on Signal Processing, Embassy

revived interest in recent years, in part due to some noteworthy re-

Suites Las Vegas 4315 Swenson Street, Las Vegas, Nevada.

sults, such as the result of C. Mouhot & C. Villani concerning Landau

Description: The conference throws light on thought provoking top-

Damping. This conference aims to harness this renewed interest to

ics and recent research in the field of Signal processing like, Wire-

generate momentum and attract young researchers to this field.
Some of the most influential results of the last decades are due to
Walter Strauss, Bob Glassey and Jack Schaeffer: three mathematical
generations. We will use this opportunity to mark their contribu-

less Communication Processing, Power Systems, Electromagnetic
systems, VLSI Technology and Embedded Systems, Multimedia and
Communications, Nano electronics & Nano photonics, Array processing, and many more. The organizing committee is gearing up
for an exciting and informative conference program including ple-

tions to this field. In particular, we shall mark Bob’s 70th birthday,

nary lectures, symposia, workshops on a variety of topics, poster

as well as the 20th anniversary of the publication of his book “The

presentations and various programs for participants from all over

Cauchy Problem in Kinetic Theory”.

the world. We invite you to join us at the Signal Processing-2015

Information:

International Conference, where you are sure to have a meaningful

wwwf.imperial.ac.uk/~jbenartz/Conference-2015/

experience with scholars from around the world. All the Organiz-

index.html.

ing Committee Members of the Signal Processing-2015 International

*7–11 First Joint International Meeting of the Israel Mathematical
Union and the Mexican Mathematical Society, Instituto Tecnolgico
de Oaxaca, Oaxaca, Mexico.
Plenary speakers: Andrés Christen (CIMAT, Mexico), Dania Gutiérrez
(CINVESTAV-Monterrey, Mexico), Daniel Juan (CCM-UNAM, Mexico),

Conference look forward to meet you in Las Vegas, USA.
Information: signalprocessing.conferenceseries.com/.
* 14–18 GAGTA-9: Geometric, Asymptotic and Combinatorial Group
Theory and Applications, CIRM, Marseille Luminy, France.
Description: The series of conferences named GAGTA is devoted
to the confrontation of several viewpoints on the theory of infinite

Nathan Linial (Hebrew University of Jerusalem, Israel), Michael Polyak

groups: geometric, combinatorial, asymptotic and probabilistic, al-

(Technion, Israel), Sergio Rajsbaum (IMATE-UNAM, Mexico), Jacob Ru-

gorithmic and computational.

binstein (Technion, Israel), Barak Weiss (Tel Aviv University, Israel).

Topics: Topics discussed at these conferences include group actions;

Special sessions: Algebra and Group Theory, Algebraic Geometry,

growth and isoperimetric functions and other asymptotic invariants;

Applied and Industrial Mathematics, Approximation Theory, Bioin-

random walks; algebraic geometry on groups; algorithmic properties

formatics and Systems Biology, Combinatorics, Computer Science,

and their complexity; generic properties and more generally generic

Dynamical Systems, Geometry and Topology, Low Dimensional Topology, Numerical Analysis, Partial Differential Equations.
Information: mathmeetingisraelmexico.matem.unam.mx/.
* 7–12 Manifolds and Groups, Ventotene (LT), Italy.

complexity; and applications of group theory, notably to non-commutative cryptography. The 2015 edition of the conference, the first
to be held in France will additionally bring a special emphasis to the
contributions of asymptotic theory; the algorithmic aspects of group
theory and its connections with computer science.

Scope: To strengthen the already existing knowledge of the re-

Information: scientific-events.weebly.com/1212.html.

lationship between 3-manifold theory, topology, probability the-

* 18–20 LMS-EMS mathematical weekend, Birmingham University,

ory, and analytic group theory, while expanding it in directly re-

Edgbaston Campus, Birmingham, United Kingdom.

lated areas of research that recently came to the forefront of the

Description: To celebrate the 150th year of the London Mathematical

worldwide mathematical scenery. In addition to research talks

Society (LMS) and the 25th year of the European Mathematical Soci-

there will be an instructional component in the form of three

ety (EMS) we are organizing a mathematical weekend, to be held in

minicourses with the focus in Towers of covers and applications.

Birmingham from Friday September 18th to Sunday 20th, 2015. All

• Invariant Random Subgroups in rank one and higher rank Lie groups,

mathematicians, from Europe and elsewhere, are warmly invited to

Tsachik Gelander (Hebrew University and Weizmann Institute).

• Coverings and expanders, Emmanuel Kowalski (ETHZ).
• L2-invariants and growth of homology in towers of finite

participate. The weekend features three themes: Algebra, Analysis
and Combinatorics. There will be plenary talks by Noga Alon, Keith
Ball, Béla Bollobás, Timothy Gowers, Stefanie Petermichl, and Aner
Shalev. There will be over twenty other invited talks presented in

coverings, Roman Sauer (Karlsruhe Institute of Technology).

parallel sessions. Participation by early-stage researchers is particu-

Doctoral students and young researchers are particularly encour-

larly welcome and some funding is available to support them. Addi-

aged to apply by sending email to: ventotene2015@gmail.com.

tional sessions are planned for post-doctoral researchers to present

• a CV.
• a short statement describing the relevance of the participation to

their work, and there will be a poster session for doctoral students.

this conference for their research.

• a letter of recommendation.
May 2015

Information: web.mat.bham.ac.uk/emslmsweekend/.
* 18–20 Workshop on Geometrical Analysis dedicated to the 60th
birthday of Jan Maly, Charles University, Prague, Czech Republic.
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Description: The workshop will take place from Friday, September
18, to Sunday, September 20, 2015, at the lecture room K1, second
floor, Sokolovska 83, Prague 8, Czech Republic. The program will
consist of lectures delivered by invited speakers who are coauthors
of Jan Maly. Another purpose of the meeting is to bring together
mathematicians with common interest in the Geometrical Analysis
and related topics.
Speakers: Luigi Ambrosio (SNS Pisa); Jana Bjorn (Linkoping University); Bernard Dacorogna (EPFL, Lausanne); Irene Fonseca (Mellon
College of Science University, Pittsburg); Piotr Hajlasz (University
of Pittsburgh); Tero Kilpelainen (University of Jyvaskyla); Pekka Koskela (University of Jyvaskyla); Jaroslav Lukes (Charles University in
Prague); Olli Martio (University of Helsinki); Jani Onninen (University
of Jyvaskyla); Lubos Pick (Charles University in Prague); Ludek Zajicek (Charles University in Prague).
Information: www.karlin.mff.cuni.cz/workshopprague/.
* 21–25 AIM Workshop: Geometric flows and Riemannian geometry,
American Institute of Mathematics, San Jose, California.
Description: This workshop, sponsored by AIM and the NSF, will be
devoted to geometric flows and Riemannian geometry.
Information:
aimath.org/workshops/upcoming/flowriemannian.
* 21–25 Elliptic Methods and Moduli Spaces, CIRM, Marseille Luminy,
France.
Description: Nowadays, most of Symplectic topology and Gauge
theory are based on a very diverse and profound set of Floer theories,
which are themselves derived from a rich and complex corpus of
moduli spaces. In this school, which is part of the Jean Morlet Chair
semester granted to François Lalonde, some theories that have all followed the Floer theory, but in contexts that are far more general or in
contexts that seem a priori radically different will be the main focus.
Such theories are : the Floer theory itself, the Fukaya-Oh-Ohta-Ono
theory, the Cornea-Lalonde Cluster theory, the Embedded contact
homology, the Symplectic field theory, the cobordisms and rigidity
of Lagrangian submanifolds theory developed by Biran-Cornea etc.
Information:
lalondeteleman.weebly.com/doctoral-school.html.
* 28–October 2 Frontiers of Operator Dynamics, CIRM, Marseille
Luminy, France.
Description: Dynamics of linear operators, often seen as dynamics
of the corresponding discrete or continuous operator semigroup,
is a mature but at the same time steadily evolving field serving as a
common denominator for many other areas of mathematics, such as
for instance ergodic theory, complex analysis, harmonic analysis and
the theory of partial differential equations. It consists in the study
of the long-time behaviour of orbits of certains classes of operators
or semigroups acting on Banach or Fréchet spaces, both from the
topological and from the ergodic point of view. The aim of the meeting is to bring together researchers whose main interests interact
with issues pertaining to the study of qualitative and quantitative
properties of operator orbits (or operator semigroups) as well as
experts in ergodic theory, and to initiate a fruitful interchange of
ideas from complementary areas of expertise.
Information: scientific-events.weebly.com/1125.html.

October 2015
* 3–4 Central Fall Sectional Meeting, Loyola University Chicago Chicago, Illinois.
Information:
www.ams.org/meetings/sectional/sectional.html.
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* 5–9 Digital Humanities: Critical Edition of Diderot and D’Alembert’s
Encyclopedia, CIRM, Marseille Luminy, France.
Description: The ongoing work on a digital critical edition of Diderot
and D’Alembert’s Encyclopedia has given rise to an ambitious international Digital Humanities project, supported by the Académie
des Sciences, called ENCCRE (which stands for `Edition Numérique
Collaborative Critique de l’Encyclopédie’). Involving a team of 50
specialists, it is based on cooperation between researchers from
different countries working in a variety of disciplines; this diversity
of disciplines and critical approaches corresponds to the range of
fields of knowledge found in the Encyclopédie. ENCCRE will provide
a digital tool adapted to the complexity of the Encyclopédie from the
editorial point of view, while at the same time being able to keep up
with changes in methods of reading and research.
Information: scientific-events.weebly.com/1191.html.
* 9–11 Symposium on Biomathematics and Ecology: Education and
Research (BEER-2015), Illinois State University, Normal, Illinois.
Description: We welcome researchers, educators, graduate and undergraduate students, and scientists to join in-depth discussions on
a wide variety of interdisciplinary problems regarding computational
biology, ecology, biomathematics, biostatistics and related fields.
We also enthusiastically welcome educators of these fields to share
their expertise in curriculum development and related challenges.
Information: www.biomath.ilstu.edu/beer.
* 10–11 35th Annual Southeastern-Atlantic Regional Conference on
Differential Equations (SEARCDE 2015), The University of North
Carolina at Greensboro, Greensboro, North Carolina.
Description: The primary objective of this conference is to promote
research and education in the field of differential equations by bringing together established mathematicians, recent PhD recipients, and
graduate students. A wide range of topics, including ordinary and
partial differential equations, dynamical systems, integral and functional equations, numerical methods, inverse problems, differential
geometry, control theory, and applications to biology, finance, engineering and the sciences in general are often represented. Eminent
mathematicians H. T. Banks (North Carolina State University), Pavel
Drabek (University of West Bohemia), Lisa Fauci (Tulane University)
and Peter Polacik (University of Minnesota) are the plenary speakers.
In addition to the plenary talks, participants will have the opportunity to present contributed talks.
Information: www.uncg.edu/mat/searcdeconf/2015/.
* 12–16 Ordered Algebraic Structures and Related Topics, CIRM,
Marseille Luminy, France.
Description: The meeting will mark the 30th anniversary of the Paris
seminar “Structures algébriques ordonnées” and will be organized
around the areas of research that have been central to the seminar
activities, namely: Ordered groups, rings and fields; real algebra;
valuation theory; Model-theoretic methods and algorithmic aspects;
positive polynomials and optimisation; real algebraic and analytic
geometry; o-minimality and quadratic forms; abstract spaces of orders and real semigroups.
Information:
scientific-events.weebly.com/1155.html.
* 17–18 Fall Southeastern Sectional Meeting, University of Memphis,
Memphis, Tennessee.
Information: www.ams.org/meetings/sectional/sectional.html.
* 19–23 Whitney Problems Workshop, CIRM, Marseille Luminy,
France.
of the
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Description: Motivated by boundary value problems for partial dif-

Description: The South East Asian Mathematical Society initiates

ferential equations, classical trace and extension theorems charac-

the SEAMS School of Mathematics as a series of intensive 7-day

terize traces of spaces of generalized smoothness such as Sobolev

workshop. The purpose of this school is to provide opportunities

and Besov to smooth submanifolds of Euclidean space. The subject

for advanced undergraduate and postgraduate students to have an

originated from Hassler Whitney seminal papers of 1934, which

advanced learning experience in mathematics, and to introduce a

deal with the following problem: given a real function on an arbi-

research-based learning. This school will introduce fundamental

trary subset of Euclidean space, determine whether it is extendible

notions of Algebras, Quantum Physics, Cryptography and Statistics.

to a function of a prescribed smoothness on the entire space. The

It is addressed to advanced undergraduate and graduate students

objective of the meeting is to bring together an international group

as well as young researchers from South East Asian countries. It

of experts in the areas of function theory and functional and geo-

will provide them with some of the knowledge necessary to further

metric analysis to report on and discuss recent progress and open

study and research.

problems in the area of Whitney type problems.

