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Tensors and Their Eigenvectors
Bernd Sturmfels

My AMS invited address at the SIAM Annual Meeting July 11–15 in Boston discusses the
extension of eigenvectors and singular vectors from matrices to higher order tensors.

Areal 𝑛 × 𝑛-matrix usually has 𝑛 indepen-
dent eigenvectors over the complex numbers.
When the matrix is symmetric, its eigen-
vectors have real coordinates and are
orthogonal. For a rectangular matrix, one

considers pairs of singular vectors, one on the left
and one on the right. The number of these pairs is
equal to the smaller of the two matrix dimensions.

Engineers and
scientists spice
up their linear
algebra toolbox
with a pinch of

algebraic
geometry.

Eigenvectors and singu-
lar vectors are familiar
from linear algebra, where
they are taught in con-
cert with eigenvalues and
singular values. Linear al-
gebra is the foundation
of applied mathematics
and scientific computing.
Specifically, the concept
of eigenvectors and nu-
merical algorithms for
computing them became
a key technology during
the twentieth century.

However, in our day and age of Big Data, the role of
matrices is increasingly often played by tensors, that is,
multidimensional arrays of numbers. Principal compo-
nent analysis tells us that eigenvectors of matrices point
to directions in which the data is most spread. One hopes
to identify similar features in higher-dimensional data.
This has encouraged engineers and scientists to spice
up their linear algebra toolbox with a pinch of algebraic
geometry.

The spectral theory of tensors is the theme of the
AMS Invited Address at the SIAM Annual Meeting, held in
Boston on July 11–15, 2016. This theory was pioneered
around 2005 by Lek-Heng Lim and Liqun Qi. The aim
of our introduction is to generalize familiar notions,
such as rank, eigenvectors and singular vectors, from
matrices to tensors. Specifically, we address the following
questions. The answers are provided in Examples 5 and 10
respectively.

Bernd Sturmfels is professor of mathematics, statistics and com-
puter science at the University of California at Berkeley and is
past vice president of the American Mathematical Society. His
email address is bernd@berkeley.edu.

For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1389

Question 1. How many eigenvectors does a 3 × 3 × 3-
tensor have?

Question 2. How many triples of singular vectors does a
3×3×3-tensor have?

A tensor is a 𝑑-dimensional array 𝑇 = (𝑡𝑖1𝑖2⋯𝑖𝑑). Tensors
of format 𝑛1×𝑛2×⋯×𝑛𝑑 form a space of dimension
𝑛1𝑛2 ⋯𝑛𝑑. For 𝑑 = 1, 2 we get vectors and matrices. A
tensor has rank 1 if it is the outer product of 𝑑 vectors,
written 𝑇 = u⊗ v⊗⋯⊗w or, in coordinates,

𝑡𝑖1𝑖2⋯𝑖𝑑 = 𝑢𝑖1𝑣𝑖2 ⋯𝑤𝑖𝑑 .
The problem of tensor decomposition concerns expressing
𝑇 as a sum of rank 1 tensors, using as few summands as
possible. That minimal number of summands needed is
the rank of 𝑇.

An 𝑛×𝑛×⋯×𝑛-tensor 𝑇 = (𝑡𝑖1𝑖2⋯𝑖𝑑) is symmetric if it
is unchanged under permuting the indices. The space
Sym𝑑(ℝ𝑛) of such symmetric tensors has dimension
(𝑛+𝑑−1

𝑑 ). It is identified with the space of homogeneous
polynomials of degree 𝑑 in 𝑛 variables, written as

𝑇 =
𝑛

∑
𝑖1,…,𝑖𝑑=1

𝑡𝑖1𝑖2⋯𝑖𝑑 ⋅ 𝑥𝑖1𝑥𝑖2 ⋯𝑥𝑖𝑑 .

Example 3. A tensor 𝑇 of format 3×3×3 has 27 entries.
If 𝑇 is symmetric, then it has 10 distinct entries, one for
each coefficient of the associated cubic polynomial in
three variables. This polynomial defines a cubic curve in
the projective plane ℙ2, as indicated in Figure 1.

Symmetric tensor decomposition writes a polynomial
as a sum of powers of linear forms:

(1) 𝑇 =
𝑟

∑
𝑗=1

𝜆𝑗v⊗𝑑
𝑗 =

𝑟

∑
𝑗=1

𝜆𝑗(𝑣1𝑗𝑥1+𝑣2𝑗𝑥2+⋯+𝑣𝑛𝑗𝑥𝑛)𝑑.
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Figure 1. A symmetric 3×3×3-tensor represents a
cubic curve (drawn by Cynthia Vinzant) in the projective
plane.
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Figure 2. The polynomial 𝑇 = 𝑥𝑦𝑧(𝑥 + 𝑦+ 𝑧) represents a symmetric 3×3×3×3-tensor.

The gradient of 𝑇 defines a map ∇𝑇 ∶ ℝ𝑛 → ℝ𝑛. A vector
v ∈ ℝ𝑛 is an eigenvector of 𝑇 if

(∇𝑇)(v) = 𝜆 ⋅ v for some 𝜆 ∈ ℝ.
Eigenvectors of tensors arise naturally in optimization.

Consider the problem of maximizing a polynomial func-
tion 𝑇 over the unit sphere in ℝ𝑛. If 𝜆 denotes a Lagrange
multiplier, then one sees that the eigenvectors of 𝑇 are
the critical points of this optimization problem.

Algebraic geometers find it convenient to replace the
unit sphere in ℝ𝑛 by the projective space ℙ𝑛−1. The
gradient map is then a rational map from this projective
space to itself:

∇𝑇 ∶ ℙ𝑛−1 99K ℙ𝑛−1.
The eigenvectors of 𝑇 are fixed points (𝜆 ≠ 0) and base
points (𝜆 = 0) of ∇𝑇. Thus the spectral theory of tensors
is closely related to the study of dynamical systems on
ℙ𝑛−1.

In the matrix case (𝑑 = 2), the linear map ∇𝑇 is the
gradient of the quadratic form

𝑇 =
𝑛

∑
𝑖=1

𝑛

∑
𝑗=1

𝑡𝑖𝑗𝑥𝑖𝑥𝑗.

By the Spectral Theorem, 𝑇 has a real decomposition (1)
with 𝑑 = 2. Here 𝑟 is the rank, the 𝜆𝑗 are the eigenvalues
of 𝑇, and the eigenvectors v𝑗 = (𝑣1𝑗, 𝑣2𝑗,… ,𝑣𝑛𝑗) are
orthonormal. We can compute this by power iteration,
namely, by applying ∇𝑇 until a fixed point is reached.

For 𝑑 ≥ 3, one can still use the power iteration to
compute eigenvectors of𝑇. However, the eigenvectors are
usually not the vectors v𝑖 in the low-rank decomposition
(1). One exception arises when the symmetric tensor is
odeco, or orthogonally decomposable [4]. This means that
𝑇 has the form (1), where 𝑟 = 𝑛 and {v1,v2,… ,v𝑟} is
an orthogonal basis of ℝ𝑛. These basis vectors are the
attractors of the dynamical system ∇𝑇, provided 𝜆𝑗 > 0.
Theorem 4 ([2]). The number of complex eigenvectors of
a general tensor 𝑇 ∈ Sym𝑑(ℝ𝑛) is

(𝑑 − 1)𝑛 − 1
𝑑− 2 =

𝑛−1

∑
𝑖=0

(𝑑 − 1)𝑖.

Example 5. Let 𝑛 = 𝑑 = 3. The Fermat cubic 𝑇 = 𝑥3 +
𝑦3 +𝑧3 is an odeco tensor. Its gradient map squares each
coordinate: ∇𝑇 ∶ ℙ2 99K ℙ2, (𝑥 ∶ 𝑦 ∶ 𝑧) ↦ (𝑥2 ∶ 𝑦2 ∶ 𝑧2).
This dynamical system has seven fixed points, of which
only the first three are attractors:

(1 ∶ 0 ∶ 0), (0 ∶ 1 ∶ 0), (0 ∶ 0 ∶ 1),
(1 ∶ 1 ∶ 0), (1 ∶ 0 ∶ 1), (0 ∶ 1 ∶ 1), (1 ∶ 1 ∶ 1).

We conclude that 𝑇 has seven eigenvectors, and the same
holds for 3 × 3× 3-tensors in general.

It is not known whether all eigenvectors can be real.
This holds for 𝑛 = 3 by [1, Theorem 6.1]. Namely, if 𝑇 is a
product of linear forms defining 𝑑 lines in ℙ2, then the (𝑑2)
vertices of the line arrangement are base points of ∇𝑇,
and each of the (𝑑2) + 1 regions contains one fixed point.
This accounts for all 1 + (𝑑−1) + (𝑑−1)2 eigenvectors,
which are therefore real.

Example 6. Let 𝑑 = 4 and fix the product of linear forms
𝑇 = 𝑥𝑦𝑧(𝑥 + 𝑦+ 𝑧). Its curve in ℙ2 is an arrangement of
four lines, as shown in Figure 2. This quartic represents a
symmetric 3×3×3×3-tensor. All 13 = 6+7 eigenvectors
of this tensor are real. The 6 vertices of the arrangement
are the base points of ∇𝑇. Each of the 7 regions contains
one fixed point.

For special tensors 𝑇, two of the eigenvectors in
Theorem 4 may coincide. This corresponds to vanishing
of the eigendiscriminant, which is a big polynomial in
the coefficients 𝑡𝑖1𝑖2⋯𝑖𝑑 . In the matrix case (𝑑 = 2), it is
the discriminant of the characteristic polynomial of an
𝑛×𝑛-matrix. For 3×3×3-tensors the eigendiscriminant
has degree 24. In general we have the following:

Theorem 7 ([1, Corollary 4.2]). The eigendiscriminant
is an irreducible homogeneous polynomial of degree
𝑛(𝑛 − 1)(𝑑 − 1)𝑛−1 in the coefficients 𝑡𝑖1𝑖2⋯𝑖𝑑 of the tensor
𝑇.

Singular value decomposition is a central notion in
linear algebra and its applications. Consider a rectangular
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Bernd Sturmfels enjoying a spherical blackboard at
the Institute Mittag-Leffler in Djursholm, Sweden.

matrix 𝑇 = (𝑡𝑖𝑗) of format 𝑛1 ×𝑛2. The singular values 𝜎
of 𝑇 satisfy

𝑇u = 𝜎v and 𝑇𝑡v = 𝜎u,
where u and v are the corresponding singular vectors. Just
as with eigenvectors, we can associate to this a dynamical
system. Namely, we interpret thematrix as a bilinear form

𝑇 =
𝑛1

∑
𝑖=1

𝑛2

∑
𝑗=1

𝑡𝑖𝑗𝑥𝑖𝑦𝑗.

The gradient of 𝑇 defines a rational self-map of a product
of two projective spaces:

∇𝑇 ∶ ℙ𝑛1−1 × ℙ𝑛2−1 99K ℙ𝑛1−1 × ℙ𝑛2−1,
(u , v) ↦ (𝑇𝑡v , 𝑇u).

The fixed points of this map are the pairs of singular
vectors of 𝑇.

Consider now an arbitrary 𝑑-dimensional tensor 𝑇 in
ℝ𝑛1×𝑛2×⋯×𝑛𝑑 . It corresponds to a multilinear form. The
singular vector tuples of 𝑇 are the fixed points of the
gradient map

∇𝑇 ∶ ℙ𝑛1−1×⋯×ℙ𝑛𝑑−1 99K ℙ𝑛1−1×⋯×ℙ𝑛𝑑−1.
Example 8. The trilinear form𝑇 = 𝑥1𝑦1𝑧1+𝑥2𝑦2𝑧2 defines
a 2×2×2-tensor. Its map ∇𝑇 is

ℙ1×ℙ1×ℙ1 → ℙ1×ℙ1×ℙ1,
((𝑥1∶𝑥2),(𝑦1∶𝑦2),(𝑧1∶𝑧2)) ↦ ((𝑦1𝑧1∶𝑦2𝑧2),(𝑥1𝑧1∶𝑥2𝑧2),(𝑥1𝑦1∶𝑥2𝑦2)).