Speakers: Prof. Dr. Andreas Enge, Institute of Mathematics, Bor-

Information: scientific-events.weebly.com/1128.html.

deaux, France; Prof. Dr. Michel Planat, FEMTO-ST Institute, France;

* 24–25 Fall Western Sectional Meeting, California State University,
Fullerton, Fullerton, California.
Information: www.ams.org/meetings/sectional/sectional.
html.

* 26–30 Moduli Spaces in Geometry, CIRM, Marseille Luminy, France.
Description: It is a remarkable fact that the moduli stack of Higgs
bundles features prominently in many aspects of the Langlands program. Ngô Bào Châu used the topology of the moduli stack of Higgs
bundles and the Hitchin map to prove the fundamental lemma in the
Langlands program over function fields over finite fields. Drinfeld
and Laumon proposed a geometric version of the Langlands program
which works over arbitrary fields, in particular, over C. It postulates
an equivalence between the derived category of D-modules on the
moduli stack of principal G-bundles and the derived category of Omodules on the stack of local systems for the Langlands dual group
on an algebraic curve. Donagi and Pantev showed that the Hitchin
integrable system for a simple algebraic group is dual to the Hitchin
system for the Langlands dual group. This can be interpreted as a
“classical limit” of the Geometric Langlands Conjecture. The meeting
will discuss recent results related to these spectacular developments.
Information: scientific-events.weebly.com/1139.html.

Prof. Dr. Isamiddin S. Rakhimov, Universiti Putra Malaysia, Malaysia;
Prof. Eva Riccomagno, University of Genova, Italy; Assoc. Prof. Dr.
Hailiza Kamarul Haili, Universiti Sains Malaysia, Malaysia.
Information: einspem.upm.edu.my/seams2015/index.php.
* 5–7 The 14th International Conference on Mathematics and its
Applications-Icma 2015. Workshop on Mathematical Methods in
Quantum Information Theory. Workshop on Dynamical Systems
and their Application, Department of Mathematics, Politehnica University of Timisoara, Romania.
Description: ICMA 2015 is organized by the Department of Mathematics, Politehnica University of Timisoara together with Romanian
Academy–Timisoara Branch. The Conference is devoted to the following fields: Mathematical Analysis and Applications; Algebra and
Geometry, Computer Algebra Systems in Research; Applied Mathematics in Engineering and Economics; Probability and Statistics,
Applications in Health and Clinical Research.
Information: www.mat.upt.ro/Upt-Timisoara_94_ro.html.
* 9–13 Controllability of Partial Differential Equations and Applications, CIRM, Marseille Luminy, France.
Description: In recent years, the theory of control of partial differential equations (PDEs) has tremendously evolved and the field is rapidly growing and includes control of conservation laws, of nonlinear

November 2015

PDEs, of degenerate equations, of equations with delay or memory,

*2–6 Conference in Noncommutative Geometry, CIRM, Marseille

of systems of PDEs etc. Interactions between finite and infinite di-

Luminy, France.

mensions are to be mentioned as well both at the theoretical level

Description: One of the aims of noncommutative geometry is to

and for the discretization of some continuous control problems.

generalize the main tools of geometry to a class of regular enough

The objectives of the conference are to review the recent advances

C*-algebras which can be considered as noncommutative spaces

and the determination of new and promising research directions.

and thus get applications in geometry, analysis, number theory and

Information: scientific-events.weebly.com/1368.html.

quantum mechanic. This query envolves many different tools and

* 14–15 Fall Eastern Sectional Meeting, Rutgers University, New

questions. This conference will make an overview of some of them,

Brunswick, New Jersey.

i.e. Index theorems and applications, Applications of cohomologi-

Information:

cal theories, Baum-Connes conjecture, Group Geometry and Von

www.ams.org/meetings/sectional/sectional.html.

Neumann Algebras, Quantum Groups, sub-factors, Groupoids and
applications.
Information: scientific-events.weebly.com/1206.html.

* 23–27 Algebraic Geometry and Complex Geometry, CIRM, Marseille
Luminy, France.
Description: The aim of this conference is to get together algebraic

* 3–10 SEAMS school: Algebras and Their Applications (Quantum

geometers and complex geometers, around recent topics of interest.

Physics, Cryptography and Statistics), Institute for Mathematical

Mornings are devoted to 5 mini-courses, given by experts of impor-

Research, Universiti Putra, Malaysia.

tant new developments.

May 2015
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Topics: Stability and applications to birational and hyperkaehler

you. Attendees will receive bound proceedings of the presentations.

geometry, K-stability and Khler geometry, Classification of compact

There will also be poster sessions. The conference will be held in the

Khler varieties, Hodge modules applications and Tate’s conjecture

state-of-the-art Havana Tower of the Tropicana Casino Resort with

for K3 surfaces. Afternoons are devoted to more specialized one-

free high speed Internet. Walter Young has chaired this conference

hour talks and will be chosen by the scientific committee 3 months

for 45 consecutive years.

before the conference.

Information: www.demingconference.com.

Information: scientific-events.weebly.com/1393.html.
* 26 4th IMA Conference on Mathematics in Defence, Satellite Ap-

* 7–11 Present Challenges of Mathematics in Oncology and Biology of Cancer, CIRM, Marseille Luminy, France.
Description: This workshop will bring together specialists and young

plications Catapult, Harwell, Oxford, United Kingdom.
Description: Science and technology play an increasingly important
role in equipping and supporting the armed forces. Mathematics is
fundamental to these disciplines, providing a framework for understanding and solving the varied and complex problems faced, and is
used to model military systems and scenarios. These models can be
used to estimate system performance, suggest improvements, or find
weaknesses of real systems. This conference brings together a wide
variety of mathematical methods with defence and security applications. The programme will include keynote speakers, contributed
presentations and poster sessions as well as refreshment breaks for

researchers from different mathematical backgrounds (modeling,
numerical simulations and analysis) and those working in the field
of oncology. It will focus on five issues, all of them concerning ongoing projects in the Marseille’s units. The first one is Microtubules,
migration and cancer; the second Metronomic chemotherapy, the
thirsd is 3-Cancer Stem cells, evolution of phenotype; the fourth is
Biomarkers and finally we have Imaging and cancer. Through these
sessions, we will put in light how mathematical modeling can help
oncologists in terms of prognostic, prediction and therapy scheduling. We want to gather international experts in these five area of
research in order to exchange and intensify the relations between

informal discussions. It is intended for mathematicians, scientists

the mathematical pharmacologists and oncologists communities.

and engineers from industry and academia, as well as government

Information: scientific-events.weebly.com/1412.html.*

and military personnel who have an interest in how mathematics

14–17 Geometric aspects on capillary problems and related top-

can be applied to defence problems.

ics, Granada, Spain.

Information: www.ima.org.uk/conferences/conferences_

Description: The aim of this 4-day conference is to bring together

calendar/4th_mathematics_in_defence.cfm.html.

active researchers on constant mean curvature/minimal surfaces

* 30–December 4 AIM Workshop: Automorphic kernel functions,

and capillarity, or other condition on the boundary of the surface,
and provide a panorama of the field through a variety of talks. The

American Institute of Mathematics, San Jose, California.
Description: This workshop, sponsored by AIM and the NSF, will
focus on the study of automorphic kernel functions as used in various versions of the trace formula.

meeting will cover various topics of the theory of CMC/minimal
surfaces and capillarity, free boundary problems or other condition
on the boundary of the surface. This includes surfaces in different
ambient spaces (Euclidean space, space forms, homogeneous

Information:
aimath.org/workshops/upcoming/automorphkernel.

December 2015

spaces,...) or surfaces with other type of prescribed mean curvature (sessile/pendant drops, translating solitons, rotating drops,...)
Information:

* 3–4 Workshop on Integrable Systems, School of Mathematics and

www.ugr.es/~rcamino/meetingcmc/index.html.

* 14–18 Semiclassical Analysis and Non-self-adjoint Operators,

Statistics University of Sydney NSW, Australia.
Description: This event follows the workshops that we organized

CIRM, Marseille Luminy, France.

previous years, see www.maths.usyd.edu.au/u/integrable/;

Description: The aim of the ANR project NOSEVOL, of which this

wp.maths.usyd.edu.au/igs/workshops/december2014/.

will be the concluding conference, is to study refined spectral,

* 6–11 71st Annual Deming Conference on Applied Statistics, Tropicana, Atlantic City, New Jersey.
Description: The full program as well as a downloadable printed
version will be available at www.demingconference.com by June
1st and online registration will open in August. The purpose of the

microlocal or semi-classical estimates for mainly non-selfadjoint
operators and their applications to dynamical and evolution problems. This involves in particular resolvent type estimates, spectral
and pseudospectral estimates, numerical simulations, Weyllaw type
estimates and resonances results. By evolution problems we mean
scattering, diffusion, dissipation, damping, propagation or return

three-day Deming Conference on Applied Statistics is to provide a

to the equilibrium phenomena, arising in kinetic theory, relativity,

learning experience on recent developments in statistical method-

superconductivity, oceanography and mathematical physics. The

ologies. The 3-day conference is followed by two parallel 2-day short

conference will give an idea of the state of the art and the progress

courses. The conference is composed of twelve three-hour tutori-

in the study of non-selfadjoint operators at the end of the NOSEVOL

als on current applied statistical topics. The books, on which these

project. This will also be an occasion to listen to major actors in

sessions are based, are available for sale at an approximately 40%

connected communities (kinetic theory, dynamical systems, global

discount. While these books are not available by mail, if someone

analysis, statistical physics and mechanics).

from your firm registers, you could ask them to purchase some for

Information: scientific-events.weebly.com/1230.html.
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April 2016

* 11–15 AIM Workshop: High and low forcing, American Institute of

* 4–8 Semester Workshop: Computation in Dynamics, Institute for

Mathematics, San Jose, California.

Computational and Experimental Research in Mathematics (ICERM),

Description: This workshop, sponsored by AIM and the NSF, is de-

Providence, Rhode Island.

voted to new methods of forcing, in infinitary combinatorics, and

Description: This workshop will bring together experts in Dynami-

in connection with axioms about the real line.

cal Systems and experts in the theory of Computability to exchange

Information:

ideas and results, and promote collaborations in view of significant

aimath.org/workshops/upcoming/highlowforcing.

February 2016

developments in the field over the next few years. The workshop will
include four main streams of research: Approximation of Dynami-

* 1–6 ICERM Semester Program on “Dimension and Dynamics”, In-

cal Quantities Regular and Stochastic Properties Renormalization

stitute for Computational and Experimental Research in Mathemat-

Computability in Dynamics.

ics (ICERM), Providence, Rhode Island.

Information: icerm.brown.edu/programs/sp-s16/w3/.

Description: During the semester we will focus on three specific aspects of the interaction between these two areas: (i) Ergodic, algebraic

The following new announcements will not be repeated until

and combinatorial methods in dimension theory (ii) Computations

the criteria in the next to the last paragraph at the bottom

in fractal geometry in dynamical systems; and (iii) Fractal geometry

of the first page of this section are met.

and hyperbolic dynamics.

July 2016

Information: icerm.brown.edu/programs/sp-s16/.

* 1–5 The 11th AIMS Conference on Dynamical Systems, Differen-

* 15–19 Ergodic, Algebraic and Combinatorial Methods in Dimension Theory, Institute for Computational and Experimental Research
in Mathematics (ICERM), Providence, Rhode Island.Description:
There are natural interactions between dimension theory, ergodic
theory, additive combinatorics, metric number theory and analysis.
Each of these fields provides different perspectives on, and complementary approaches to, the hierarchical structures which appear in
fractal geometry. The workshop will focus on recent advances at the

tial Equations and Applications, Hyatt Regency, Orlando, Florida.
Description: Featuring the celebration of Peter Lax’s 90th birthday.
Dedicated is a special journal (DCDS) issue, edited by Alexandre Chorin and Andrew Majda. Proposals of special sessions are welcome.
Plenary Speakers: Suncica Canic (USA), Alessio Figalli (USA), Irene
Fonseca (USA), Martin Hairer(UK), Anatole Katok (USA), Manuel de
Leon (Spain), Wei-Ming Ni (USA), Stan Osher (USA), Hal Smith (USA),

interfaces of these fields, including: Classical fractals (self-similar

Gang Tian (China).

and self-affine sets, random fractals). Dimension theory and addi-

Scientific Committee: Shouchuan Hu (Chair: general@aim-

tive combinatorics. Diophantine approximation and equidistribu-

sciences.org), John Ball, Jerry Bona, William Bray, Alberto Bres-

tion. Schmidt games. Rigidity phenomena. Scenery flow methods.

san, Gunduz Caginalp, Danielle Hilhorst, Peter Lax, Alain Miranville,

Projection and slice theorems.

Roger Temam, Enrico Valdinoci, Marcelo Viana.

Information: icerm.brown.edu/programs/sp-s16/w1/.
* 29–March 4 AIM Workshop: Hereditary discrepancy and factoriza-

Organizing Committee: Xin Lu (chair: lux@uncw.edu), Yaw Chang,
Wei Feng, Michael Freeze, Beth Casper (Administrative Assistant).

tion norms, American Institute of Mathematics, San Jose, California.

Information: aimsciences.org.

Description: This workshop, sponsored by AIM and the NSF, will be

August 2016

devoted to the application of methods from functional analysis and
asymptotic convex geometry to combinatorial discrepancy theory.

* 8–11 SIAM Conference on Nonlinear Waves and Coherent Structures (NW16), Sheraton Philadelphia Society Hill Hotel, Philadelphia,

Information:

Pennsylvania.

aimath.org/workshops/upcoming/hereddiscrep.

Description: Information on NW16 will be available at www.siam.

March 2016

org/meetings/nw16/ in October of 2015.

* 28–April 1 AIM Workshop: Sheaves and modular representations
of reductive groups, American Institute of Mathematics, San Jose,
California.
Description: This workshop, sponsored by AIM and the NSF, will

Information: www.siam.org/meetings/nw16.

November 2016
* 7–11 Homological mirror symmetry: methods and structures,

be devoted to recent developments in the representation theory of

Institute for Advanced Study, Princeton, New Jersey.

algebraic groups in positive characteristic.

Description: This workshop is part of the 2016/17 IAS program on

Information:

Homological Mirror Symmetry.

aimath.org/workshops/upcoming/sheavemodular.

Information: www.math.ias.edu/sp/mirrorsymmetry.
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the Trjitzinsky Memorial Awards

Honor mathematical heritage
Assist scholars for the future

Waldemar J. Trjitzinsky
Professor at UIUC (1934–1969)

“With this scholarship, my constant worrying
over money will be alleviated, and I can focus
solely on my studies.”
Shalaine L. Buck, 2013 Waldemar J. Trjitzinsky
Memorial Award Recipient, University of New Mexico

Support undergraduate mathematics majors by designating
your gift to the Waldemar J. Trjitzinsky Memorial Awards
Endowment Fund. Learn more at www.ams.org/support

Thank you

AMS Development Office: 401-455-4111 and development@ams.org

New Publications
Offered by the AMS
To subscribe to email notification of new AMS publications,
please go to www.ams.org/bookstore-email.

Algebra and Algebraic Geometry

Analysis

Linear Algebra and
Matrices

Infinite Products of
Operators and Their
Applications

Topics for a Second Course

Simeon Reich and Alexander J.
Zaslavski, Technion Israel Institute
of Technology, Haifa, Israel, Editors

Helene Shapiro, Swarthmore
College, PA
Linear algebra and matrix theory are
fundamental tools for almost every area of
mathematics, both pure and applied. This
book combines coverage of core topics with
an introduction to some areas in which linear algebra plays a key
role, for example, block designs, directed graphs, error correcting
codes, and linear dynamical systems. Notable features include a
discussion of the Weyr characteristic and Weyr canonical forms, and
their relationship to the better-known Jordan canonical form; the use
of block cyclic matrices and directed graphs to prove Frobenius’s
theorem on the structure of the eigenvalues of a nonnegative,
irreducible matrix; and the inclusion of such combinatorial topics
as BIBDs, Hadamard matrices, and strongly regular graphs. Also
included are McCoy’s theorem about matrices with property P, the
Bruck–Ryser–Chowla theorem on the existence of block designs, and
an introduction to Markov chains. This book is intended for those who
are familiar with the linear algebra covered in a typical first course and
are interested in learning more advanced results.
This item will also be of interest to those working in discrete
mathematics and combinatorics.
Contents: Preliminaries; Inner product spaces and orthogonality;
Eigenvalues, eigenvectors, diagonalization, and triangularization; The
Jordan and Weyr canonical forms; Unitary similarity and normal
matrices; Hermitian matrices; Vector and matrix norms; Some matrix
factorizations; Field of values; Simultaneous triangularization;
Circulant and block cycle matrices; Matrices of zeros and ones;
Block designs; Hadamard matrices; Graphs; Directed graphs;
Nonnegative matrices; Error correcting codes; Linear dynamical
systems; Bibliography; Index.
Pure and Applied Undergraduate Texts, Volume 24
July 2015, approximately 318 pages, Hardcover, ISBN: 978-1-47041852-6, LC 2014047088, 2010 Mathematics Subject Classification:
15-01, 05-01, AMS members US$53.60, List US$67, Order code
AMSTEXT/24

May 2015

This volume contains the proceedings
of the workshop on Infinite Products of
Operators and Their Applications, held
from May 21–24, 2012, at the Technion-Israel Institute of Technology,
Haifa, Israel.
The papers cover many different topics regarding infinite products
of operators and their applications: projection methods for
solving feasibility and best approximation problems, arbitrarily
slow convergence of sequences of linear operators, monotone
operators, proximal point algorithms for finding zeros of maximal
monotone operators in the presence of computational errors, the
Pascoletti-Serafini problem, remetrization for infinite families
of mappings, Poisson’s equation for mean ergodic operators,
vector-valued metrics in fixed point theory, contractivity of
infinite products and mean convergence theorems for generalized
nonspreading mappings.
This book is co-published with Bar-Ilan University (Ramat-Gan, Israel).
Contents: H. H. Bauschke and V. R. Koch, Projection methods: Swiss
army knives for solving feasibility and best approximation problems
with halfspaces; A. Ben-Israel, Projectors on intersections of
subspaces; J. M. Borwein and L. Yao, Recent progress on monotone
operator theory; R. Davidi, Y. Censor, R. W. Schulte, S. Geneser, and
L. Xing, Feasibility-seeking and superiorization algorithms applied to
inverse treatment planning in radiation therapy; F. Deutsch and
H. Hundal, Arbitrarily slow convergence of sequences of linear
operators; A. Gibali, K.-H. Küfer, and P. Süss, Reformulating the
Pascoletti-Serafini problem as a bi-level optimization problem;
J. Jachymski, Remetrization theorems for finite families of mappings
and hyperbolic iterated function systems; M. Lin and L. Suciu,
Poisson’s equation for mean ergodic operators; A. Petruşel,
C. Urs, and O. Mleşniţe, Vector-valued metrics in fixed point
theory; R. A. Polyak, Projected gradient method for non-negative
least square; R. A. Polyak, Nonlinear equilibrium for resource
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allocation problems; E. Pustylnik and S. Reich, Infinite products of
discontinuous operators; S. Reich and A. J. Zaslavski, Contractivity,
porosity and infinite products; B. Schultze, M. Witt, Y. Censor,
R. Schulte, and K. E. Schubert, Performance of hull-detection
algorithms for proton computed tomography reconstruction;
W. Takahashi, N.-C. Wong, and J.-C. Yao, Attractive point and mean
convergence theorems for new generalized nonspreading mappings
in Banach spaces; A. J. Zaslavski, Proximal point algorithms for
finding zeros of maximal monotone operators in the presence of
computational errors.

instability of plane wave soliton solutions of the Novikov-Veselov
equation; G. D. Lyng, Semiclassical soliton ensembles for the
focusing nonlinear Schrödinger equation: Recent developments;
J. Wilkening, Relative-periodic elastic collisions of water waves;
K. Oliveras and B. Deconinck, The instabilities of periodic traveling
water waves with respect to transverse perturbations; K. Oliveras
and V. Vasan, Relationships between the pressure and the free
surface independent of the wave speed; J. Wilkening and V. Vasan,
Comparison of five methods of computing the Dirichlet-Neumann
operator for the water wave problem.