This map has no base points, but it has six fixed
points, namely ((1∶0), (1∶0), (1∶0)), ((0∶1), (0∶1), (0∶1)),
((1∶1), (1∶1), (1∶1)), ((1∶1), (1∶−1), (1∶−1)), ((1∶−1),
(1∶1), (1∶−1)), and ((1∶−1), (1∶−1),(1∶1)). These are the
triples of singular vectors of the given 2 × 2× 2-tensor.

Here is an explicit formula for the expected number of
singular vector tuples.

Theorem 9 (Friedland and Ottaviani [3]). For a general
𝑛1×𝑛2×⋯×𝑛𝑑-tensor 𝑇, the number of singular vector
tuples (over ℂ) is the coefficient of 𝑧𝑛1−1

1 ⋯𝑧𝑛𝑑−1
𝑑 in the poly-

nomial
𝑑

∏
𝑖=1

(𝑧𝑖)𝑛𝑖 −𝑧𝑛𝑖
𝑖

𝑧𝑖 − 𝑧𝑖
where 𝑧𝑖 = 𝑧1+⋯+𝑧𝑖−1+𝑧𝑖+1+⋯+𝑧𝑑.

We conclude our excursion into the spectral theory of
tensors by answering Question 2.

Example 10. Let 𝑑 = 3 and 𝑛1=𝑛2=𝑛3=3. The generating
function in Theorem 9 equals

(𝑧1
2+𝑧1𝑧1+𝑧2

1)(𝑧2
2+𝑧2𝑧2+𝑧2

2)(𝑧3
2+𝑧3𝑧3+𝑧2

3)
= ⋯ + 37𝑧2

1𝑧2
2𝑧2

3 + ⋯.
This means that a general 3×3×3-tensor has exactly 37
triples of singular vectors. Likewise, a general 3×3×3×3-
tensor, as illustrated in Figure 2, has 997 quadruples of
singular vectors.
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Sir Andrew Wiles received the 2016 Abel Prize at the Oslo award ceremony on May 24.
©
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the equation xn+yn=zn has no solutions in positive integers 
for n>2. Fermat proved his claim for n=4, Leonhard Euler 
found a proof for n=3, and Sophie Germain proved the 
first general result that applies to infinitely many prime 
exponents. Ernst Kummer’s study of the problem unveiled 
several basic notions in algebraic number theory, such as 
ideal numbers and the subtleties of unique factorization. 
The complete proof found by Andrew Wiles relies on three 
further concepts in number theory, namely elliptic curves, 
modular forms, and Galois representations.

Elliptic curves are defined by cubic equations in two 
variables. They are the natural domains of definition of 
the elliptic functions introduced by Niels Henrik Abel. 
Modular forms are highly symmetric analytic functions 
defined on the upper half of the complex plane, and 
naturally factor through shapes known as modular curves. 
An elliptic curve is said to be modular if it can be param-
etrized by a map from one of these modular curves. The 
modularity conjecture, proposed by Goro Shimura, Yutaka 
Taniyama, and André Weil in the 1950s and 1960s, claims 
that every elliptic curve defined over the rational numbers 
is modular.

In 1984, Gerhard Frey associated a semistable elliptic 
curve to any hypothetical counterexample 
to Fermat’s Last Theorem, and strongly 
suspected that this elliptic curve would 
not be modular. Frey’s nonmodularity was 
proven via Jean-Pierre Serre’s epsilon con-
jecture by Kenneth Ribet in 1986. Hence, a 
proof of the Shimura-Taniyama-Weil mod-
ularity conjecture for semistable elliptic 
curves would also yield a proof of Fermat’s 
Last Theorem. However, at the time the modularity conjec-
ture was widely believed to be completely inaccessible. It 
was therefore a stunning advance when Andrew Wiles, in 
a breakthrough paper published in 1995, introduced his 
modularity lifting technique and proved the semistable 
case of the modularity conjecture.

The modularity lifting technique of Wiles concerns 
the Galois symmetries of the points of finite order in the 
abelian group structure on an elliptic curve. Building upon 
Barry Mazur’s deformation theory for such Galois repre-
sentations, Wiles identified a numerical criterion which 
ensures that modularity for points of order p can be lifted 
to modularity for points of order any power of p, where p 
is an odd prime. This lifted modularity is then sufficient 
to prove that the elliptic curve is modular. The numerical 
criterion was confirmed in the semistable case by using an 
important companion paper written jointly with Richard 
Taylor. Theorems of Robert Langlands and Jerrold Tunnell 
show that in many cases the Galois representation given 
by the points of order three is modular. By an ingenious 
switch from one prime to another, Wiles showed that in 
the remaining cases the Galois representation given by the 
points of order five is modular. This completed his proof 
of the modularity conjecture, and thus also of Fermat’s 
Last Theorem.

The new ideas introduced by Wiles were crucial to many 
subsequent developments, including the proof in 2001 of 
the general case of the modularity conjecture by Chris-

tophe Breuil, Brian Conrad, Fred Diamond, and Richard 
Taylor. As recently as 2015, Nuno Freitas, Bao V. Le Hung, 
and Samir Siksek proved the analogous modularity state-
ment over real quadratic number fields. Few results have 
as rich a mathematical history and as dramatic a proof as 
Fermat’s Last Theorem.

Biographical Sketch
Andrew J. Wiles was born April 11, 1953, in Cambridge, 
United Kingdom. He earned his PhD in 1980 at Clare Col-
lege, Cambridge. He has held positions at Harvard Univer-
sity and Princeton University. In 1985–86, he was a Guggen-
heim Fellow at the Institut des Hautes Études Scientifiques 
and at the École Normale Supérieure. From 1988 to 1990 he 
was a Royal Society Research Professor at the University of 
Oxford before returning to Princeton. He rejoined Oxford 
in 2011 as Royal Society Research Professor.

Andrew Wiles is one of the very few mathematicians—
if not the only one—whose proof of a theorem has been 
international headline news. His proof was not only the 
high point of his career—and an epochal moment for 
mathematics—but also the culmination of a remark-
able personal journey that began three decades before. 

In 1963, when he was a ten-year-old boy 
growing up in Cambridge, Wiles found a 
copy of a book on Fermat’s Last Theorem 
in his local library. He became captivated 
by the problem—that there are no whole 
number solutions to the equation xn+yn=zn 

when n is greater than 2—which was easy 
to understand but which had remained 
unsolved for three hundred years. “I knew 

from that moment that I would never let it go,” he said. 
“I had to solve it.”

Wiles studied mathematics at Merton Col-
lege, Oxford, and returned to Cambridge, at Clare  
College, for postgraduate studies. His research area was 
number theory, the mathematical field that investigates 
the properties of numbers. Under the guidance of his 
advisor, John Coates, he studied elliptic curves, a type 
of equation that was first studied in connection with 
measuring the lengths of planetary orbits. Together they 
made the first progress on one of the field’s fundamental 
conjectures, the Birch and Swinnerton-Dyer conjecture, 
proving it for certain special cases. Wiles was awarded 
his PhD in 1980 for the thesis “Reciprocity laws and the 
conjecture of Birch and Swinnerton-Dyer”.

Between 1977 and 1980 he was an assistant professor 
at Harvard University, where he started to study modular 
forms, a separate field from elliptic curves. There he began 
a collaboration with Barry Mazur, which resulted in their 
1984 proof of the main conjecture of Iwasawa theory, a 
field within number theory. In 1982 he was made a profes-
sor at Princeton University. 

During the early years of his academic career he was 
not actively trying to solve Fermat’s Last Theorem, nor 
was anyone else, since the problem was generally regarded 
as too difficult and possibly unsolvable. A turning point 
came in 1986 when it was shown that the three-centuries-
old problem could be rephrased using the mathematics 

I knew...I would 
never let it go. I 
had to solve it.
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of elliptic curves and modular forms. It was an amazing 
twist of fate that two subjects that Wiles had specialized 
in turned out to be exactly the areas that were needed 
to tackle Fermat’s Last Theorem with modern tools. He 
decided that he would return to the problem that so excited 
him as a child. “The challenge proved irresistible,” he said.

Wiles made the unusual choice to work on Fermat 
alone rather than collaborating with colleagues. Since the 
problem was so famous, he was worried that news he was 
working on it would attract too much attention and he 
would lose focus. The only person he confided in was his 
wife, Nada, whom he married shortly after embarking on 
the proof.

After seven years of intense and secret study, Wiles 
believed he had a proof. He decided to go public during a 
lecture series at a seminar in Cambridge, England. He did 
not announce it beforehand. The title of his talk, “Modular 
Forms, Elliptic Curves and Galois Representations”, gave 
nothing away, although rumor had spread around the 
mathematical community and two hundred people were 
packed into the lecture theater to hear him. When he wrote 
the theorem up as the conclusion to the talk, the room 
erupted in applause.

Later that year, however, a referee checking the details 
of his proof found an error in it. It was devastating for 
Wiles to contemplate the idea that he had not, in fact, 
solved Fermat’s Last Theorem. He set to work trying to 

fix the issue, enlisting one of his former students, Rich-
ard Taylor, to help him with the task. After a year’s work, 
Wiles found a way to correct the error. “I had this incred-
ible revelation,” a tearful Wiles told a BBC documentary. 
“It was the most important moment of my working life.”

Not only is it rare to announce the proof of a famous 
theorem, but it is also extremely unusual to go back and 
fix an error like this because of the mental exhaustion 
from trying it the first time around. No gaps were found 
in the revised proof, and it was published in Annals of 
Mathematics in 1995, with the title “Modular elliptic 

curves and Fermat’s Last Theorem”. As well as the atten-
tion of the global media, Wiles received many awards. 
They include the Rolf Schock Prize, the Ostrowski Prize, 
the Wolf Prize, the Royal Medal of the Royal Society, the 
US National Academy of Science’s Award in Mathematics, 
and the Shaw Prize. The International Mathematical Union 
presented him with a silver plaque, the only time they 
have ever done so. He was awarded the inaugural Clay 

Research Award. In 2000 he was given a knighthood. He 
is a Fellow of the Royal Society and a foreign member of 
the US National Academy of Sciences and of the French 
Academy of Sciences.
About the Prize
The Niels Henrik Abel Memorial Fund was established in 
2002 to award the Abel Prize for outstanding scientific 
work in the field of mathematics. The prize is awarded by 
the Norwegian Academy of Science and Letters, and the 
choice of Abel Laureate is based on the recommendation 
of the Abel Committee. The Abel Committee itself consists 
of five internationally recognized research scientists in the 
field of mathematics. The Committee is appointed for a 
period of two years. The 2015/2016 Abel Committee is: 

•Luigi Ambrosio

•Rahul Pandharipande

•John Rognes (Chair)

•Marta Sanz-Solé

•Éva Tardos

Previous recipients of the Abel Prize are: 
• Jean-Pierre Serre (2003) 
• Michael Atiyah and I. M. Singer (2004) 
• Peter Lax (2005) 
• Lennart Carleson (2006) 
• S. R. S. Varadhan (2007) 
• John G. Thompson and Jacques Tits (2008) 
• Mikhail L. Gromov (2009) 
• John Tate (2010) 
• John Milnor (2011) 
• Endre Szemerédi (2012) 
• Pierre Deligne (2013) 
• Yakov Sinai (2014) 
• John F. Nash Jr. and Louis Nirenberg (2015). 

Congratulations from AMS President Robert Bryant
“On behalf of the American Mathematical Society, it 
is a great pleasure to congratulate Sir Andrew Wiles, 
recipient of the 2016 Abel Prize. 

Professor Wiles’ astonishing breakthroughs in 
number theory, paving the way for establishing the 
Modularity Conjecture of Shimura, Taniyama, and Weil, 
have not only led to a new era in the theory of elliptic 
curves but have solved long-standing famous problems, 
such as Fermat's Last Theorem, and inspired some of 
the most remarkable advances in mathematics in the 
last one hundred years. 

Dr. Wiles’ fundamental work in number theory has 
implications far beyond its deep consequences in pure 
mathematics, deepening our understanding of some of 
the most fundamental algorithms that underlie commu-
nications in our modern world and providing enormous 
benefits to our society and our world.”

 
—Robert Bryant, AMS President

The President of the Norwegian Academy of Science and 
Letters announces the winner of the 2016 Abel Prize.
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Wiles in the Notices
Ever since Wiles announced his proof of Fermat's 

Last Theorem in 1993, Notices has published a variety 
of articles about what was one of the most dramatic 
events in mathematics in the 20th century.

Below is a list of selected pieces that have appeared 
in Notices:

July/August 1993: Wiles Proves Taniyama's Con-
jecture; Fermat's Last Theorem Follows, by Kenneth 
A. Ribet. https://math.berkeley.edu/~ribet/
Articles/notices.pdf

October 1993: Fermat Fest Draws a Crowd, by Allyn 
Jackson. 

October 1994: Another Step Toward Fermat, by Allyn 
Jackson www.ams.org/notices/199501/rubin.pdf

July 1995: The Proof of Fermat’s Last Theorem by R. 
Taylor and A. Wiles, by Gerd Faltings www.ams.org/
notices/199507/faltings.pdf

Ju ly  1996 :  Wi l e s  Rece i ve s  NAS  Award  
in Mathematics, by John Coates www.ams.org/ 
notices/199607/comm-wiles.pdf

January 1997: Review of BBC's Horizon Program, "Fer-
mat's Last Theorem," reviewed by Andrew Granville 
www.ams.org/notices/199701/comm-granville.
pdf

March 1997: Announcement: 1997 Cole Prize www.
ams.org/notices/199703/comm-cole.pdf

November 1997: Paul Wolfskehl and the Wolf-
skehl Prize, by Klaus Barner www.ams.org/no-
tices/199710/barner.pdf

November 1997: Book Review: Fermat's Enigma by 
Simon Singh, reviewed by Allyn Jackson. www.ams.
org/notices/199710/comm-fermat.pdf

December 1999: Research News: A Proof of the Full 
Shimura-Taniyama-Weil Conjecture Is Announced, by
Henri Darmon www.ams.org/notices/199911/
comm-darmon.pdf

December 2001: Theater Review: Fermat's Last Tango, 
reviewed by Robert Osserman
www.ams.org/notices/200111/rev-osserman.pdf

September 2005: Wiles Receives 2005 Shaw Prize, 
by Allyn Jackson www.ams.org/notices/200508/
comm-shaw.pdf

Let Your  
Voice  
Be Heard! 
Do you enjoy what 
you’re reading in the 
Notices?

Would you like to 
see an article on a 
certain topic? Person? 
Situation?

Then we want to hear from 
you. Use our Notices Online 
Commentary Feature to post 
your general comments and 
suggestions: 

www.ams.org/notices

AmericAn mAthemAticAl Society
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About the June/July Cover

Combinatorics, Geometry,
and Tensors
The cover image is what Bernd Sturmfels calls an ‘invitation’
to his article “Tensors and Their Eigenvectors,” which ap-
pears on page 604 of this issue. It illustrates the singularities
of an especially symmetric tensor T . Sturmfels comments:

“The spectral theory of tensors is a fascinating topic at
the interface of pure and applied mathematics. This is an
area where data science comes in contact with algebraic ge-
ometry. There are lots of problems for students to work on.

The cover image illustrates the concept of singular values
and singular vectors for tensors of format 3 × 3 × 2 × 2. A
general such tensor has 98 singular vector tuples, according
to the Friedland-Ottaviani Formula mentioned in my article.
These are the fixed points of the gradient map.

However, when the tensor is orthogonally decomposable,
something special happens. Such an ‘odeco’ tensor of format
3× 3× 2× 2 can be written as T = x1y1z1w1 + x2y2z2w2.

The singular vector tuples of T form an algebraic variety
in the product of four projective spaces P2 × P2 × P1 × P1.
Its points (x, y, z,w) satisfy the constraint that each of the
following four matrices has rank 1:(

x1 x2 x3

y1z1w1 y2z2w2 0

)
,
(

y1 y2 y3

x1z1w1 x2z2w2 0

)
,(

z1 z2

x1y1w1 x2y2w2

)
,
(

w1 w2

x1y1z1 x2y2z2

)
.

The special tensor T has only 18 instead of 98 isolated sin-
gular vector tuples. Two of them correspond to the two
summands xiyiziwi . The other 16 fixed points of ∇T have
the form

(
(a:1:0), (b:1:0), (c:1), (d:1)

)
. Eight of these are

real, given by the vectors (a, b, c, d) ∈ {−1,1}4 with abcd =
1, and eight are complex, given by the vectors (a, b, c, d) ∈
{−i, i}4 with abcd = −1.

The other 80 isolated fixed points disappear for the or-
thogonally decomposable tensor T . These are replaced by
an entire surface, solutions to a system of equations:

y1z1w1 = y2z2w2 = x1z1w1 = x2z2w2 =
x1y1w1 = x2y2w2 = x1y1z1 = x2y2z2 = 0.

Our picture is a visualization of the set of solutions to
these equations. This set is a surface in the six-dimensional
ambient space P2 × P2 × P1 × P1. We highlight the com-
binatorial structure of that surface. The four edge colors
(green, blue, red, and yellow) represent the four factors of
the product of projective spaces. The surface has 19 irre-
ducible components, four projective planes P2, drawn as
monochromatic triangles, and 15 surfaces P1 × P1, drawn
as bichromatic squares. Understanding such polyhedral pic-
tures gives insights for best rank 1 approximations of spe-
cial tensors.

The polyhedral surface cannot be realized without self-
intersections in 3-space. Two of the vertices of the central

yellow-red square have the non-planar graph K3,3 for their
link. In our drawing each of the two green triangles inter-
sects a blue triangle in the interior.”

The cover image was created by Thilo Rörig, who works at
the CRC (Collaborative Research Center) for Discretization
in Geometry and Dynamics at Technical University–Berlin.
The mathematics behind the cover imagery can be found in
the arXiv article “Singular Vectors of Orthogonally Decom-
posable Tensors” by Elina Robeva, a postdoctoral fellow at
the Massachusetts Institute of Technology, and Anna Seigal,
a PhD student at UC Berkeley. Thilo Rörig used the program
Blender™ to produce the image from a hand sketch made
by Seigal and Sturmfels. Rörig tells us:

“I’ve been working in discrete geometry during my PhD
and have since been developing and using the software
package polymake for the computation and visualization
of polyhedral objects. The visualization aspects of poly-
make became one of my passions and I’ve implemented
different back ends for the production of high-quality illus-
trations. The first images and small films were produced
using PovRay. The files are easy-to-produce plain text files
and give full control over the geometry, which is essential
for mathematical visualizations. But an interactive modifi-
cation of the 3D-scenes was not possible, hence I’ve moved
on to use Blender for high-quality rendering.

Blender is a free and open source 3D creation and ren-
dering suite. It has an integrated scripting interface imple-
mented in the programming language Python™. This makes
it easy to use some of the extensive Python libraries and to
create your own add-ons for special tasks.

The geometric primitives include meshes as well as
curves and surfaces. Once the basic geometry is set up,
Blender allows you to manipulate texture, viewpoint,
lighting, and environment to create very high-quality il-
lustrations (both still images and films) of mathematical
objects.

What I like most about it is that it is a really free project
similar to PovRay, which is also used by some mathemati-
cians, and that it allows full control over the geometry via
the Python scripting interface. Once I got used to this inter-
face, I started really to enjoy the wealth of possibilities on
offer.”

The home pages of the Blender project and of polymake
are https://www.blender.org/

https://www.polymake.org/

—Bill Casselman
Graphics Editor

notices-covers@ams.org
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AMS President Robert Bryant: 
His Early Life and His Views on 
Mathematics
Allyn Jackson 

Allyn Jackson is senior writer and deputy editor of the Notices.  
Her email address is axj@ams.org.

For permission to reprint this article, please contact:
reprint-permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1393
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Robert Bryant admits “As a kid I hated arithmetic—it was boring and repetitive.” Above, at age four, Robert sits at 
his mother's feet eating a peppermint stick. Also in this 1958 photo are his father and three brothers.
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Pleasure in Concentrated Work
Notices: Why do you do mathematics?

Bryant: I just enjoy understanding things. I really love 
a good question. In mathematics, you can sometimes 
have the satisfaction of being able to answer a question  
completely, but often just getting a better appreciation 
of the problem is a sufficient pleasure to motivate me 
to keep going. Why is it pleasurable for me and not for 
somebody else? I really don’t know. A lot of people enjoy 
puzzles, and that’s similar in some way. But mathematics, 

as well as science, requires 
a more sustained interest. 
There is pleasure in experi-
encing deep concentration 
on something and feeling 
it become clearer the more 
you concentrate on it. There 
can be frustration too, but 
for me the pleasure out-
weighs anything else.

Another group of people 
I see who seem to have that 
same kind of drive, where 
they intensely think about 
something, are musicians. I 

think there is some similarity between the experience of 
working on music and doing mathematics. In both of them, 
there is an intense study part of it and a performance 
part. In mathematics, the performance part is giving a 
lecture in a classroom or to colleagues, where you try to 
convey your best understanding and communicate at the 
appropriate level to describe why the work is interesting 
and what you see in it.

People say that mathematics is logical, but the logical 
aspect is only part of it. Mathematicians usually don’t 
proceed logically. They make guesses, see patterns, do 
experiments, develop beliefs. Almost nothing in that pro-
cess is purely logical. I liked the book by Cédric Villani, 
Birth of a Theorem, where he describes the experience 
of wandering around in the dark, seeing the light, seeing 
things come together after a lot of effort. Why it is spe-
cifically mathematics and not something else that brings 
concentration like that for me is hard to say.

Chemistry Fascinating, Math Even More So
Science requires a similar kind of concentration. In high 
school I was always interested in science, especially 
chemistry. I learned a lot of mathematics as a kid, but in 
high school I drifted because there was no one around 
who knew what the next step in mathematics was. But I 
had a really good chemistry teacher, and I thought I’d be 
a chemist because I found it so fascinating.

Notices: Why didn’t you?
Bryant: Well, eventually, I found mathematics more in-

teresting, but it took a while. As a kid I hated arithmetic—it 
was boring and repetitive. Learning to do long division 
by hand with 3-digit numbers, for example—I just didn’t 
see the point. I grew up in a small farming community in 
North Carolina, and I had an uncle who went to college 
(the first in our family), but then he dropped out and went 

into the navy, leaving his college textbooks at my grand-
mother’s house. I was curious, so I looked at the books, 
and there was one on calculus. (There was one on organic 
chemistry, too, and I nearly wore that out reading it, but 
that’s another story.) I couldn’t understand it, but I liked 
the pictures. I could read the word problems, and there 
was one about the largest cylinder inscribed in a sphere. 
I remember thinking: “There are infinitely many cylinders 
you could inscribe in a sphere. How could you possibly 
find the biggest one?” I could not really understand the 
calculus book because I had not had algebra, but my uncle 
had also left behind a college algebra text. So I started on 
that; I went through it and worked all the exercises. I was 
in the eighth grade by then.

I was one of six kids in our family—that’s not terribly 
big for a farming family. I went to a school with all twelve 
grades, so I graduated high school with essentially the 
same thirty-two kids I started with in the first grade. This 
was typical in Harnett County, North Carolina, where I 
grew up. At that time, the largest high school in the county 
had about one hundred in its graduating class. Our school 
was one of the smaller ones. It was a good environment 
in many ways, very secure and safe. All the teachers knew 
us, our siblings, and our families. But they weren’t up on 
the new educational trends. There was no calculus in our 
high school. The math courses were Algebra I, Algebra II,  
Geometry, and something called Advanced Math (some 
probability and statistics, complex numbers, etc.); Geome-
try and Advanced Math were only taught in alternate years. 
The mathematical opportunities were few, but I worked 
through my uncle’s calculus book and then through a book 
on vector calculus that was in our high school library. My 
teachers really didn’t know what was next, so I mostly just 

In math and 
music, “there 
is an intense 

study part and 
a performance 

part.”
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All six children in the Bryant family are dressed for 
church in 1964. Robert, second from the left, wears a 
red bow tie.
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did a lot of calculus problems in high school, and that was 
what I thought mathematics was.

At one point we got a new science teacher with a de-
gree in chemistry. He was an exciting guy, and I got really 
interested in chemistry. I thought that was where the hot 
problems were. You could see chemistry doing things in 
the world. Right up to my senior year, I was interested in 
chemistry.