Contemporary Mathematics, Volume 636

Contemporary Mathematics, Volume 635

April 2015, 266 pages, Softcover, ISBN: 978-1-4704-1480-1, LC
2014033569, 2010 Mathematics Subject Classification: 15-XX, 40-XX,
41-XX, 46-XX, 47-XX, 49-XX, 54-XX, 58-XX, 62-XX, 65-XX, 90-XX, AMS
members US$84, List US$105, Order code CONM/636

April 2015, 210 pages, Softcover, ISBN: 978-1-4704-1050-6, LC
2014033711, 2010 Mathematics Subject Classification: 35P25, 47A40,
35Q51, 35Q53, 35Q55, 35Q35, 37K40, 37K15, 65M70, 65M85, AMS
members US$84, List US$105, Order code CONM/635

Lectures on the Energy
Critical Nonlinear Wave
Equation

Differential Equations
Nonlinear Wave
Equations

Carlos E. Kenig, University of
Chicago, IL

Analytic and Computational
Techniques
Christopher W. Curtis, San Diego
State University, CA, Anton
Dzhamay, University of Northern
Colorado, Greeley, CO, Willy A.
Hereman, Colorado School of
Mines, Golden, CO, and Barbara
Prinari, University of Colorado,
Colorado Springs, CO, Editors
This volume contains the proceedings of the AMS Special Session on
Nonlinear Waves and Integrable Systems, held on April 13–14, 2013,
at the University of Colorado, Boulder, Colorado.
The field of nonlinear waves is an exciting area of modern
mathematical research that also plays a major role in many
application areas from physics and fluids. The articles in this volume
present a diverse cross section of topics from this field including
work on the Inverse Scattering Transform, scattering theory, inverse
problems, numerical methods for dispersive wave equations, and
analytic and computational methods for free boundary problems.
Significant attention to applications is also given throughout the
articles with an extensive presentation on new results in the free
surface problem in fluids.
This volume will be useful to students and researchers interested in
learning current techniques in studying nonlinear dispersive systems
from both the integrable systems and computational points of view.
This item will also be of interest to those working in applications.
Contents: B. Herbst, G. Nieddu, and A. D. Trubatch, Recurrence in
the Korteweg-de Vries equation?; F. Demontis, C. van der Mee, and
F.Vitale, On the location of the discrete eigenvalues for defocusing
Zakharov-Shabat systems having potentials with nonvanishing
boundary conditions; R. Croke, J. L. Mueller, M. Music, P. Perry,
S. Siltanen, and A. Stahel, The Novikov-Veselov equation: Theory
and computation; R. Croke, J. L. Mueller, and A. Stahel, Transverse
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This monograph deals with recent advances
in the study of the long-time asymptotics
of large solutions to critical nonlinear
dispersive equations. The first part of the
monograph describes, in the context of the energy critical wave
equation, the “concentration-compactness/rigidity theorem method”
introduced by C. Kenig and F. Merle. This approach has become
the canonical method for the study of the “global regularity and
well-posedness” conjecture (defocusing case) and the “ground-state”
conjecture (focusing case) in critical dispersive problems.
The second part of the monograph describes the “channel of energy”
method, introduced by T. Duyckaerts, C. Kenig, and F. Merle, to study
soliton resolution for nonlinear wave equations. This culminates in a
presentation of the proof of the soliton resolution conjecture, for the
three-dimensional radial focusing energy critical wave equation.
It is the intent that the results described in this book will be a model
for what to strive for in the study of other nonlinear dispersive
equations.
Contents: The local theory of the Cauchy problem; The “road map”:
The concentration compactness/rigidity theorem method for critical
problems I; The “road map”: The concentration compactness/rigidity
theorem method for critical problems II; Properties of compact
solutions and some more rigidity theorems, with applications to an
extension of Theorem 2.6; Proof of the rigidity theorems; Type II
blow-up solutions; Channels of energy and outer energy lower bounds;
Universal type II blow-up profiles; Soliton resolution for radial
solutions to (NLW), I; Soliton resolution for radial solutions to (NLW),
II; Soliton resolution for radial solutions to (NLW), III; Bibliography.
CBMS Regional Conference Series in Mathematics, Number 122
May 2015, 161 pages, Softcover, ISBN: 978-1-4704-2014-7, LC
2015000062, 2010 Mathematics Subject Classification: 35L71; 35Q99,
AMS members US$39.20, List US$49, Order code CBMS/122
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General Interest

drifter of Dadaist persuasion; J. Nešetřil and M. Petříček, Inside out,
outside in (mathematics on a single snapshot); B. Szegedy, Salsa
and mathematics; B. Szegedy, Thoughts on art and mathematics;
A. K. Szemerédi, Interview with Klaus Roth; C. Villani, Mathematics
and art; V. Voevodsky, Into the woods.

Art in the Life of
Mathematicians
Anna Kepes Szemerédi, ELTE,
Budapest, Hungary, Editor
I have always admired the abstraction
ability of composers. The ingenious
construction of beautiful patterns that
can evoke such powerful emotions
seems nothing short of magical. While
mathematicians too construct beautiful
patterns, I fear that few outside the math community appreciate
that beauty or find any magic in it. I hope that this wonderful
collection of articles, written by mathematicians who are themselves
artists, will help better explain the many varied connections between
mathematics and the arts, and illuminate better the beauty and
magic in math.
—Avi Wigderson, Institute for Advanced Study, Princeton
Much has been written about the close relationship of mathematics
and music. It is a rather one-sided affair because mathematicians
are usually very musical while musicians—including myself—are
considerably less knowledgeable on matters of science. However we
are all eager to learn from each other and the present volume is a
most valuable contribution to this interesting dialogue.
—Sir Andras Schiff, pianist and conductor
Creativity, Originality and Imagination are three common features of
mathematicians and artists. This inspiring book contains much more
about the similarities between art and mathematics, as described by
outstanding mathematicians with a wide range of artistic interests.
—Noga Alon, Tel Aviv University
Mathematics and art are intertwined on so many levels… It is exciting
to see such a broad treatment of this important theme.
—Charles Simonyi, Chairman of the Board, Institute for Advanced
Study, Princeton
Why are mathematicians drawn to art? How do they perceive it? What
motivates them to pursue excellence in music or painting? Do they
view their art as a conveyance for their mathematics or an escape
from it? What are the similarities between mathematical talent and
creativity and their artistic equivalents? What are the differences? Can
a theatrical play or a visual image capture the beauty and excitement
of mathematics? Some of the world’s top mathematicians are also
accomplished artists: musicians, photographers, painters, dancers,
writers, filmmakers. In this volume, they share some of their work and
reflect on the roles that mathematics and art have played in their lives.
They write about creativity, communication, making connections,
negotiating successes and failures, and navigating the vastly different
professional worlds of art and mathematics.
Contents: A. Naor and A. Perl, Introduction; M. Atiyah, The art of
mathematics; B. Bollobás, Opera and music–A mathematician’s
view; E. Bombieri and S. J. Nelson, The fragility of beauty in
mathematics and in art; E. Frenkel, Mathematics, love, and tattoos;
W. T. Gowers, Music–A life not chosen; A. Granville, J. Granville,
and M. Spencer, Writing and performing mathematics as metaphor;
I. Laba, Photography; P. Lax, Painting and mathematics; Y. I. Manin,
Mathematics, art, civilization; Y. I. Manin, De Novo artistic activity,
origins of logograms, and mathematical intuition; M. Marcolli, A

May 2015

June 2015, approximately 259 pages, Softcover, ISBN: 978-14704-1956-1, 2010 Mathematics Subject Classification: 00A99, AMS
members US$39.20, List US$49, Order code MBK/91

Really Big Numbers
and You Can Count on
Monsters (2-Volume Set)
Richard Schwartz, Brown
University, Providence, RI
In Really Big Numbers, mathematician and
author, Richard Evan Schwartz, leads math
lovers of all ages on an innovative and
strikingly illustrated journey through the
infinite number system. By means of engaging, imaginative visuals
and endearing narration, Schwartz manages the monumental task of
presenting the complex concept of Big Numbers in fresh and relatable
ways. The book begins with small, easily observable numbers before
building up to truly gigantic ones, like a nonillion, a tredecillion, a
googol, and even ones too huge for names!
Readers will find themselves returning to its pages for a very long
time, perpetually learning from and growing with the narrative
as their knowledge deepens. Really Big Numbers is a wonderful
enrichment for any math education program and is enthusiastically
recommended to every teacher, parent and grandparent, student,
child, or other individual interested in exploring the vast universe of
numbers.
You Can Count on Monsters: The First 100 Numbers and Their
Characters is a unique teaching tool that takes math lovers on a
journey designed to motivate kids (and kids at heart) to learn the fun
of factoring and prime numbers. This volume visually explores the
concepts of factoring and the role of prime and composite numbers.
The playful and colorful monsters are designed to give children (and
even older audiences) an intuitive understanding of the building
blocks of numbers and the basics of multiplication. The introduction
and appendices can also help adult readers answer questions about
factoring from their young audience. The artwork is crisp and creative
and the colors are bright and engaging, making this volume a welcome
deviation from standard math texts.
Readers will find themselves returning to its pages for a very long time,
continually learning from and getting to know the monsters as their
knowledge expands. You Can Count on Monsters is a magnificent
addition for any math education program and is enthusiastically
recommended to every teacher, parent and grandparent, student,
child, or other individual interested in exploring the visually
fascinating world of the numbers 1 through 100.
Any person, regardless of age, can profit from reading these books.
March 2015, Softcover, ISBN: 978-1-4704-2294-3, LC 2013404369,
2010 Mathematics Subject Classification: 00-XX, AMS members
US$32, List US$40, Order code MBK/84/90
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You Can Count on
Monsters
The First 100 Numbers and
Their Characters
Richard Evan Schwartz, Brown
University, Providence, RI
This book is a unique teaching tool that takes math lovers on a journey
designed to motivate kids (and kids at heart) to learn the fun of
factoring and prime numbers. This volume visually explores the
concepts of factoring and the role of prime and composite numbers.
The playful and colorful monsters are designed to give children (and
even older audiences) an intuitive understanding of the building
blocks of numbers and the basics of multiplication. The introduction
and appendices can also help adult readers answer questions about
factoring from their young audience. The artwork is crisp and creative
and the colors are bright and engaging, making this volume a welcome
deviation from standard math texts.
Any person, regardless of age, can profit from reading this book.
Readers will find themselves returning to its pages for a very long time,
continually learning from and getting to know the monsters as their
knowledge expands. You Can Count on Monsters is a magnificent
addition for any math education program and is enthusiastically
recommended to every teacher, parent and grandparent, student,
child, or other individual interested in exploring the visually
fascinating world of the numbers 1 through 100.
March 2015, approximately 242 pages, Softcover, ISBN: 978-1-47042209-7, LC 2014049141, 2010 Mathematics Subject Classification:
00-XX, AMS members US$20, List US$25, Order code MBK/90

New AMS-Distributed
Publications
Algebra and Algebraic Geometry
Alexandre Grothendieck
A Mathematical Portrait
Leila Schneps, Université Pierre et
Marie Curie, Paris, France, Editor