In my senior year I met a (now long retired) math 
professor from nearby Campbell College (now Campbell 
University). We fell to talking, and he asked, “So, you will 
major in mathematics, right?” I said, “No, chemistry.”And 
he said, “Why not math?”, and I said, “Well, I know all 
that.” (I had thought I did, because I had learned calcu-
lus.) He laughed and said he would lend me some books, 
and that dispelled that notion pretty quickly. They were 
books on various things—graph theory, linear algebra, 
PDEs [partial differential equations], complex variables, 
elementary number theory, and so on. They opened my 
eyes to the fact that there was really a lot more interesting 
mathematics to learn. 

Life on the Farm
Notices: What kind of farm 
work did you do?

Bryant: Different things, 
depending on the season. We 
grew tobacco, which was the 
main cash crop in our part of 
the state. We had the usual 
cows, pigs, and chickens for 
home consumption, and we 
grew a lot of our own food as 
well as food for the animals. 
Then my father realized that 
there was a shortage of veg-

etable farms and that he could fill a niche with what we 
called “truck crops.” So, in addition to tobacco, we grew 
vegetables—cucumbers, squash, pepper, cabbage, etc.—
and we would sell them at farmers’ markets. That was 
economically a big plus for us; we were eventually able to 
save enough to build a new house. (Our old house had no 
insulation, and we heated only two rooms in the winter.)

There was no summer vacation. When I was in college 
and graduate school, I went home during the summer to 
farm. I was an undergraduate at North Carolina State Uni-
versity and a graduate student at the University of North 
Carolina at Chapel Hill, so I was not far away. Our family 
needed the labor.

Notices: What was your undergraduate education like?
Bryant: I knew very little about college when I started 

at NC State; it was really an alien world to me. My uncle 
was the first in our extended family to go to college, but, 
as I said, he did not finish. The first to get a bachelor’s 
degree was my older brother, who became a talented high 
school math teacher.

When I was at NC State, I had a great undergraduate 
adviser, Kwangil Koh, originally from Korea. He took me 
under his wing and understood that I needed a lot of guid-
ance, even though I seemed to know a lot of mathematics 

already. I’d placed out of a lot of classes, including the 
entire calculus sequence, plus the first chemistry and 
physics classes, so I graduated in three years by taking 
an overload every semester. Dr. Koh took my unusual 
background into account and gave me a lot of good advice 
about what courses to take. 

When it came time to finish my bachelor’s degree in 
math, Dr. Koh said, “Of course you will go to graduate 
school.” I said okay, not really knowing what graduate 
school was, though some people had told me that the 
best place to go for mathematics was Harvard. Dr. Koh 
was convinced I’d get into Harvard, and so I didn’t apply 
anywhere else (partly because I didn’t want to “waste” my 
money on the graduate application fees). Well, I didn’t get 
into Harvard. When I went to Dr. Koh’s office to tell him 
this, he was shocked. “Well, where else did you apply?” he 
asked. I told him I hadn’t applied anywhere else. I said, “I 
guess I’ll go home and farm.” He said, “You are not going 
to go home and farm!” So he took me that week, or maybe 
even the very next day, over to UNC. It was March, and all 
the applications to graduate school had been read, the of-
fers made, and all of the financial aid had been given out. 
But he begged them to take me as a graduate student. And 
they did, just on his personal recommendation. I hadn’t 
even taken the GRE, because Harvard did not require it 
(again, a cost-saving measure on my part).

Kids from families that are not tied into how higher 
education works still run into these kinds of problems. 
One thing I think is great about the Math Alliance1 is that 
it not only reaches out to underrepresented minorities 
but also to first-generation-to-college kids who are in the 
kind of situation I was. Without such programs, a lot of 
talent would be missed. So I’m glad the AMS is involved 

In college 
and graduate 
school, I went 
home during 

the summer to 
farm.
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In March 2008, Robert Bryant (standing, third from 
left) visited the Nigerian Mathematics Center with 
Phillip Griffiths (center).

1
The Math Alliance is a national organization whose goal is to 

ensure that underrepresented or underserved American students 
having the talent and the ambition to earn a doctoral degree 
in the mathematical sciences have the opportunity to do so. See 
mathalliance.org.
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in supporting the Math 
Alliance.

When I started grad-
uate school, I thought I 
would do analytic num-
ber theory. I like num-
ber theory a lot. But 
shortly after I arrived, I 
met the professor who 
would be my thesis ad-
viser, Robert Gardner. 
He was a student of S.-S. 
Chern, so I am a “math-

ematical grandchild” of Chern. I had an excellent first-year 
course in differential geometry from Pat Eberlein, but 
under Robby Gardner I began to study Chern’s work on 
minimal manifolds and minimal surfaces, and that’s what 
really drew me into geometry.

Notices: Does number theory still have a place in your 
heart?

Bryant: Oh, yes. I’ve taught it only a few times, though. 
It’s a beautiful subject, and I have a lot of fun with it, 
though I certainly wouldn’t flatter myself that I could do 
research in it. To get to the forefront of an area, you have 
to have learned a lot about it and about the shape of the 
research boundary.

Mathematical Heroes
Notices: Who are your mathematical heroes?

Bryant: One is S.-S. Chern, of course. He had a huge 
influence on me. After I finished my thesis, he took an 
interest in it and in me, but, then, he was always encourag-
ing to an enormous cohort of young people.

In my next to last year in graduate school (1978), Robby 
Gardner took me along with him to Berkeley, where he 
spent a sabbatical semester. It was my first time to Cali-
fornia, and the first time I had spent any significant time 
outside of North Carolina. That was where I met Chern. 

Chern shared his insights into the work of Élie Cartan, 
which Robby had introduced me to. The mathematician 
who absolutely has had the most influence on me is 
Cartan, though of course I never met him. But through 
Chern, who was Cartan’s postdoc, I had a lot of exposure 
to Cartan’s ideas in geometry and differential equations. 
I read a lot of Cartan’s works—in fact, by now I have read 
all of them. A lot of the things he found interesting I find 
interesting too, and the work of his students was also 
attractive to me.

When I finished my degree, I got an NSF [National Sci-
ence Foundation] postdoc and was at the Institute for 
Advanced Study during 1979–80, with Jack Milnor as my 
mentor. That was a special year in differential geometry 
at the IAS. S.-T. Yau, Rick Schoen, Karen Uhlenbeck, Leon 
Simon, Eugenio Calabi, and Jean-Pierre Bourguignon were 
all there, so it was a fantastic experience for a fresh PhD 
in geometry.

The other person who profoundly influenced me is 
Phillip Griffiths. Phillip’s first job was at Berkeley, where 
he met Chern, and in this way he too was influenced by 
Cartan’s viewpoint. Chern introduced the two of us in 

1979, and Phillip and I started to work and publish to-
gether almost immediately after we met. It has been an 
incredible privilege to work with him. I’ve written more 
papers with Phillip than with anyone else. I have been very 
much influenced by his way of seeing all kinds of things 
from a geometric viewpoint.

I got my first tenure-track job in 1979 at Rice Univer-
sity, which was a wonderful environment. Reese Harvey 
was there, working on minimal manifolds, differential 
geometry, and the relationship between geometry and 
differential equations; he had a big influence on me. 
Through studying the work he did on calibrations with 
another great geometer, Blaine Lawson, I got interested 
in Riemannian holonomy, which has strongly influenced 
a lot of my later work.

Reading Élie Cartan
Notices: Is it true that Cartan’s work is rather hard to read? 
That his notation is very difficult?

Bryant: His notation is a little different, but that’s not 
where the difficulty lies. It’s also not the French; his French 
is elegant, clear, and precise, though it can be hard to 
translate. (I was lucky that I had taken a couple of years 
of high school French and then another couple of French 
courses in college, so the language wasn’t a barrier for me.)

What is very different about Cartan’s work is that it 
is written in a style of mathematics uninfluenced by set 
theory. There is no “set notation” in Cartan’s writing and 
very few formal definitions. He seemed to think of objects 
as being “subject to” rules rather than being “defined by” 
them. Instead of saying “Consider a map” or “Consider a 
domain,” he would say, “Consider a point depending on 
some parameters.” He almost never defined anything as a 
set, including domains and ranges for functions! He would 
talk about “primary variables” and “auxiliary variables” 
instead of the base and fiber of a fiber bundle. He doesn’t 
give what we would consider to be a formal definition of 
differential forms. He describes the rules for calculating 
with them and how he thought about them—it’s an almost 
physical sense of particles moving and interacting. Today 
we expect Bourbaki-ish presentations, with definition- 
example-proposition-theorem. You don’t see that very 
much in Cartan. He was also not wedded to expressing 
things in formulae when he could just explain how he 
was thinking. He has some short papers with no displayed 
equations at all. When we read Cartan, we are looking 
back into a time before set theory took over and getting 
a glimpse of how ninteenth-century mathematicians 
thought. 

Cartan was very much a nineteenth-century mathemati-
cian in that sense, and he expected you to be able to do 
“routine” calculations on your own. Robby Gardner said 
he once was reading a paper by Cartan that said, “After a 
calculation that is long but not difficult…” and then gave 
a page of formulas. Robby worked out the calculations, 
and they took him more than thirty pages! Cartan was not 
being mean in doing this. He just felt he was telling you 
only the important things.

The 
mathematician 

who had the most 
influence on me is 

Élie Cartan.
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There are a number of other bright spots. I have  
really enjoyed collaborating with Phillip Griffiths on the 
geometry of conservation laws for PDEs. That has been 
a lot of fun and remains an area of continuing interest 
for me. 

Notices: What mathematical result do you look at and 
say, “That’s great, but how did they do it? I never would 
have thought of it”?

Bryant: Oh yes, for me there are lots of those, too 
many to list. I remember when Terry Tao and Ben Green 
did their work on arithmetic progressions of primes, I 
was really intrigued. (Fermat’s Last Theorem was a great 
breakthrough, too, but you have to be a number theorist 
to understand the technical details.) The work by Tao and 
Green was really new and imaginative, and the ideas could 
be explained without a lot of technical details. I delved into 
the proof, and it was full of things like that, where I would 
say, “I would never think of that!” But then, this was work 
by brilliant people. Maybe it’s not so surprising that you 
would wonder how you could ever think of those things!

Even in differential geometry (my area), there are so 
many papers with startling results that I wouldn’t have 
time to make a representative list. I have the “How did 
they ever think of this?” reaction all the time. But it’s part 
of what keeps our love of mathematics new, that we get 
these wonderful surprises and that we can reshape our 
own thinking to take them in. I always think of that great 
line that was in the “About” box for HyperCard: “A day 
of acquaintance and then the longer span of custom, but 
first—the hour of astonishment.” That’s the way I feel 
about mathematics.

The Math Community, Then and Now
Notices: What changes have you seen in the mathematical 
community since you finished your PhD more than thirty-
five years ago in 1979?

Bryant: The mathematical community does look dif-
ferent to me now from when I was a postdoc, but then 
my vantage point is so different. One thing is that the 

Mathematical Favorites
Notices: Which of your mathematical results are you most 
fond of?

Bryant: If you asked others, they would probably say 
the proof of the existence of Riemannian manifolds with 
special holonomy, which was my first major result, in the 
early 1980s, and something that had been unresolved 
since Berger’s original work on holonomy in the 1950s. It 
is a beautiful subject, and I had a lot of fun with it. It was 
certainly a high point in my career.

My interest in holonomy groups came out of a question 
raised in talks with Reese Harvey. He and Blaine Lawson 
had developed the theory of calibrations—a different cali-
bration theory for each holonomy in Riemannian geome-
try. When Berger classified holonomy groups in the 1950s, 
there were two that were conjectured but not known to 
exist. I was intrigued, because this was exactly the kind of 
problem that the machinery of overdetermined systems of 
PDEs could handle. I had spent a lot of time learning Car-

tan’s approach to exactly 
this sort of problem, so I 
could figure it out. That 
was my one paper in the 
Annals. It’s a combina-
tion of beautiful excep-
tional geometry, Rieman-
nian geometry, and PDEs.

I worked on it purely 
out of curiosity, and I 
learned a lot about Lie 
groups and other things 
in the course of the proj-
ect, so I really liked it. 

But I didn’t think more than a handful of people would be 
interested, so I was floored when I started getting letters 
from physicists about it. It turned out that these things 
are connected to supersymmetry. String theory, M-theory, 
F-theory—these are theoretical models that might be 
involved in understanding fundamental particle physics. 
All the different string theories could be brought together 
in the subject of special holonomy manifolds and their 
related geometric structures, so lots of physicists and 
mathematicians got interested. A few years after I proved 
their local existence and analyzed their generality, Domi-
nic Joyce proved the existence of compact examples in an 
amazing tour de force of geometric analysis. That stimu-
lated general interest even further, and it seems to still be 
growing. We are now trying to assemble a working group 
to look at special holonomy and string theory. So that’s 
bringing me back to thinking about special holonomy.

 But other results that I think are beautiful are not so 
well known. I worked on exotic holonomy groups and 
found the first example known of an irreducible holonomy 
group that was not in Berger’s list. That had all these beau-
tiful connections with twistor theory, path geometry, and 
a whole lot of other things. I’ve always been really fond 
of that paper from 1988. It took me a whole summer to 
write it, and I learned more writing it than from any other 
paper I wrote on my own.

I was floored 
when I started 
getting letters 
from physicists 

about my paper.
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Bryant (right) and his colleagues Dick Hain (center) 
and Dan Gauthier take a photo break in a day of rock 
climbing in 2006. 
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if, as with many people these days, you go through what 
is a pretty trying period with maybe two or even three 
postdocs before getting a tenure-track job.

It’s hard not to get distracted because we are interested 
in so many different problems! But you need to be able to 
convince people you can see a problem through and that 
you understand it intimately. That’s what people look for 
in accomplishment in mathematics. You have to have the 
stamina for that.

I think we are more collaborative than we used to be, 
which is a good thing. Working with others is wonderful. 
I’ve done a lot of collaborative work, and I think this is the 
way of the future, partly because we can communicate so 
much better. Remember, it used to be a big deal to place 
a long-distance phone call!

I also tell young people, you should get involved in 
your professional society. That might sound self-serving, 
since I’m president of the AMS! But it is important to stay 
connected, and the AMS gives people a way to do so. This 
is especially important for young people who are moving 
around a lot.

Notices: Can you say something about your personal 
life and how it has interacted with your professional life?

Bryant: Sure. They’ve been closely intertwined ever 
since I became a professional mathematician. I suppose 
one of the main ways my life has not been typical, though, 
is that I’m gay, which began noticeably interacting with 
my professional life when I met my partner (and now 
husband), Réymundo Garcia, within a week of moving 
to Houston in 1980 to start my position at Rice. Up until 
that time I had kept my personal life separate from my 
professional life (as was common for gay men then), but 
after meeting Réy and joining the department at Rice, 
that separation quickly faded away. Although Texas, like 
most southern states at that time, criminalized gay men, 
we found the environment at Rice and in the department 
to be very welcoming. In fact, I’m pleased to be able to say 
that we have found the mathematics community in general 
and my colleagues in particular to be fully welcoming and 
supportive throughout my career.

That said, I’m aware that not everyone has had the 
same positive experience we have, and even when our 
environment was personally welcoming, we faced some 
challenges. As many other LGBT [Lesbian, Gay, Bisexual, 
Transgender] folks have found, the lack of official rec-
ognition of their personal relationships can cause real 
difficulties. So, when we moved to Duke in the late 1980s, 
we started working on getting Duke to recognize same-sex 
domestic partners and grant benefits equivalent to those 
for married couples. It took a fair amount of community 
organizing and meetings with the administration, but 
eventually, when, in 1995, Duke started providing same-
sex domestic partner benefits (the first university in the 
South to do so), Réy and I were the first couple to sign up.

Another thing that made me really proud of our 
mathematics community, and the AMS and the MAA 
[Mathematical Association of America] in particular, came 
when Colorado passed Amendment 2 in 1992, a regres-
sive measure that essentially outlawed ordinances that 
would protect LGBT people against discrimination. In 

community seems a lot 
larger. My impression 
is that a lot more is 
published now. When I 
was a graduate student  
and Quillen solved the 
Serre conjecture, how 
did it get transmitted? 
Paper copies got passed 
around, and people 
organized seminars 
about the work. At each 
school people would at-

tend the seminar, talk about the paper, stop each other in 
the hallway later and chat, and say, “I just realized this.…” 
There was more of that then. It felt more intimate. Now, 
so much new material appears every day on the arXiv that 
people feel overwhelmed. You and one other person in the 
department might study a paper, but there don’t seem to 
be working seminars as we used to have, with concentra-
tion on a single subject or result. Also, it seems we have 
become more narrow. There are more people covering the 
ground, so each person covers a smaller piece of ground.

There are now 1,500 PhDs a year in the US, and a smaller 
percentage go into or stay in academia. Graduate students 
have more job opportunities outside academia, and the 
number of tenure-track jobs has not kept pace with the 
number of PhDs. When we were young, we thought doing 
research in mathematics was the ultimate goal. That’s not 
so much the thinking today. There is more awareness of 
the connection of mathematics to other things.

Notices: What advice would you give young people com-
ing into mathematics today?

Bryant: You want to stay as broad as you can while 
you find out what you are really passionate about. It is 
hard to develop the skill and knowledge to know what’s 
possible and what makes sense to tackle. But it’s got to be 
something you are passionate about, something you will 
sit up nights thinking about. That’s what will sustain you 

Bryant (second from right) in a working session with 
his former students Chris Moseley, Jeanne Clelland, 
and Thomas Ivey, as well as Bryant's colleague George 
Wilkens of the University of Hawaii.
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Stay as broad as 
you can while 

you find out what 
you are really 

passionate about.
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Epilogue
In the months since this interview took place, a number of 
states, including North Carolina, have taken up or passed 
legislation of a similar discriminatory nature to Colorado’s 
Amendment 2. President Bryant deplores these develop-
ments and is proud to call attention to and to support the 
AMS’ continuing policy of maintaining an environment 
that encourages, welcomes, and includes diversity in all 
of its meetings and functions.

response, the AMS and MAA voted to move the 1995 
Joint Mathematics Meetings from Denver, where it had 
been scheduled to be held, to San Francisco. That show 
of support and concern was literally an inspiration for a 
group of us to put together the first reception for LGBT 
attendees at the Joint Meetings in San Francisco. Now, 
twenty-one years later, the tradition of this reception is 
still going on. The social events and networking at the JMM 
are often accompanied by fora and sessions in which we 
talk about how to deal with nonsupportive environments 
for LGBT folk. These events supply valuable information 
and support, particularly to young people who are just 
starting their professional careers in mathematics and are 

unsure how welcoming 
the community is. 

While things have im-
proved dramatically in 
the past thirty-five years, 
we ought to keep in mind 
that it’s still a big step 
for many people with 
nontraditional identi-
ties to be open about 
their personal lives in 
a professional setting. 
That’s one reason it’s so 

important that the AMS and MAA have statements remind-
ing us all to continue to think about how we can provide 
supportive, safe, and welcoming environments for the 
increasingly diverse world of mathematicians of all kinds.

It’s seeing how our mathematical organizations have 
been a force for good in these and many other ways that 
has made me glad and proud to serve in the various roles 
I’ve had in the AMS and MAA. I’m very grateful for the 
kindness and trust that my colleagues have placed in me 
in asking me to serve and for the amazing generosity that 
so many have shown, giving their time and talents to serve 
our community. 

Robert (right) and Réy visiting Puerto Montt, Chile, in 
2014.
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The mathematics 
community 

has been fully 
welcoming and 

supportive.
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The mathematics profession in the 

United States was quite different 

one hundred years ago—or was it?
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Society Governance
The American Mathematical Society has a bicameral governance structure consisting of the Council (created when 
the Society’s constitution was ratified in December 1889) and the Board of Trustees (created when the Society was 
incorporated in May 1923).  These bodies have the ultimate responsibility and authority for representing the AMS 
membership and the broader mathematical community, determining how the AMS can best serve their collective 
needs, and formulating and approving policies to address these needs. The governing bodies determine what the 
Society does and the general framework for how it utilizes its volunteer, staff, and financial resources.

The Governance Leadership consists of the Officers (President, three Vice Presidents, Secretary, four Associate Secre-
taries, Treasurer, and Associate Treasurer), the Council, Executive Committee of the Council, and Board of Trustees.

The Council formulates and administers the scientific policies of the Society and acts in an advisory capacity to 
the Board of Trustees.  Council Meetings are held twice a year (January and the spring). 

The Board of Trustees receives and administers the funds of the Society, has full legal control of its investments 
and properties, and conducts all business affairs of the Society.  The Trustees meet jointly with the Executive Com-
mittee of the Council twice a year (May and November) at ECBT Meetings.

The Council and Board of Trustees are advised by nearly 100 Committees, including five Policy Committees (Edu-
cation, Meetings and Conferences, Profession, Publications, and Science Policy) and over 20 Editorial Committees 
for the various journals and books it publishes. 

The Council and Board of Trustees are also advised by the Executive Director and the Executive Staff, who are 
responsible for seeing that governance decisions are implemented by the Society's 210 staff members. 

Learn more at www.ams.org/about-us/governance.
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  Jesús A. De Loera (1 Mar 2015 – 28 Feb 2019)
  Tara S. Holm (1 Mar 2013 – 28 Feb 2017)
  Kenneth A. Ribet, ex officio—President Elect
  Carla D. Savage, ex officio—Secretary
  Jennifer Taback Pietraho (1 Feb 2016 – 28 Feb 2018)

2016 Trustees  
  Robert L. Bryant, ex officio —President
  Ruth M. Charney (1 Feb 2012 – 31 Jan 2017)
  Jane M. Hawkins, ex officio—Treasurer
  Bryna Kra (1 Feb 2016 – 31 Jan 2021)
  Robert K. Lazarsfeld (1 Feb 2014 – 31 Jan 2019)
  Zbigniew H. Nitecki, ex officio—Associate Treasurer
  Joseph H. Silverman (1 Feb 2015 – 31 Jan 2020)
  Karen Vogtmann (1 Feb 2008 – 31 Jan 2018)

  

AMS Governance

http://www.ams.org/about-us/governance


LETTERS TO THE EDITOR

learning or about faculty develop-
ment, the answers are not simple. 
Most, but not all, of the statements 
and conclusions in the article are 
well-supported. A few are at odds 
with other publications or did not 
take into account the wider literature 
on faculty development. 

The article suggests that a lot 
of money has been spent training 
mathematicians to use new curricula 
and pedagogies, yet Common Vi-
sion (www.maa.org/sites/default/
files/pdf/CommonVisionFinal.
pdf) published in 2014 by the MAA 
[Mathematical Association of Amer-
ica] states: “Higher education as an 
industry invests little in the develop-
ment of its front-line instructional 
staff” (p. 22).

While it is true that there has been 
little research on why only some 
mathematicians adopt reforms, this 
question has been studied for faculty 
in STEM and across all disciplines. For 
their survey of abstract algebra in-
structors, the authors adapted ques-
tions from Henderson and Dancy’s 
2009 physics education survey but 
failed to take into account Henderson 
and Dancy’s more recent work [2] 
investigating which approaches to 
encouraging the adoption of new ped-
agogies are more effective than oth-
ers (https://www.nae.edu/File.
aspx?id=36304).  In fact, several 
of the authors’ findings align with 
Henderson and Dancy’s, namely that 
discussions with colleagues have a 
significant influence and that instruc-
tors are more likely to use materials 
that they themselves developed (or 
modified). 

In future explorations of the issues 
raised in this article, I recommend 
that researchers look to the wider 
literature for ideas and findings. For 
example, even holding the belief that 
teaching skill is relatively unchange-
able (a great-teachers-are-born-not-
made view) as opposed to something 
that can be developed may inhibit 
a faculty member’s participation in 
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What is Excellence in Teaching?
Seven years ago, under the leadership 
of President E. Gordon Gee, the Ohio 
State University was moving “from 
excellence to eminence.” Now the 
OSU Administration tells prospec-
tive students and their parents that: 
“Ohio State Newark offers the best of 
the Big Ten educational experience, 
access to a rich research heritage and 
academic excellence…”

This claim hovers between self-
deceiving illusion and psycho-path-
alogical fiction. In real life at OSU 
Newark, the failure rate in mathemat-
ics classes is often over 40 percent. At 
the main OSU campus in Columbus, 
the failure rate in first-year math 
classes is around 20 percent, which 
is hardly “academic excellence” or 
“teaching excellence” either.