The book under review is irresistible to anyone who has even a mild
interest in and acquaintance with algebraic geometry … and who is
fascinated by Grothendieck’s remarkable life, including a trajectory
from a fatherless childhood as a refugee from the Nazis sheltered in
southern France, to early adulthood as an outsider who nonetheless
absorbed mathematics through his pores, to a stellar career as one
of the unquestioned grand masters of algebraic geometry, doing
things in magical and radical ways in a style all his own, and
then to the mystery that he now poses. The authors represented in
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this "Mathematical Portrait" are uniquely positioned to comment
not only on Grothendieck’s mathematics but on the man himself,
his personality, his influence (and his influence on them), and his
uniqueness. Yes indeed, I think the book is altogether irresistible.
— Michael Berg, MAA Reviews
… a fascinating (if technical) collection of essays about the man who
wholly remade mathematics in the middle of the 20th century …
— Jordan Ellenberg, The Wall Street Journal
The remarkable life of Grothendieck has shaped not only the work
but also the lives of the authors in this book and many more. What
the readers will find in this fascinating collection of articles is not
only valuable overviews of aspects of Grothendieck’s work but vivid
glimpses of what it was like to be drawn into Grothendieck’s orbit.
— Jeremy Gray, Metascience, November 2014, Springer
Mathematics students and researchers often react to Alexandre
Grothendieck’s legendary fame in the world of mathematics by
asking just what the man did to earn so brilliant a reputation. But as
legitimate as it is, the question is difficult to answer, because of the
particularly abstruse nature of his mathematics and the wealth of
notions he introduced, some of which have become so natural and so
familiar to mathematicians that it is easy to forget that there was ever
an actual individual who first brought them out into the light, whereas
others are so abstract that even experts may take years to grasp them.
It is not merely a matter of stating some powerful, striking result
that he proved, although there are many of these. But more deeply,
Grothendieck’s work is based on a whole system of recasting old ideas
in new ways, and it transformed the entire area of algebraic geometry
essentially beyond recognition.
This book attempts to provide a reasonable explanation of what
made Grothendieck the mathematician that he was. Thirteen articles
written by people who knew him personally—some who even studied
or collaborated with him over a period of many years—portray
Grothendieck at work, explaining the nature of his thought through
descriptions of his discoveries and contributions to various subjects,
and with impressions, memories, anecdotes, and some biographical
elements. Seeing him through the eyes of those who knew him well,
the reader will come away with a better understanding of what made
Grothendieck unique.
This item will also be of interest to those working in general interest.
A publication of International Press of Boston, Inc. Distributed
worldwide by the American Mathematical Society.
Contents: J. Diestel, Grothendieck and Banach space theory;
M. Karoubi, L’influence d’Alexandre Grothendieck en K-théorie;
M. Raynaud, Grothendieck et la théorie des schémas; S. L. Kleiman,
The Picard scheme; D. Mumford, My introduction to schemes and
functors; C. T. Simpson, Descent; J. P. Murre, On Grothendieck’s
work on the fundamental group; R. Hartshorne, An apprenticeship;
L. Illusie, Grothendieck et la cohomologie étale; L. Schneps, The
Grothendieck-Serre correspondence; F. Oort, Did earlier thoughts
inspire Grothendieck?; P. Cartier, A country of which nothing is
known but the name: Grothendieck and “motives”; Y. I. Manin,
Forgotten motives: The varieties of scientific experience.
International Press of Boston, Inc.
June 2014, 324 pages, Hardcover, ISBN: 978-1-57146-282-4, 2010
Mathematics Subject Classification: 14C22, 14C40, 14F20, 14F42;
01A60, 01A70, 13D15, 14C15, 14K30, 14-XX, 19-XX, 46Bxx, 55N30,
55-XX, AMS members US$68, List US$85, Order code INPR/97
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Analysis

Fractional Sobolev
Inequalities:
Symmetrization,
Isoperimetry and
Interpolation

Spectral Theory in
Riemannian Geometry
Olivier Lablée, Université
Joseph Fourier Grenoble 1, Saint
Martin-d’Hères, France
Spectral theory is a diverse area of
mathematics that derives its motivations,
goals, and impetus from several sources.
In particular, the spectral theory of the
Laplacian on a compact Riemannian
manifold is a central object in differential geometry.
From a physical point a view, the Laplacian on a compact Riemannian
manifold is a fundamental linear operator which describes numerous
propagation phenomena: heat propagation, wave propagation,
quantum dynamics, etc. Moreover, the spectrum of the Laplacian
contains vast information about the geometry of the manifold.
This book gives a self-contained introduction to spectral geometry on
compact Riemannian manifolds. Starting with an overview of spectral
theory on Hilbert spaces, the book proceeds to a description of the
basic notions in Riemannian geometry. Then its makes its way to
topics of main interests in spectral geometry. The topics presented
include direct and inverse problems. Direct problems are concerned
with computing or finding properties on the eigenvalues while the
main issue in inverse problems is "knowing the spectrum of the
Laplacian, can we determine the geometry of the manifold?"
Addressed to students or young researchers, the present book is a
first introduction to spectral theory applied to geometry. For readers
interested in pursuing the subject further, this book will provide a
basis for understanding principles, concepts, and developments of
spectral geometry.
A publication of the European Mathematical Society (EMS). Distributed
within the Americas by the American Mathematical Society.
Contents: Introduction to spectral geometry; Detailed introduction to
abstract spectral theory; The Laplacian on a compact Riemannian
manifold; Spectrum of the Laplacian on a compact manifold; Direct
problems in spectral geometry; Intermezzo: “Can one hear the holes
of a drum?”; Inverse problems in spectral geometry; Bibliography;
Index.

Joaquim Martín, Universitat
Autonoma de Barcelona, Spain,
and Mario Milman, Florida Atlantic
University, Boca Raton, Florida
The authors obtain new oscillation inequalities in metric spaces
in terms of the Peetre K-functional and the isoperimetric profile.
Applications provided include a detailed study of fractional Sobolev
inequalities and the Morrey–Sobolev embedding theorems in different
contexts. In particular, the authors include a detailed study of
Gaussian measures as well as probability measures between Gaussian
and exponential. They show a kind of reverse Pólya–Szegö principle
that allows them to obtain continuity as a self-improvement from
boundedness, using symmetrization inequalities.
The authors’ methods also allow for precise estimates of growth
envelopes of generalized Sobolev and Besov spaces on metric spaces.
The authors also consider embeddings into BMO and their connection
to Sobolev embeddings.
A publication of the Société Mathématique de France, Marseilles (SMF),
distributed by the AMS in the U.S., Canada, and Mexico. Orders from
other countries should be sent to the SMF. Members of the SMF receive
a 30% discount from list.
Contents: Introduction; Preliminaries; Oscillation, K-functionals and
isoperimetry; Embedding into continuous functions; Examples and
applications; Fractional Sobolev inequalities in Gaussian measures;
On limiting Sobolev embeddings and BMO; Estimation of growth
“envelopes”; Lorentz spaces with negative indices; Connection with
the work of Garsia and his collaborators; Appendix A. Some remarks
on the calculation of K-functionals; Bibliography.
Astérisque, Number 366
December 2014, 136 pages, Softcover, ISBN: 978-2-85629-796-4, 2010
Mathematics Subject Classification: 46E30, 26D10, AMS members
US$41.60, List US$52, Order code AST/366

Geometry and Topology

EMS Textbooks in Mathematics, Volume 17
February 2015, 197 pages, Hardcover, ISBN: 978-3-03719-151-4, 2010
Mathematics Subject Classification: 58J35, 58J37, 58J50, 58J53, 35P05,
35P15, 35P20, 47A05, 47A10, 47A12, 47A60, 47A75, 49R05, 53C21,
AMS members US$38.40, List US$48, Order code EMSTEXT/17

Local Collapsing,
Orbifolds, and
Geometrization
Bruce Kleiner, Courant Institute of
Mathematical Sciences, New York,
NY, and John Lott, University of
California at Berkeley
This volume has two papers which can be
read separately. The first paper concerns
local collapsing in Riemannian geometry. The authors prove that a
three-dimensional compact Riemannian manifold which is locally
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Become an
AMS Life Member
Today
“My AMS membership has been a passport to
the broad world of mathematics, particularly
through Society-sponsored meetings and
publications. I still remember well my first
professional presentation as a graduate student,
at an AMS Sectional Meeting, and the thrill it
brought through the realization that this really
was a community in which I could survive and
thrive. As a Native American, I have also deeply
appreciated the AMS’s support for broadening
participation in the mathematical sciences… I believe that my AMS life
membership has been a terrific investment whose professional dividends have
paid for itself many times over.” – Robert Megginson

New AMS-Distributed Publications
collapsed, with respect to a lower curvature bound, is a graph
manifold. This theorem was stated by Perelman without proof and
was used in his proof of the geometrization conjecture.
The second paper is about the geometrization of orbifolds. A
three-dimensional closed orientable orbifold, which has no bad
suborbifolds, is known to have a geometric decomposition. This
is known from the work of Perelman in the manifold case, along
with earlier work of Boileau–Leeb–Porti, Boileau–Maillot–Porti,
Boileau–Porti, Cooper–Hodgson–Kerckhoff and Thurston. The
authors give a new, logically independent, unified proof of the
geometrization of orbifolds, using Ricci flow.
A publication of the Société Mathématique de France, Marseilles (SMF),
distributed by the AMS in the U.S., Canada, and Mexico. Orders from
other countries should be sent to the SMF. Members of the SMF receive
a 30% discount from list.
Contents: Locally collapsed 3-manifolds; Geometrization of
three-dimensional orbifolds via Ricci flow; References.
Astérisque, Number 365
December 2014, 177 pages, Softcover, ISBN: 978-2-85629-795-7, 2010
Mathematics Subject Classification: 53C20, 53C21, 53C23, 53C44,
57M50, AMS members US$53.60, List US$67, Order code AST/365

Math Education

“My favorite part of being a Life Member of
the AMS is reading the Notices each month. I
feel it keeps me connected to the mathematics
community.” – Catherine A. Roberts

109 Inequalities from
the AwesomeMath
Summer Program

“I cannot imagine my professional
life without the AMS; that’s why I
became a Life Member almost ten
years ago. From regional meetings,
research institutes, important books
and periodicals and MathSciNet® to
advocacy for mathematical research
and education, the American
Mathematical Society has given me a
constant connection to all aspects of
the mathematical enterprise.” – Susan Jane Colley

“My experiences with the AMS
were always pleasant,
informative, and, always with the
best mathematical presentation…
I have nothing but pleasant
memories about them.”
– V. S. Varadarajan

Titu Andreescu, University of
Texas at Dallas, Richardson,
TX, and Adithya Ganesh,
Massachusetts Institute of
Technology, Cambridge, MA
This book explores the theory and
techniques involved in proving algebraic inequalities. To expand the
reader’s mathematical toolkit, the authors present problems from
journals and contests from around the world.
Inequalities are an essential topic in Olympiad problem solving, and
109 Inequalities will serve as an instructive resource for students
striving for success at national and international competitions.
Inequalities are also of great theoretical interest and pave the way
towards advanced topics such as analysis, probability theory, and
measure theory. Most of all, the authors hope that the reader finds
inspiration in both the struggle and beauty of proving algebraic
inequalities.
This item will also be of interest to those working in general interest.