But the OSU Administration wants 
to make this excellence “inclusive”; 
i.e., presumably it wants to make the 
failure rate of 20–40 percent univer-
sal in undergraduate classes across 
all colleges and campuses.

Do Ohio and US taxpayers have to 
bankroll this excellence?

 
—Boris Mityagin

Fellow of the American 
Mathematical Society

Upper Arlington, Ohio
boris.mityagin@gmail.com

(Received February 6, 2016)

Improving Math Teaching
In their March 2016 Notices article, 
“Can Math Education Research Im-
prove the Teaching of Abstract Alge-
bra?”, Tim Fukawa-Connelly, Estrella 
Johnson, and Rachel Keller discuss 
their study that sought to understand 
the “barriers between pedagogical 
researchers’ findings and recom-
mendations and practitioners who 
might implement them” (p. 276). This 
is an important question across the  
entirety of undergraduate mathemat-
ics instruction. And like most ques-
tions about mathematics teaching/

professional development of teach- 
ing [3, 4], much as the belief that 
mathematical talent is innate rather 
than malleable can hold students 
back in mathematics [1].
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Response to Dewar
Dewar raised interesting points in her 
letter, and we are eager to continue 
the conversation generated by our 
article. Here we discuss her three 
main points.

Dewar questioned our claim that 
there has been a “significant amount 
of time, money, and energy spent 
developing, testing, promoting, and 
training mathematicians to use new 
curricula and pedagogies” [p. 280] 
by citing that “higher education as 
an industry invests little in the de-
velopment of its front-line instruc-
tional staff” [1, p. 22]. We disagree. 
The NSF’s Improving Undergradu-
ate STEM Education (IUSE) project 
invested over US$31 million for  
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improving undergraduate mathemat-
ics education [3]; the mathematics 
professional societies sponsor faculty 
development programs (e.g., Math-
ematical Association of America’s 
Project NExT); and communities like 
the Academy of Inquiry-Based Learn-
ing provide grants and professional 
development. Even restricting our 
focus to departmental financial sup-
port, only 19 percent of our respon-
dents reported that their department 
would not provide financial support 
for professional development. 

Dewar’s suggestion to consider 
more research on the propagation 
of educational innovations has been 
noted. This work did inform parts 
of our survey; however, due to word 
limits and audience considerations, 
we chose not to discuss that in this 
paper. In future articles, we will bet-
ter relate our work to the broader 
research on STEM education and pro-
vide more information on the survey 
development. For instance, our deci-
sion to ask questions regarding be-
liefs was reinforced by findings from 
Henderson, Beach, and Finkelstein’s 
[4] meta-analysis; furthermore, our 
decision to question instructors on 
who/what influenced their pedagogi-
cal decision-making was in response 
to Henderson’s 2015 plenary [5].

Finally, while we did consider 
whether teachers ascribe a fixed or 
growth mindset [6] view towards 
their students (e.g., “I believe all 
students can learn advanced math-
ematics”), we had not considered 
the mindset teachers hold regarding 
their own practice. This is a very nice 
suggestion, one that we will certainly 
consider, along with reference [3] in 
Dewar’s letter, when designing and 
analyzing future surveys. 

We look forward to further discus-
sions with the mathematics commu-
nity about the teaching and learning 
of mathematics in general and ab-
stract algebra in particular.

References
[1] K. Saxe and L. Braddy, A Common

Vision for Undergraduate Mathe-
matical Science Programs in 2025,
(2015) Retrieved from www.maa.
org/sites/default/files/pdf/
CommonVisionFinal.pdf

[2] National Science Foundation,
Improving Undergraduate STEM Ed-

http://tinyurl.com/hlrf8pc
http://www.maa.org/sites/default/files/pdf/CommonVisionFinal.pdf
http://www.maa.org/sites/default/files/pdf/CommonVisionFinal.pdf
http://www.maa.org/sites/default/files/pdf/CommonVisionFinal.pdf


COMMUNICATION

The Story of Ideals, Varieties and
Algorithms
David A. Cox, John B. Little, and Donal O’Shea
Communicated by Thomas Garrity

Introduction
Late in 2015 the three of us received an email from the
American Mathematical Society notifying us that we had
won the Leroy P. Steele Prize for Mathematical Exposition
for our text Ideals, Varieties and Algorithms, published in
1992 and now in its fourth edition [4]. We were stunned.
True, many readers over the years have told us that they
loved the book. Nonetheless, the book was written for
undergraduates, and to our knowledge no book written
explicitly for undergraduates had ever won the Steele
Prize.

We are often asked how the book got started, and
we individually answer as best we can. When the Notices
asked, we decided to pool our memories and offer the
following account.With the advantage of over twodecades
of hindsight, we realize how much we owe to accident.

The Serendipity of Location
David arrived at Amherst College in 1979, Don at Mount
Holyoke College in 1980, and John at Holy Cross in 1980.
We are algebraic geometers, but at the time our research
interests were quite different. Yet, well before we had
ever dreamed of collaborating to write a book, we knew
each other well. In retrospect, we realize that this happy
accident was largely a function of location.

The magic was embodied in the Five Colleges, which
comprise four liberal arts colleges (Amherst, Hamp-
shire, Mount Holyoke, Smith) and the University of
Massachusetts at Amherst. Although the institutions
are very different, they are all within ten miles of each
other, and students at any institution can take classes at
any other. There are Five College mathematics seminars
for faculty, well attended since we are roughly eighty-five

David A. Cox is professor of mathematics at Amherst College. His
email address is dacox@amherst.edu.

John B. Little is professor of mathematics at College of the Holy
Cross. His email address is jlittle@holycross.edu.
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For permission to reprint this article, please contact:
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Cox talking with Amherst College senior Cole
Hawkins about material from Ideals, Varieties and
Algorithms that is related to the thesis he is writing
on Betti diagrams.

miles west of the seminars in Boston. Our seminars also
occasionally draw faculty from College of the Holy Cross
in Worcester (fifty miles east), Keene State College (fifty
miles north), and Williams College (fifty miles west).

As a result, the mathematics faculty members at our
different institutions know each other in the same way
that colleagues in a large department know one another.
David and Don were frequently involved in organizing
the seminars and would go out to dinner with the
speakers, and John often came along.1 At dinner, we
would not only talk about the seminar topic of the day
but about our departments and the challenges of teaching
undergraduates.

The Serendipity of the Times
Several things happened in the late 1980s that laid the
groundwork for our book:

• In 1987 the NSF created the Research Experience
for Undergraduates program.

1David first met John in 1974–75 when David was a visitor at
Haverford College and John took courses that David taught on
Galois theory and algebraic geometry.
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• At the same time, relatively small computers
were getting powerful enough to do algebraic
computations and graphics.

• In the summer of 1988 Don secured an REU grant
for Mount Holyoke proposing that groups of
undergraduates use computers to investigate ex-
amples that might shed light on current research
questions. Don’s group used the department’s
Sun 3/260 workstation to compute dimensions of
finite-dimensional algebras associated with singu-
lar points of hypersurfaces in an attempt to find
a counterexample to a question of Zariski.

• These computations rested on the theory of Gröb-
ner bases developed by Bruno Buchberger in the
1960s [3]. By the mid-1980s computer implemen-
tations available in Macaulay [2] and REDUCE [6]
enabled researchers to do substantial computa-
tions in algebraic geometry that went way beyond
what was possible by hand. There was also Gert-
Martin Greuel’s Arbeitsgruppe at the University of
Kaiserslautern, which focused on computational
methods in singularity theory and algebraic geom-
etry. Thefirst versions of their programSINGULAR
[5] were implemented around this time, and a rival
group at the University of Genoa was working on
the CoCoA project [1]. The field of computational
algebraic geometry was being born.

• In 1988–89 Don was on sabbatical at Kaiser-
slautern as part of Greuel’s group, learning this
wonderful mathematics. Meanwhile, David was
back in Amherst, blissfully unaware. And unbe-
knownst to both of them, John already knew
much of it, having learned about what came to
be known as Gröbner bases from interactions
with Mike Stillman and Dave Bayer, the creators
of Macaulay, as a result of the year he spent at
Harvard in 1979–80.

• In the late 1980s, the Pew Charitable Trusts
created NECUSE, the New England Consortium
for Undergraduate Science Education, to foster
collaborative projects aimed at improving and
enriching undergraduate education in science. In
September 1988, NECUSE announced support for
the development of curricula for new advanced
undergraduate mathematics courses.

All of the pieces were now in place—all we needed was a
wacky idea.

The Birth of the Book
The exciting developments in Kaiserslautern and else-
where were taking place at a very high level, involving top
flight researchers and their graduate students. During his
first semester in Kaiserslautern, Don was inspired by his
REU experience from the previous summer to write to
Davidwith the idea of turning this Gröbner basis stuff into
something suitable for undergraduates. Don volunteered
to write a grant proposal to support the project.

In January 1989 Don wrote a grant entitled “Compu-
tational Algebraic Geometry and Commutative Algebra”
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Donal O’Shea, John B. Little, and David A. Cox with
Springer’s Rüdiger Gebauer at the Joint Mathematics
Meetings in Cincinnati in 1994.

that would eventually total US$60,000 from NECUSE. At
that time, NECUSE wanted people from small colleges
to collaborate with people from research universities, so
Don’s first draft listed the personnel as Don, David, and
“Person X.” However, the university people we asked were
understandably busywith the research demanded by their
positions, so we had no takers. Back in Amherst, David
went to dinner after a seminar and aired his frustrations.
John, who was in town for the seminar, said quietly, “I
know this stuff.” This is when two became three, and the
book was born.

The Writing of the Book
We did not propose to write a textbook; rather, the
original concept of the project was to create a set of
“modules” that could be used to supplement the standard
undergraduate abstract algebra course. We wrote the first
three modules and a draft of the fourth in the summer of
1989. In the course of revising these modules during the
following year it became natural to call them “chapters.”

We were firmly committed to making the material truly
accessible to undergraduates. As a first step, this meant
settling prerequisites. We wanted to include detailed
proofs and debated the level of sophistication that we
could assume of students. At our different institutions
we had different levels of rigor in the courses we taught,
particularly in the linear algebra course. David suggested
that we should assume that students have a solid course
in linear algebra, together with a course such as discrete
mathematics that did proofs. In particular, we decided
not to require that readers had taken a course in abstract
algebra. In retrospect, this also helped make the book
more understandable for readers outside mathematics.

One reason this material is accessible to undergradu-
ates and nonmathematicians is that pictures can be used
to give vivid illustrations of the theory. For example,
consider the family of circles of radius 1whose centers lie
on the parabola 𝑦 = 𝑥2, as shown in the figure at the top
of the next page. The “outline” of this diagram, called its
envelope, has an equation that can be found by Gröbner
basis methods available in programs such as Maple™ or
Mathematica®. Something interesting is happening in the
dark region of the picture, leading to a discussion of
the singularities of the envelope, which can be computed
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explicitly. Armed with examples like this, teaching and
learning algebraic geometry becomes a lot of fun.

x

y

The text also included a fair number of algorithms,
and we went back and forth on whether to include actual
code or pseudocode. John argued for the latter and
prevailed. Given how rapidly computer algebra systems
have evolved and changed over the years, this proved to
be a wise decision.

The initial grant from NECUSE provided money for
the computers (Sun workstations and IBM 386 desktop
computers) we used to compute examples for the text. By
late 1990wewere up to five “chapters” and finally realized
that we were writing a book! We were able to get further
funds from NECUSE to support the writing of the rest
of the book, now titled Ideals, Varieties and Algorithms
following a suggestion fromDavid. TheNECUSE funds also
enabled us to send numerous copies of the manuscript
to people at other institutions. The feedback we got was
extremely helpful as we worked to finish the book. We
also taught courses at Amherst and Holy Cross using
draft versions of the text.

Getting a Publisher
Onestriking thingabout Ideals, Varieties and Algorithms is
that there was no natural place for it in the undergraduate
curriculum. This had the potential to limit its sales, which
could lead a publisher to set a high price for the book.
Yet we were determined to keep the price low. We had
submitted the book to several publishers. One Saturday
morning in 1991, David received a call from Rüdiger
Gebauer at Springer-Verlag New York (now Springer),
urging that we publish with them. Besides making a good
offer regarding price and marketing, there was another
bit of serendipity: before joining Springer, Rüdiger was
one of the authors of the REDUCE Gröbner basis package
[6] that David used in writing the book. Rüdiger really
understood what we were trying to accomplish. This is
part of why we published with Springer.

Conclusion
Shortlyafter receiving theAMSemail about theSteelePrize,
David wrote to Don and John saying that “collaborating
with the two of you has been one of the greatest pleasures
of my professional life.” He voiced what we each felt. The
book arose from a wonderful confluence of many things.
We have enjoyed this opportunity to piece together the
story of how Ideals, Varieties and Algorithms came to be.
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David loves writing books and 
teaching undergraduates.

John plays the viola and is learning 
ancient Greek.

Although Donal crossed to what 
some consider the dark side two 
decades ago, he still identifies pri-
marily as a mathematician and a 
teacher.
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COMMUNICATION

A Common Vision for Undergraduate 
Mathematics
Tara Holm and Karen Saxe
Communicated by Stephen Kennedy 

Higher education is under intense public scrutiny. Reve-
nue streams are diminishing. Mathematics is often at the 
center of discussions, lambasted for low student success 
rates. Change is coming, and the mathematical sciences 
community must come together to ensure that the change 
happens coherently and in a mathematically sound way. 
More mathematicians must become involved, working with 
colleagues from partner disciplines to modernize curricula 
and adopt evidence-based active learning strategies in 
mathematics classrooms.

In May 2015, we attended a remarkable workshop 
at the American Statistical Association headquarters in 
Alexandria, Virginia. What was truly extraordinary was 
the genuine collaboration of members of the five profes-
sional societies concerned with undergraduate teaching 
in the mathematical sciences: the American Mathematical 
Association of Two-Year Colleges (AMATYC), the Amer-
ican Mathematical Society (AMS), the American Statisti-
cal Association (ASA), the Mathematical Association of 
America (MAA), and the Society for Industrial and Applied 
Mathematics (SIAM). Workshop attendees represented 
not only the five mathematical sciences associations but 
also partner STEM disciplines, higher education advocacy 
organizations, and industry.

Workshop participants came together to develop 
a Common Vision of the pressing need to modernize 
undergraduate programs in the mathematical sciences, 
with particular attention to the first two years. The main 
themes emerging from the workshop are that all of us 
in the mathematical sciences community face similar 
challenges, that the status quo is unacceptable, and that 
the most effective solutions will involve cooperation and 

collaboration. Research on “collective impact” [8] suggests 
that, in achieving significant and lasting change in any 
area, a coordinated effort supported by major players 
from all existing sectors is more effective than an array 
of new initiatives and organizations. Common Vision 
encourages such action by highlighting existing efforts 
and draws on the collective wisdom of a diverse group of 
stakeholders to articulate a shared vision for modernizing 
the undergraduate mathematics program. 

As the Common Vision project developed, another 
movement was afoot. With initial support from Carnegie 
Corporation of New York, Phillip Griffiths founded Trans-
forming Post-Secondary Education in Mathematics (TPSE 
Math)1 to help coordinate the mathematics community 
at a high level. TPSE Math has organized a national meet-
ing and four regional meetings of mathematicians and 
higher education administrators to frame the challenges 
our community faces. TPSE Math’s ability to convene all 
the stakeholders in this process is crucial to future suc-
cess. Using TPSE Math’s findings and reports together 
with the Common Vision final report, the next step is to 
bring together department leaders from the mathemat-
ical sciences to organize and address these challenges, 
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Common Vision participants hard at work.
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capitalizing on the power 
of collective action. Both of 
these initiatives have now 
been endorsed by CBMS.2

The Common Vision proj-
ect began with an evaluation 
of where the five societies 
stand with respect to our 
curricula in the mathemat-
ical sciences. The main 
focus was the seven under-
graduate curricular guides 
endorsed by the five soci-
eties. Common Vision lead-
ers3 prepared a draft of the 
project report, A Common 
Vision for Undergraduate 
Mathematical Sciences Pro-
grams in 2025, assessing the 
commonalities among the 
seven guides. There are four 
categories that all the guides 
agree will require further 

action: (1) curriculum, (2) course structure, (3) workforce 
preparation, and (4) faculty development. These are of 
course interdependent. Any particular challenge may fit 
into more than one of these categories. Moreover, some of 
these are not under the exclusive control of faculty mem-
bers, and so substantial change will require the participa-
tion of others. Improving teaching and learning requires 
well-coordinated efforts by multiple stakeholders, includ-
ing faculty, higher education administrators, employers, 
professional associations, and funding agencies. 

There are many shocking data points about our en-
terprise of teaching undergraduate mathematics. For 
example, 

•Women are almost twice as likely as men 
to choose not to continue beyond Calculus I, 
even when Calculus II is a requirement for their 
intended major [5].

•In 2012, 19.9 percent of all bachelor’s de-
grees were awarded to underrepresented 
minority students (9.5 percent to African 
American, 9.8 percent to Hispanics). However, 
only 11.6 percent of mathematics bachelor’s 
degrees were awarded to underrepresented 
minority students (4.9 percent to African 
American, 6.4 percent to Hispanics).4

Walker [15] noted that while there has been some  
improvement since Stiff and Harvey [13] called the  

mathematics classroom one of the most segregated places 
in the United States, upper-level mathematics classes re-
main predominantly white and Asian, and these statistics 
point to the fact that underrepresentation of women and 
racial and ethnic minority students in advanced mathe-
matics courses is an ongoing problem. As Figure 1 shows, 
underrepresented minority students do not have the same 
access to advanced mathematics courses in high school 
as do their white peers.

Lack of high school access does not allow us to yield 
responsibility for helping students find pathways to  
success in college mathematics. Courses in the first 
two years of college must be designed to address the  
disconnect between high school and advanced mathemat-
ics. The mathematical sciences community must redouble 
its efforts to attract, prepare, and retain a diverse student 
population.

The guides that Common Vision looked at identified 
a need for the introduction of multiple entry points and 
pathways into and through the mathematics curriculum. 
These pathways should align with the needs of students 
from other STEM and non-STEM fields to help increase 
success rates and decrease the time to completion of 
college credit-bearing courses. In terms of curriculum, 
these pathways should include data science, modeling, and 
computation. In addition, multiple pathways that provide 
new curricular formats afford students the opportunity to 
engage in problem-solving skills needed for their careers. 
These opportunities can increase student interest and help 
them understand the value and role of the mathematical 
sciences in society. The need for multiple pathways must 
be tempered by the fact that calculus remains central to 
many disciplines. Completing at least one calculus course 
is required for most STEM degrees, so pathways that lead 
to calculus must be maintained. Students should take 
calculus only when they are ready, and the calculus they 

2www.maa.org/sites/default/files/pdf/common-ground/
CBMSLetterofSupport.pdf
3Leadership team members: Karen Saxe, Macalester College; Linda 
Braddy, Mathematical Association of America; John Bailer, Miami 
University; Rob Farinelli, College of Southern Maryland; Tara 
Holm, Cornell University; Vilma Mesa, University of Michigan; Uri 
Treisman, University of Texas; Peter Turner, Clarkson University.
4www.nsf.gov/statistics/nsf07308/content.cfm?pub_
id=3633&id=2

Figure 1: Underrepresented minority students do 
not have the same access to advanced mathematics 
courses in high school as do their white peers. 
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take should be attentive to the needs of partner disci-
plines. Common Vision workshop participants agree that 
faculty and administrators should implement systemic 
changes that expand opportunities and remove barriers 
to success for all students.

Observations pointing to serious failures on our part 
are not new. The well-known report Everybody Counts: A 
Report to the Nation on the Future of Mathematics Educa-
tion (NRC, 1989) addresses “the urgent national need to 
revitalize mathematics and science education [and] exam-
ines mathematics education as all one system, from Kin-
dergarten through graduate school.” What is different now 
is the national attention focused on teaching and learning 
in the mathematical sciences. The mathematical sciences 
are in the national spotlight in part because mathematical 
competencies can lead to higher-paying jobs and thus 
can play a profound role in students’ economic mobility. 
There is substantial support for reforming undergraduate 
instruction in the mathematical sciences from influential 
actors: the White House Office of Science and Technology 
Policy, the National Academies, and the Association of 
American Universities, among others. 

In October 2015 Michelle Obama unveiled a pub-
lic-awareness campaign called Better Make Room to cele-
brate higher education and encourage students to pursue 
postsecondary education. Better Make Room will “leverage 
traditional and new-media platforms to celebrate student 
stories in the same way that we often celebrate celebrities 
and athletes,” according to a White House fact sheet.5 The 
campaign website urges students to “Get a better educa-
tion, have a better career, imagine a better future and live 
a better life.” Two-year colleges are a large, growing, and 
increasingly important component of the United States 
higher education system. Indeed, these institutions taught 
just over 45 percent of the student credit hours in the 
mathematical sciences in 2010 ([7], Table S.1). But,

at community colleges across the country, the 
basic math requirement has been a notorious 
hindrance to advancement. More than 60 per-
cent of all students entering community col-
leges must take what are called developmental 
math courses, according to the Carnegie Foun-
dation for the Advancement of Teaching, but 
more than 70 percent of those students never 
complete the classes, leaving them unable to 
obtain their degrees. [3]

President Obama announced an initiative to mint five 
million more community college graduates by 2020, 
a remarkable goal given that just over 77,000 associ-
ate degrees and certificates were awarded in 2011–12  
by community colleges [1]. According to Two-Year  
Contributions to Four-Year Degrees [11], 46 percent of all 
students who completed a degree at a four-year institution 
in 2013–14 had been enrolled at a two-year institution at 
some point in the previous ten years. To meet the goals 
for higher education laid out by the President and First 
Lady, we must transform mathematical sciences courses 
to be pathways toward STEM degrees.

In our efforts, it is imperative that members of the 
mathematical sciences community understand the inter-
connectedness of the educational ecosystem. Roughly 3.6 
million students entered college for the first time in the 
fall of 2008 and over the past six years have transferred 
2.4 million times, “ricocheting between two- and four-year 
public and private colleges, often across state lines” [6]. 
The high mobility rate exacerbates challenges for students 
from lower economic sectors. According to the National 
Center for Public Policy and Higher Education [9], 44 per-
cent of low-income students enroll in two-year college 
after high school, compared to 15 percent of high-income 
students. Because transferring is more common for two-
year college students, lack of program coordination across 
multiple institutions impacts low-income students to a 
greater degree. These facts highlight the need to work 
across sectors within higher education, as well as across 
states, to improve student success. Understanding the 
differences of perspectives and points of view is critical. 

The AMS is not new to the conversation on education. 
Towards Excellence [2] was a product of the AMS Task 
Force on Excellence in Mathematics Scholarship, funded 
in the 1990s by the Exxon Foundation and the National 
Science Foundation. At the Joint Mathematics Meetings 
in 1993, William (Brit) Kirwan, now chancellor emeritus 
of the University System of Maryland, said that the “AMS 
Task Force on Excellence must deal substantially with 
the issue of the quality of undergraduate mathematics 
education for all students, not just mathematics majors…
[W]e must make it easier for senior mathematicians at 
research universities to take on with dignity, respect, 
and reward some of the challenging obligations facing 
the math community.” Though these words were spoken 
almost a quarter century ago and we have made prog-
ress, our work requires substantial and ongoing energy.  
In 2014 the Coalition for Reform in Undergraduate STEM 
Education6 recommended that “the faculty reward system 
must recognize and reward efforts by faculty members 
to use evidence-based pedagogy” and observed that  
“[s]easoned faculty members who are experienced teach-
ers or innovators can be powerful champions for change, 
especially if they carry institutional clout or political 
capital.”