Visit www.ams.org/membership for
Life Membership rates..
For further assistance, contact the
AMS Sales & Member Services Department
at 800-321-4267 (U.S. & Canada),
401-455-4000 (Worldwide)
or email amsmem@ams.org

A publication of XYZ Press. Distributed in North America by the
American Mathematical Society.
Contents: An introduction; The arithmetic-geometric mean
inequality; The Cauchy–Schwarz inequality; Hölder’s inequality
for sums; Nesbitt’s inequality; The rearrangement and Chebyshev
inequalities; Introductory problems; Advanced problems; Solutions to
introductory problems; Solutions to advanced problems.
XYZ Series, Volume 16
February 2015, 203 pages, Hardcover, ISBN: 978-0-9885622-8-8,
2010 Mathematics Subject Classification: 00A07, 97D50, 97U40, AMS
members US$47.96, List US$59.95, Order code XYZ/16
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American Mathematical Society

Search for an Executive Director
for the American Mathematical Society
Position
The Trustees of the American Mathematical Society seek candidates for the position of Executive Director of the Society to
replace Dr. Donald McClure, who plans to retire in the summer of 2016. This position offers the appropriate candidate the
opportunity to have a strong positive influence on all activities of the Society, as well as the responsibility of overseeing a large,
complex, and diverse spectrum of people, publications, and budgets. The desired starting date is July 1, 2016.
Duties and terms of appointment
The American Mathematical Society, with headquarters in Providence, RI, is the oldest scientific organization of mathematicians
in the U.S. The Society’s activities are mainly directed toward the promotion and dissemination of mathematical research and
scholarship, broadly defined; the improvement of mathematical education at all levels; increasing the appreciation and awareness
by the general public of the role of mathematics in our society; and advancing the professional status of mathematicians. These
aims are pursued mainly through an active program of publications, meetings, and conferences. The Society is a major publisher
of mathematical books and journals, including MathSciNet, an organizer of numerous meetings and conferences each year, and a
leading provider of electronic information in the mathematical sciences. The Society maintains a Washington office for purposes
of advocacy and to improve interaction with federal agencies.
The Executive Director is the principal executive officer of the Society and is responsible for the execution and administration
of the policies of the Society as approved by the Board of Trustees and by the Council. The Executive Director is a full-time
employee of the Society appointed by the Trustees and is responsible for the operation of the Society’s offices in Providence and
Pawtucket, RI; Ann Arbor, MI; and Washington, DC. The Executive Director is an ex-officio member of the policy committees
of the Society and is often called upon to represent the Society in its dealings with other scientific and scholarly bodies.
The Society employs a staff of about 200 in the four offices. The directors of the various divisions report directly to the Executive
Director. A major part of the Society’s budget is related to publications. Almost all operations (including the printing) of the
publications program are done in-house. Information about the operations and finances of the Society can be found in its Annual
Reports, available at www.ams.org/annual-reports.
The Executive Director serves at the pleasure of the Trustees. The terms of appointment, salary, and benefits will be consistent
with the nature and responsibilities of the position and will be determined by mutual agreement between the Trustees and the
prospective appointee.
Qualifications
Candidates for the office of Executive Director should have a Ph.D. (or equivalent) in mathematics, published research beyond
the Ph.D., and significant administrative experience. The position calls for interaction with the staff, membership, and patrons
of the Society as well as leaders of other scientific societies and publishing houses; thus leadership, communication skills, and
diplomacy are prime requisites.
Applications
A search committee chaired by Robert Bryant (bryant@math.duke.edu) and Ruth Charney (charney@brandeis.edu) has been
formed to seek and review applications. All communication with the committee will be held in confidence. Suggestions of suitable
candidates are most welcome. Applicants can submit a CV and letter of interest to:
Executive Director Search Committee
c/o Carla D. Savage
Secretary, American Mathematical Society
Department of Computer Science
North Carolina State University
Raleigh, NC 27695-8206
ed-search@ams.org
The American Mathematical Society is an Affirmative Action/Equal Opportunity Employer.

Meetings & Conferences
Meetings
Conferences
of the AMS
AMS
IMPORTANT INFORMATION REGARDING MEETINGS PROGRAMS: AMS Sectional Meeting programs do not appear
in the print version of the Notices. However, comprehensive and continually updated meeting and program information
with links to the abstract for each talk can be found on the AMS website. See www.ams.org/meetings/. Final programs
for Sectional Meetings will be archived on the AMS website accessible from the stated URL and in an electronic issue of
the Notices as noted below for each meeting.

Las Vegas, Nevada

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

University of Nevada, Las Vegas
April 18–19, 2015
Saturday – Sunday

Meeting #1110
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: February 2015
Program first available on AMS website: March 5, 2015
Issue of Abstracts: Volume 36, Issue 2

Deadlines
For organizers: Expired
For abstracts: Expired
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Joel Hass, University of California Davis, Optimal diffeomorphisms of surfaces and some applications.
Ko Honda, UCLA, An invitation to Floer homology.
Brendon Rhoades, University of California, San Diego,
Evaluating q-analogs in algebra and combinatorics.
Bianca Viray, University of Washington, Reciprocity
laws and rational points on varieties.
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Algebraic Structures in Knot Theory, Sam Nelson, Claremont McKenna College, and Radmila Sazdanović, North
Carolina State University.
Algebraic and Enumerative Combinatorics, Drew
Armstrong, University of Miami, and Brendon Rhoades,
University of California, San Diego.
Algebro-Geometric Methods in Graph Theory, Mohamed
Omar, Harvey Mudd College, and Matthew T. Stamps,
KTH.
Arithmetic Geometry, Katherine E. Stange, University
of Colorado, Boulder, and Bianca Viray, University of
Washington.
Cloaking and Metamaterials, Jichun Li, University of
Nevada, Las Vegas, and Fernando Guevera Vasquez,
University of Utah.
Contact Geometry and Low-Dimensional Topology, Ko
Honda and Erkao Bao, University of California, Los Angeles, and Lenhard Ng, Duke University.
Data Analysis and Physical Processes, Hanna Makaruk,
Los Alamos National Laboratory, and Eric Machorro, National Security Technologies.
Developments of Numerical Methods and Computations for Fluid Flow Problems, Monika Neda, University of
Nevada, Las Vegas.
of the
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Evolution Problems at the Interface of Waves and Fluids,
I. Bejenaru, University of California, San Diego, and B.
Pausader and V. Vicol, Princeton University.
Extremal and Structural Graph Theory, Bernard Lidický
and Derrick Stolee, Iowa State University.
Geometric Inequalities and Nonlinear Partial Differential

Porto, Portugal
University of Porto
June 10–13, 2015
Wednesday – Saturday

Equations, Guozhen Lu, Wayne State University, Nguyen

Meeting #1111

Lam, University of Pittsburgh, and Bernhard Ruf, Univer-

First Joint International Meeting involving the American
Mathematical Society (AMS), the European Mathematical
Society (EMS), and the Sociedade de Portuguesa Matematica
(SPM).
Associate secretary: Georgia Benkart
Announcement issue of Notices: February 2015
Program first available on AMS website: Not applicable
Program issue of electronic Notices: February 2015
Issue of Abstracts: Not applicable

sità di Milano.
History of Mathematics, Satish C. Bhatnagar, University
of Nevada, Las Vegas.
Inverse Problems and Related Mathematical Methods
in Physics, Hanna Makaruk, Los Alamos National Laboratory, and Robert Owczarek, University of New Mexico,
Albuquerque.
Knots and 3-Manifolds, Abby Thompson and Anastasiia Tsvietkova, University of California-Davis.
Mathematical and Numerical Aspects of Modeling Flows
Through Porous Media, Aleksey S. Telyakovskiy and Stephen W. Wheatcraft, University of Nevada, Reno.
Modeling and Numerical Studies for Coupled System
of PDEs Arising From Interdisciplinary Problems, Pengtao
Sun, University of Nevada, Las Vegas.
New Developments in Noncommutative Algebra, Ellen
Kirkman, Wake Forest University, and James Zhang, University of Washington, Seattle.
Nonlinear Conservation Laws and Applications, Matthias Youngs, Indiana University-Purdue University Columbus, Cheng Yu, University of Texas at Austin, and Kun
Zhao, Tulane University.
Nonlinear Elliptic and Parabolic PDEs, Igor Kukavica,
University of Southern California, Walter Rusin, Oklahoma
State University, and Fei Wang, University of Southern
California.
Nonlinear PDEs and Variational Methods, David Costa,
Zhonghai Ding, and Hossein Tehrani, University of Nevada, Las Vegas.
Recent Advances in Finite Element Analysis and Applications, Jichun Li, University of Las Vegas, and Susanne

Deadlines
For organizers: Expired
For abstracts: Expired
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
internmtgs.html.

Invited Addresses
Marcus du Sautoy, University of Oxford, UK, The secret
mathematicians (Evening Public Lecture)
Rui Loja Fernandes, University of Illinois at UrbanaChampaign, Global aspects of Poisson geometry.
Irene Fonseca, Carnegie Mellon University, Quantum
Dots and Dislocations: Dynamics of materials defects.
Annette Huber, Albert-Ludwigs-Universität Freiburg,
Germany, Differential forms in algebraic geometry—a new
perspective in the singular case.
Mikhail Khovanov, Columbia University, Categorification at a prime root of unity.
André Arroja Neves, Imperial College London, Min-max
methods in geometry.
Sylvia Serfaty, Université Pierre et Marie Curie, Paris
& Courant Institute, NYU, Questions of crystallization in
systems with Coulomb and Riesz interactions.
Gigliola Staffilani, Massachusetts Institute of Technology, Recent developments on certain dispersive equations
as infinite dimensional Hamiltonian systems.
Marcelo Viana, Instituto de Matemática Pura e Aplicada,
Brasil, Title to be announced.

Brenner, Louisiana State University.
Set Theory, Derrick Dubose and Douglas Burke, University of Nevada, Las Vegas.
Stochastic Analysis and Rough Paths, Fabrice Baudoin,
Purdue University, David Nualart, University of Kansas,
and Cheng Ouyang, University of Illinois at Chicago.
Topics in Graph Theory: Structural and Extremal Prob-

Chicago, Illinois
Loyola University Chicago

lems, Jie Ma, Carnegie Mellon University, Hehui Wu, Simon

October 3–4, 2015

Fraser University, and Gexin Yu, College of William & Mary.

Saturday – Sunday

May 2015
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Meeting #1112
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: June 2015
Program first available on AMS website: August 20, 2015
Issue of Abstracts: Volume 36, Issue 4

Deadlines
For organizers: Expired
For abstracts: August 11, 2015
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Julia Chuzhoy, Toyota Technological Institute at Chicago, Title to be announced.
Andrew Neitzke, The University of Texas at Austin,
Title to be announced.
Sebastien Roch, University of Wisconsin-Madison, Title
to be announced.
Peter Sarnak, Princeton University, Title to be announced (Erdős Memorial Lecture).

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Algebraic Methods Common to Association Schemes,
Hopf Algebras, Tensor Categories, Finite Geometry, and
Related Areas (Code: SS 1A), Harvey Blau, Northern Illinois University, Sung Y. Song, Iowa State University, and
Bangteng Xu, Eastern Kentucky University.
Algebraic Statistics and its Interactions with Combinatorics, Computation, and Network Science (Code: SS 13A),
Sonja Petrovic, Illinois Institute of Technology, and Despina Stasi, University of Cyprus and Illinois Institute of
Technology.
Algebraic and Combinatorial Invariants of Knots (Code:
SS 17A), Micah Chrisman, Monmouth University, Heather
Dye, McKendree University, Aaron Kaestner, North Park
University, Louis Kauffman, University of Illinois at Chicago, and Emily Peters, Loyola University Chicago.
Analysis of Partial Differential Equations and Fluid
Dynamics (Code: SS 31A), Mimi Dai, University of Illinois
at Chicago, Vera Mikyoung Hur, University of Illinois at
Urbana-Champaign, and Yao Yao, University of WisconsinMadison.
Automorphisms of Riemann Surfaces and Related Topics
(Code: SS 11A), S. Allen Broughton, Rose-Hulman Institute
of Technology, Peter Turbek, Purdue University Calumet,
Anthony Weaver, Bronx Community College, the City
University of New York, and Aaron Wootton, University
of Portland.
Coding Theory and Its Applications (Code: SS 24A), W.
Cary Huffman, Loyola University Chicago.
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Cohomology of Algebras and Deformation Theory
(Code: SS 16A), Anthony Giaquinto, Loyola University
Chicago, Mihai D. Staic, Bowling Green State University,
and Alin Stancu, Columbus State University.
Combinatorial and Computational Algebra (Code: SS
4A), David Cook II, Eastern Illinois University, and Sonja
Mapes, University of Notre Dame.
Combinatorial and Geometric Representation Theory
(Code: SS 9A), Ben Salisbury, Central Michigan University,
and Peter Tingley, Loyola University Chicago.
Commutative Algebra (Code: SS 27A), Youngsu Kim
and Paolo Mantero, University of California, Riverside,
and Jonathan Montano, Purdue University.
Computability Theory and Applications (Code: SS 19A),
Denis Hirschfeldt, University of Chicago, and Steffen
Lempp, University of Wisconsin-Madison.
Enumerative Algebraic and Geometric Combinatorics
(Code: SS 5A), Kyle Petersen, DePaul University, and Steven Klee, Seattle University.
Enumerative Combinatorics and Graph Theoretic Applications (Code: SS 12A), Adam Goyt, Minnesota State
University, and Lara Pudwell, Valparaiso University.
Frontiers in Computational Mathematics (Code: SS 25A),
Sou-Cheng (Terrya) Choi, NORC at the University of Chicago, and Illinois Institute of Technology.
Geometric Partial Differential Equations (Code: SS 26A),
Morgan Sherman, California Polytechnic State University,
and Valentino Tosatti and Ben Weinkove, Northwestern
University.
Geometric Perspectives in Knot Theory (Code: SS 14A),
David Krcatovich and Allison Moore, Rice University.
Groups, Rings, Group Rings, and Hopf Algebras (celebrating the 75th birthday of Donald S. Passman) (Code:
SS 2A), Jeffrey Bergen, Stefan Catoiu, and William Chin,
DePaul University.
History of Mathematics (Code: SS 10A), Steven Jordan,
Loyola University Chicago.
Hopf Algebraic Combinatorics (Code: SS 6A), Marcelo
Aguiar, Cornell University, and Aaron Lauve, Loyola University Chicago.
Mathematical Analysis and Computation of Nematic
Liquid Crystals (Code: SS 20A), Patricia Bauman, Daniel
Phillips, and Changyou Wang, Purdue University.
Automorphic Forms and Representations (Code: SS
21A), Moshe Adrian, University of Toronto, and Shuichiro Takeda and Aaron Wood, University of MissouriColumbia.
Metric Spaces: Geometry, Group Theory, and Dynamics
(Code: SS 18A), Tullia Dymarz, University of WisconsinMadison, and Anton Lukyanenko, University of Michigan.
Model Theory (Code: SS 15A), Uri Andrews, University
of Wisconsin-Madison, Isaac Goldbring, University of Illinois at Chicago, and Maryanthe Malliaris, University of
Chicago.
Nonlinear PDEs and Calculus of Variations (Code: SS
22A), Emmanuel Barron, Marian Bocea, and Robert Jensen, Loyola University Chicago.
Nonlocal Diffusions (Code: SS 30A), Jinqiao Duan, Xiaofan Li, and Xiaoxia Xie, Illinois Institute of Technology.
of the
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Probability Theory (Code: SS 29A), Antonio Auffinger,
Northwestern University, Jian Ding, University of Chicago,
and Sebastien Roch, University of Wisconsin-Madison.
Recent Developments in Graph and Matroid Theory
(Code: SS 23A), Sergei Bezrukov, University of WisconsinSuperior, Dalibor Froncek, University of Minnesota Duluth, and Xiaofeng Gu and Steven Rosenberg, University
of Wisconsin-Superior.
Recent Developments in the Theory and Applications of
Reaction Network Models (Code: SS 28A), Carsten Conradi,
Max Planck Institute, and Casian Pantea, West Virginia
University.
The Mathematics of Evolution (Code: SS 3A), Ruth Davidson, University of Illinois Urbana-Champaign, and Ruriko
Yoshida, University of Kentucky.
Topics in Graph Theory, Hypergraphs and Set Systems
(Code: SS 8A), John Engbers, Marquette University, and
David Galvin, University of Notre Dame.
Variational Analysis, Optimization, and Control (Code:
SS 7A), Rafal Goebel, Loyola University Chicago.

Memphis, Tennessee
University of Memphis
October 17–18, 2015
Saturday – Sunday

Meeting #1113
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: August 2015
Program first available on AMS website: September 3, 2015
Issue of Abstracts: Volume 36, Issue 3

Deadlines
For organizers: Expired
For abstracts: August 25, 2015
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Mark van Hoeij, Florida State University, Title to be
announced.
Vaughan Jones, Vanderbilt University, Title to be announced.
Mette Olufsen, North Carolina State University, Title
to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Advances in Operator Theory and Applications, in Memory of James Jamison (Code: SS 5A), Fernanda Botelho,
May 2015
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University of Memphis, and T.S.S.R.K. Rao, Indian Statistical Institute Bangalore.
Analysis of Differential and Integral Equations (Code: SS
18A), D.P. Dwiggins and T. Hagen, University of Memphis.
Banach Spaces and Applications (Code: SS 4A), Anna
Kaminska, Peikee Lin, and Bentuo Zheng, University of
Memphis.
Cahn-Hilliard and Related Equations and Applications.
(Code: SS 11A), Giséle Ruiz Goldstein, University of Memphis, and Alain Miranville, Université de Poitiers.
Computational Analysis (Code: SS 1A), George Anastassiou, University of Memphis.
Control and Inverse Problems for Partial Differential
Equations (Code: SS 6A), Matthias Eller, Georgetown
University, Shitao Liu, Clemson University, and Roberto
Triggiani, University of Memphis.
Difference Equations and Applications (Code: SS 12A),
Michael A. Radin, Rochester Institute of Technology, and
Youssef Raffoul, University of Dayton.
Ergodic Theory (Code: SS 8A), James T. Campbell and
Mate Wierdl, University of Memphis.
Evolution Equations and Partial Differential Equations
(Code: SS 19A), Jerome A. Goldstein, University of Memphis, Rainer Nagel, Universitaet Tuebingen, and Guillermo
Reyes, University of Southern California.
Extremal Graph Theory (in memory of Ralph Faudree)
(Code: SS 3A), Paul Balister, University of Memphis, Béla
Bollobás, University of Cambridge UK, and University of
Memphis, and Vladimir Nikiforov, University of Memphis.
Fractal Geometry and Dynamical Systems (Code: SS
2A), Mrinal Kanti Roychowdhury, University of TexasPan American.
Probabilistic Combinatorics (Code: SS 17A), Paul Balister, University of Memphis, and Béda Bollobás, University
of Cambridge UK, and University of Memphis.
Recent Advances in Commutative Algebra. (Code: SS
13A), Sandra Spiroff, University of Mississippi, and Lance
Miller, University of Arkansas.
Recent Developments in the Statistical Analysis of Large
Clustered Data (Code: SS 10A), E. Olusegun George, University of Memphis.
Spectra of Graphs and Hypergraphs. (Code: SS 9A),
Vladimir Nikiforov, University of Memphis.
Stabilization, Control, and Analysis of Evolutionary Partial Differential Equations (Code: SS 7A), George Avalos,
University of Nebraska Lincoln, Scott Hansen, Iowa State
University, and Justin Webster, North Carolina State University and College of Charleston.
The Analysis, Geometry, and Topology of Groupoids
(Code: SS 15A), Emily Proctor, Middlebury College, and
Christopher Seaton, Rhodes College.
Topological Combinatorics (Code: SS 14A), Eric Gottlieb,
Rhodes College, and Russ Woodroofe, Mississippi State
University.
von Neumann Algebras (Code: SS 16A), Vaughan Jones,
Vanderbilt University, and David Penneys, UCLA.
of the
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Fullerton, California
California State University, Fullerton
October 24–25, 2015
Saturday – Sunday

Meeting #1114
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: August 2015
Program first available on AMS website: September 10,
2015
Issue of Abstracts: Volume 36, Issue 4

Spatio-Temporal Modeling of Neuronal Data (Code: SS
6A), Reza Ramezan and Sam Behseta, California State
University, Fullerton.
Spectral Asymptotics of Large Matrices (Code: SS 3A),
Alain Bourget and Tyler McMillen, California State University, Fullerton.
Strategies of Training Pre-Service Teachers (Code: SS
4A), Margaret Kidd, Cherie Ichinose, David Pagni, and
Bogdan D. Suceava, California State University, Fullerton.

New Brunswick, New
Jersey

Deadlines

Rutgers University

For organizers: Expired
For abstracts: September 1, 2015

November 14–15, 2015

The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Meeting #1115

Saturday – Sunday

Invited Addresses
Mina Aganagic, University of California, Berkeley, Title
to be announced.
John Lott, University of California, Berkeley, Title to
be announced.
Eyal Lubetzky, Microsoft Research, Redmond, Title to
be announced.
Zhiwei Yun, Stanford University, Title to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Algebraic and Combinatorial Structures in Knot Theory
(Code: SS 9A), Allison Henrich, Seattle University, Aaron
M. Kaestner, North Park University, Sam Nelson, Claremont McKenna College, and Matt Rathbun, California State
University, Fullerton.
Applied Mathematics in Industry: (in memory of John G.
Pierce, 1942-2015 (Code: SS 8A), Charles H. Lee and Angel
R. Pineda, California State University, Fullerton.
Geometric Analysis (Code: SS 1A), John Lott, University
of California, Berkeley, and Aaron Naber, Northwestern
University.
Mathematicians and Outreach Programs (Code: SS 2A),
Olga Radko, University of California Los Angeles, and
Bodgan D. Suceava, California State University, Fullerton.
Recent Advances in Finite Groups and their Representations (Code: SS 5A), Adam Glesser, California State University, Fullerton, and Mandi Schaeffer Fry, Metropolitan
State University of Denver.
Research in Mathematics by Early Career Graduate
Students (Code: SS 7A), Tamas Forgacs, Carmen Caprau,
and Oscar Vega, California State University, Fresno.
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Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: September 2015
Program first available on AMS website: To be announced
Program issue of electronic Notices: November 2015
Issue of Abstracts: Volume 36, Issue 4

Deadlines
For organizers: Expired
For abstracts: September 22, 2015
The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Lee Mosher, Rutgers University, Title to be announced.
Jill Pipher, Brown University, Title to be announced.
David Vogan, Massachusetts Institute of Technology,
Title to be announced.
Wei Zhang, Columbia University, Title to be announced.

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Advances in Valuation Theory (Code: SS 6A), Samar El
Hitti, New York City College of Technology, City University
of New York, Franz-Viktor Kuhlmann, University of Saskatchewan, and Hans Schoutens, New York City College
of Technology, City University of New York.
Algebraic Geometry and Combinatorics (Code: SS 9A),
Elizabeth Drellich, University of North Texas, Erik Insko,
Florida Gulf Coast University, Aba Mbirika, University of
Wisconsin-Eau Claire, and Heather Russell, Washington
College.
of the
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Applications of CAT(0) Cube Complexes (Code: SS 1A),
Sean Cleary, City College of New York and the City University of New York Graduate Center, and Megan Owen,
Lehman College of the City University of New York.
Aspects of Minimal Surfaces in Riemannian Manifolds
(Code: SS 4A), Zheng Huang and Marcello Lucia, City University of New York, Staten Island and Graduate Center.
Commutative Algebra (Code: SS 2A), Laura Ghezzi,
New York City College of Technology, City University of
New York, and Jooyoun Hong, Southern Connecticut State
University.
Difference Equations and Applications (Code: SS 5A),
Manos Drymonis, Providence College, Evelina Lapierre,
Johnson and Wales University, and Michael Radin, Rochester institute of Technology.
Geometric Topology: A Celebration of Jim West’s 70th
Birthday (Code: SS 3A), Alexandre Dranishnikov, University of Florida, Steve Ferry, Rutgers University, and Boris
Goldfarb, State University of New York at Albany.
Multiple Combinatorial Numbers and Associated Identities (Code: SS 8A), Hasan Coskun, Texas A&M UniversityCommerce.
Nonlinear Waves in Differential Equations (Code: SS
10A), Linghai Zhang, Lehigh University.
Representation Theory, Vertex Operator Algebras, and
Related Topics (Code: SS 7A), Corina Calinescu, New York
City College of Technology, City University of New York,
Andrew Douglas, New York City College of Technology
and Graduate Center, City University of New York, and
Joshua Sussan, Medgar Evers College, City University of
New York.
Representations of Reductive Groups (Code: SS 11A),
Jeffrey Adams, University of Maryland, Stephen D. Miller,
Rutgers University, and David Vogan, Massachusetts Institute of Technology.

Seattle, Washington
Washington State Convention Center and
the Sheraton Seattle Hotel
January 6–9, 2016

For organizers: Expired
For abstracts: September 15, 2015

Athens, Georgia
University of Georgia
March 5–6, 2016
Saturday – Sunday
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: August 5, 2015
For abstracts: January 19, 2016

Stony Brook, New
York
State University of New York at Stony
Brook
March 19–20, 2016
Saturday – Sunday
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: August 19, 2015
For abstracts: February 2, 2016

Salt Lake City, Utah

Wednesday – Saturday

Meeting #1116
Joint Mathematics Meetings, including the 122nd Annual
Meeting of the AMS, 99th Annual Meeting of the Mathematical Association of America (MAA), annual meetings
of the Association for Women in Mathematics (AWM) and
the National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic (ASL),
with sessions contributed by the Society for Industrial and
Applied Mathematics (SIAM).
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: October 2015
Program first available on AMS website: To be announced
Program issue of electronic Notices: January 2016
Issue of Abstracts: Volume 37, Issue 1
May 2015

Deadlines

Notices

University of Utah
April 9–10, 2016
Saturday – Sunday
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced
of the
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Fargo, North Dakota
North Dakota State University
April 16–17, 2016
Saturday – Sunday
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced

Deadlines
For organizers: March 8, 2016
For abstracts: August 16, 2016

Atlanta, Georgia
Hyatt Regency Atlanta and Marriott Atlanta Marquis

The scientific information listed below may be dated.
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Special Sessions
If you are volunteering to speak in a Special Session, you
should send your abstract as early as possible via the abstract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.
Convexity and Harmonic Analysis (Code: SS 2A), Maria
Alfonseca-Cubero, North Dakota State University, and
Dmitry Ryabogin, Kent State University.
Ergodic Theory and Dynamical Systems (Code: SS 1A),
Dogan Comez, North Dakota State University, and Mrinal
Kanti Roychowdhury, University of Texas-Pan American.
Mathematical Finance (Code: SS 3A), Indranil SenGupta,
North Dakota State University.

January 4–7, 2017
Wednesday – Saturday
Joint Mathematics Meetings, including the 123rd Annual
Meeting of the AMS, 100th Annual Meeting of the Mathematical Association of America, annual meetings of the
Association for Women in Mathematics (AWM) and the
National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic, with
sessions contributed by the Society for Industrial and Applied Mathematics (SIAM).
Associate secretary: Brian D. Boe
Announcement issue of Notices: October 2016
Program first available on AMS website: To be announced
Program issue of electronic Notices: January 2017
Issue of Abstracts: Volume 38, Issue 1

Deadlines

Brunswick, Maine

For organizers: April 1, 2016
For abstracts: To be announced

Bowdoin College
September 24–25, 2016
Saturday – Sunday
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines

Charleston, South
Carolina
College of Charleston
March 10–12, 2017
Friday – Sunday
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

For organizers: To be announced
For abstracts: July 23, 2016

Denver, Colorado
University of Denver

Deadlines

October 8–9, 2016

For organizers: November 10, 2016
For abstracts: To be announced

Saturday – Sunday
606

Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced
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Bloomington, Indiana Baltimore, Maryland
Indiana University
April 1–2, 2017
Saturday – Sunday
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Baltimore Convention Center, Hilton Baltimore, and Baltimore Marriott Inner Harbor Hotel
January 16–19, 2019

Washington State University

Wednesday – Saturday
Joint Mathematics Meetings, including the 125th Annual
Meeting of the AMS, 102nd Annual Meeting of the Mathematical Association of America (MAA), annual meetings
of the Association for Women in Mathematics (AWM)and
the National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic (ASL),
with sessions contributed by the Society for Industrial and
Applied Mathematics (SIAM).
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: October 2018
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

April 22–23, 2017

Deadlines

Saturday – Sunday
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

For organizers: April 2, 2018
For abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced

Pullman, Washington

Deadlines
For organizers: To be announced
For abstracts: To be announced

San Diego, California
San Diego Convention Center and San
Diego Marriott Hotel and Marina
January 10–13, 2018
Wednesday – Saturday
Joint Mathematics Meetings, including the 124th Annual
Meeting of the AMS, 101st Annual Meeting of the Mathematical Association of America (MAA), annual meetings
of the Association for Women in Mathematics (AWM) and
the National Association of Mathematicians (NAM), and the
winter meeting of the Association of Symbolic Logic (ASL),
with sessions contributed by the Society for Industrial and
Applied Mathematics (SIAM).
Associate secretary: Georgia Benkart
Announcement issue of Notices: October 2017
Program first available on AMS website: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2017
For abstracts: To be announced
May 2015
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Associate Secretaries of the AMS
Central Section: Georgia Benkart, University of WisconsinMadison, Department of Mathematics, 480 Lincoln Drive,
Madison, WI 53706-1388; e-mail: benkart@math.wisc.edu;
telephone: 608-263-4283.
Eastern Section: Steven H. Weintraub, Department of Mathematics, Lehigh University, Bethlehem, PA 18105-3174; e-mail:
steve.weintraub@lehigh.edu; telephone: 610-758-3717.

The Meetings and Conferences section of the Notices
gives information on all AMS meetings and conferences
approved by press time for this issue. Please refer to the page
numbers cited in the table of contents on this page for more
detailed information on each event. Invited Speakers and
Special Sessions are listed as soon as they are approved
by the cognizant program committee; the codes listed
are needed for electronic abstract submission. For some
meetings the list may be incomplete. Information in this
issue may be dated. Up-to-date meeting and conference
information can be found at www.ams.org/meetings/.

2016
January 6–9
Annual Meeting
March 5–6
March 19–20
April 9–10
April 16–17
September 24–25
October 8–9
2017
January 4–7
Annual Meeting
March 10–12

April 1–2
April 22–23

Bloomington, Indiana
Pullman, Washington

p. 607
p. 607

2018
January 10–13
Annual Meeting

San Diego, California

p. 607

2019
January 16–19
Annual Meeting

Baltimore, Maryland

p. 607

Important Information regarding AMS Meetings

Meetings:
2015
April 18–19
June 10–13
October 3–4
October 17–18
October 24–25
November 14–15

Southeastern Section: Brian D. Boe, Department of Mathematics, University of Georgia, 220 D W Brooks Drive, Athens,
GA 30602-7403, e-mail: brian@math.uga.edu; telephone:
706-542-2547.
Western Section: Michel L. Lapidus, Department of Mathematics, University of California, Surge Bldg., Riverside, CA
92521-0135; e-mail: lapidus@math.ucr.edu; telephone:
951-827-5910.

Las Vegas, Nevada
Porto, Portugal
Chicago, Illinois
Memphis, Tennessee
Fullerton, California
New Brunswick, New Jersey

p.
p.
p.
p.
p.
p.

600
601
601
603
604
604

Seattle, Washington

p. 605

Athens, Georgia
Stony Brook, New York
Salt Lake City, Utah
Fargo, North Dakota
Brunswick, Maine
Denver, Colorado

p. 605
p. 605
p. 605
p. 606
p. 606
p. 606

Atlanta, Georgia

p. 606

Charleston, South Carolina

p. 606

Potential organizers, speakers, and hosts should refer to
page 200 in the February 2015 issue of the Notices for general
information regarding participation in AMS meetings and conferences.

Abstracts
Speakers should submit abstracts on the easy-to-use interactive Web form. No knowledge of
is necessary to submit
an electronic form, although those who use
may submit
abstracts with such coding, and all math displays and similarily coded material (such as accent marks in text) must
be typeset in
. Visit www.ams.org/cgi-bin/abstracts/
abstract.pl. Questions about abstracts may be sent to absinfo@ams.org. Close attention should be paid to specified
deadlines in this issue. Unfortunately, late abstracts cannot
be accommodated.

Conferences in Cooperation with the AMS: (See www.ams.org/meetings/ for the most up-to-date information
on these conferences.)

July 13–31, 2015: 2015 Summer Research Institute on Algebraic Geometry, University of Utah, Salt Lake City, Utah
December 16--19, 2015: Amrita School of Engineering hosts the International Conference on Graph Theory and
its Applications, Tamil Nadu, INDIA (For further information see https://www.amrita.edu/site/icgta15/.)
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Art in the Life of Mathematicians
Anna Kepes Szemerédi, ELTE, Budapest, Hungary, Editor

Mathematicians reflect on the roles that mathematics and art
have played in their lives.
2015; approximately 259 pages; Softcover; ISBN: 978-1-4704-1956-1;
List US$49; AMS members US$39.20; Order code MBK/91

Really Big Numbers and
You Can Count on Monsters (2-Volume Set)
Richard Evan Schwartz, Brown University, Providence, RI

These books are unique teaching tools that take math lovers on a journey
designed to motivate kids (and kids at heart) to learn the fun of numbers.
2015; Softcover; ISBN: 978-1-4704-2294-3; List US$40; AMS members US$32; Order
code MBK/84/90

Linear Algebra and Matrices
Topics for a Second Course

TEXTBOOK

Helene Shapiro, Swarthmore College, PA

This book combines coverage of core topics with an introduction to some
areas in which linear algebra plays a key role.
Pure and Applied Undergraduate Texts, Volume 24; 2015; approximately 318 pages;
Hardcover; ISBN: 978-1-4704-1852-6; List US$67; AMS members US$53.60; Order code
AMSTEXT/24

Expansion in
Finite Simple Groups
of Lie Type
Terence Tao

Expansion in Finite Simple Groups
of Lie Type
Terence Tao, University of California, Los Angeles, CA

This text focuses on Cayley graphs on finite groups of Lie
type, developing tools such as quasirandomness and
product estimates.

Graduate Studies
in Mathematics
Volume 164

American Mathematical Society

Order Online:
www.ams.org/bookstore

Graduate Studies in Mathematics, Volume 164; 2015; 303
pages; Hardcover; ISBN: 978-1-4704-2196-0; List US$79; AMS
members US$63.20; Order code GSM/164

Order by Phone:
(800)321-4267 (U.S. & Canada),
(401)455-4000 (Worldwide)

facebook.com/amermathsoc
@amermathsoc
plus.google.com/+AmsOrg