Common Vision participants after the May 2015 
workshop at ASA headquarters in Alexandria, VA. 
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6Fry, C. (2014), Achieving Systemic Change: A Sourcebook for Ad-
vancing and Funding Undergraduate STEM Education, Washington, 
DC: The Coalition for Reform of Undergraduate STEM Education. 
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One area in which AMS members are particularly 
well positioned to act is through their work with grad-
uate students, who are important contributors to 
the teaching mission of many universities. Graduate  
students who pursue academic careers will be the fac-
ulty of the future, but historically we have provided very 
little training focused on preparing them to teach. While 
research universities play a unique and significant role in 
the preparation of these future faculty members, they in 
turn hire only a small proportion. According to Towards 
Excellence [2], fewer than 20 percent of new PhDs find 
employment at PhD-granting institutions. The remainder 
of those who pursue careers in higher education work at 
other types of institutions and spend much of their time 
teaching undergraduates. Vélez et al. [14] reported that 
32 percent of 2012–13 PhD recipients found employment 
upon graduation in PhD-granting departments, but al-
most three-quarters of them were in postdoctoral—and 
hence not long-term—appointments. Attending to grad-
uate student preparation for teaching has far-reaching 
benefits beyond the PhD-granting institutions at which 
they serve as teaching assistants, for instance, to the 

students at institutions 
where they will spend 
their careers and to the 
mathematical sciences 
community as a whole. 
There have been some 
promising examples of 
programs designed to 
help graduate students 
transition to careers as 
professors. One was 
the now defunct Pre-
paring Future Faculty 
initiative, sponsored by 
the Pew Charitable 
Trust. This program 

worked with graduate students across disciplines to help 
them develop expertise in teaching and expose them to 
the professional environment at a variety of institutions, 
including two-year colleges, liberal arts institutions, 
and comprehensive universities. Two current relevant 
programs are the MAA’s College Mathematics Instructor 
Development Source (CoMInDS)7 and Project NExT.8

A disturbing trend is the recent decline in state in-
vestment in public higher education (see Figure 2). About 
three-quarters of all undergraduate students were enrolled 
in the fall of 2009 in public institutions.9 Simultaneously, 
many states are now tying funding to degree completion 
and are requiring an increase in the number of STEM 
graduates in order to secure state funding. Budget cuts 
surely affect many AMS members, and practical tactics 
for addressing decreasing resources and simultaneously 
increasing numbers of students are urgently needed.

The good news is the inspiration we found at the 
Common Vision workshop. Members of the mathematical 
sciences community face these challenges together, and 
we truly do have a Common Vision! We encourage you to 
join this collective action. Read the AMS blog on teaching 
mathematics.10 Attend Joint Mathematics Meeting activi-
ties focused on teaching. Follow the TPSE Math movement. 
Visit the Common Vision website11 and read our final re-
port, which includes ideas generated at the workshop for 
moving forward, for implementing and adopting programs 
to incrementally improve mathematical sciences courses 
in the first two years of college. 

Change is unquestionably coming to lower-division 
undergraduate mathematics, and it is incumbent on the 
mathematical sciences community to ensure that it is at 
the center of these changes, not on the periphery.
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BOOK  REVIEW

The traveling salesman problem, or TSP for short, poses 
both a complexity question and a computational challenge. 
The complexity question is a fundamental one: Can an opti-
mal solution be found in polynomial time or, equivalently, 
is P equal to NP ? The answer to this question is worth 
eternal fame and, as a side benefit, one million dollars. The 
computational challenge is one of algorithm development 
and engineering: As long as we have to assume that P is 
not equal to NP, how well can we do in finding good or 
even provably op-
timal solutions to 
large instances of 
the TSP?

The TSP as a 
mathematical prob-
lem was discussed 
by Karl Menger 
in Vienna and by 
Hassler Whitney 
in Princeton in the 
1930s. The 1940s 
brought a practical 
interest in solving 
optimization problems that occurred in a logistical or 
industrial setting. George Dantzig proposed the linear 
optimization model for such problems and developed 
the simplex method for their solution. With this major 
advance came the realization of its limitations. Many de-
cision problems of a combinatorial nature, for example, 
can be cast in linear terms with the additional constraint 
that the variables can take on only integral values. The 
TSP is a case in point. In fact, many of the concepts and 
techniques of combinatorial optimization were originally 
conceived for the TSP.

Jan Karel Lenstra is emeritus professor of optimization at Eind-
hoven University of Technology and former director of Centrum 
Wiskunde & Informatica in Amsterdam. His email address is  
Jan.Karel.Lenstra@cwi.nl

David Shmoys is Laibe/Acheson Professor of Business Management 
and Leadership Studies and director of the School of Operations 
Research and Information Engineering, Cornell University. His 
email address is shmoys@cs.cornell.edu. 

With Eugene Lawler and Alexander Rinnooy Kan, they edited the 
book The Traveling Salesman Problem: A Guided Tour of Combi-
natorial Optimization (Wiley, 1985).
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In Pursuit of the Traveling Salesman: Mathematics at 
the Limits of Computation  
William J. Cook 
Princeton University Press, 2012, xvi+228 pages  
US$27.95 (hardcover) 
ISBN 978-0-691-15270-7

A traveling salesman is faced with the problem of find-
ing the shortest route that takes him through each of a 
number of cities and back home again. Being easy to state 
and hard to solve, and having a popular name and many 
applications, the traveling salesman problem has become 
representative of the field of combinatorial optimization. 
It embodies the quest for finding the best alternative out 
of a finite but huge number of possibilities. For all of these 
attributes, it is the perfect vehicle to attract a broader au-
dience to one of the more dynamic areas of mathematics 
research over the past fifty years; this is the goal of the 
book under review.

In Pursuit of the 
Traveling Salesman: 
Mathematics at the 

Limits of Computation
 A Review by Jan Karel Lenstra and David Shmoys

The TSP 
poses both a 
complexity 

question and a 
computational 

challenge.



The algorithmic history of the 
TSP starts in 1954 with a seminal 
paper by Dantzig, Fulkerson, and 
Johnson. They solved a problem 
defined on forty-two cities in 
the US to optimality essentially 
by solving a series of more and 
more constrained linear optimi-
zation problems.

For each link between two 
cities, a 0-1 variable indicates 
whether it is chosen to be in-
cluded in the tour or not. The 
constraints say that each city 
must be incident to two chosen 
links and that those links to-
gether must form a connected 
tour. The objective measures 
the total length of the links cho-
sen. The authors start by solv-
ing a relaxed problem without 
the integrality and connectivity 
constraints, which yields a so-
lution that is not a tour. They 
then identify by hand a violated 
connectivity constraint, add it to 
the problem, and solve again. By 
adding seven such constraints 
and two ad hoc constraints to 
ensure integrality, they obtained 
an optimal solution, a truly re-
markable feat in view of the ex-
ponential number of constraints 
they could choose from. The 
added constraints are called cut-
ting planes, since they are linear 
inequalities that separate an 
infeasible optimum from the 
feasible region.

In spite of this success, so-
lution approaches to the TSP 
took a different course, that 
of implicit enumeration in the 
style of the backtrack methods 
that were proposed at the time 
for many combinatorial search 
problems. Eastman gave the first 
enumerative method for the TSP 
in his PhD thesis in 1958. The 
approach was made popular in 

1963 by Little, Murty, Sweeney, and Karel, who coined 
the term branch-and-bound. The early methods of this 
type employ weak bounds and rely on branching to locate 
the optimum tour. Computational success was limited to 
problem instances with twenty or perhaps thirty cities. 
A drastic change of scene occurred with the branch-and-
bound algorithm of Held and Karp in 1971. They devel-
oped a combinatorial bound which can be viewed as a way 
to approximate the Lagrangian relaxation of the degree 
constraints and which, at best, reaches the value of the 
linear optimization relaxation that satisfies all connectiv-

636  notices of the AMs  Volume 63, Number 6
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9

These diagrams illustrate how Dantzig, Fulkerson, 
and Johnson ingeniously solved the 42-city problem 
by successively adding seven connectivity constraints 
and two ad hoc constraints to a linear relaxation of the 
problem. The edges drawn in black carry the value 1, 
the edges drawn in red carry the value ½. 
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shortest length of Hamiltonian circuits through n random 
points in the d-dimensional cube.

In 1965 Shen Lin’s paper on link-exchange methods 
for the TSP appeared. The method makes simple local 
improvements in a given tour and repeats the process until 
no further improvements are possible and a local optimum 
has been found. Such methods tend to yield good tours, 
without ironclad guarantees regarding solution quality or 
running time. In 1973, with Brian Kernighan, Shen pub-
lished a more involved and problem-specific local search 
method for the TSP, which has excellent experimental 
performance. The approach has developed further in 
two directions. One is the emergence of generic heuristic 
search methods, such as simulated annealing, tabu search, 
genetic algorithms, and artificial neural networks, which 
nowadays come together under the heading of metaheuris-
tics and which can be relied upon for obtaining reason-
ably good solutions for hard problems in the absence 
of deep insights 
into specif ic 
problem struc-
ture. Another 
line of work is 
the develop-
ment of highly 
engineered ap-
proaches for 
specific prob-
lems. For the 
TSP the present 
world champi-
ons are Keld 
Helsgaun’s ex-
tension of Lin-
Kernighan and 
Yiuchi Nagata’s genetic TSP algorithm. These methods 
come extremely close to the optimum for problems with 
tens of thousands of cities.

In spite of the hardness of the TSP and the existence 
of good methods that get close to the optimum, the  
ultimate question remains: How do we solve large in-
stances to proven optimality? After the work of Held and 
Karp, researchers returned to the cutting plane approach 
with startling success. Optimization records jumped 
from 80 to 120 to 318 to 666 cities. A landmark was set 
by the branch-and-cut algorithm of Padberg and Rinaldi 
in 1987. They solved a 2,392-city problem to optimality 
by branch-and-bound with bounds obtained from linear 
relaxations strengthened by connectivity constraints and 
many more TSP-specific cutting planes. The bottom line 
of the approach is to use strong bounds derived from an 
in-depth study of the TSP polytope and to branch only 
if necessary. It was taken further by the team of David 
Applegate, Bob Bixby, Vašek Chvátal, and Bill Cook. They 
combined strong bounds with strong branching, where 
several options for branching are tried out and evaluated 
up to a certain depth before a final branching decision is 
taken. Their work resulted in the Concorde code and the 
solution to optimality of TSP instances up to 85,900 cities. 

It should be noted that TSP history runs parallel to 
the development of algorithms for general integer linear  

ity constraints. It was 
the first systematic al-
gorithm that computa-
tionally dominated the 
heuristic approach of 
Dantzig et al.

Around the same 
time, three strands of 
research were initiated 
that have had a huge 
impact on the study 
of the TSP: the devel-
opment of complexity 

theory, the analysis of ap-
proximation algorithms, 
and the investigation of 
local search methods. We 
will briefly discuss these 
before turning to the re-

birth of the cutting plane approach.
The work of Stephen Cook, Richard Karp, and Leonid 

Levin in the early 1970s on the computational complexity 
of combinatorial problems must be viewed as the single 
most important achievement in algorithmic mathematics. 
Using the notion of solvability in polynomial time as a 
concept for easiness, it explained why many problems are 
probably not easy. The theory brought order into chaos 
and had a reassuring effect, since we no longer had to 
blame ourselves for our inability to tackle hard problems. 
Very special cases of the TSP such as the problem of find-
ing a Hamiltonian circuit in grid graphs have been shown 
to be NP-complete.

This work reinforced the performance analysis of fast 
approximation algorithms, a line of research that had been 
initiated by Ronald Graham in 1966 for multiprocessor 
scheduling. For the TSP where distances are symmetric 
and satisfy the triangle inequality, there is a host of simple 
methods for producing a tour that is no longer than twice 
the optimum. The first improvement and still essentially 
the last word on the issue is Nicos Christofides’s algorithm 
of 1975, with a performance guarantee of 3/2. There is 
hope to reduce this to 4/3, but only tiny steps have been 
made in this direction. The 4/3-conjecture states that 
the lower bound of Held and Karp is always at least 3/4 
of the optimum or, equivalently, that the solution to the 
linear optimization relaxation satisfying all connectivity 
constraints can be rounded to an integral solution of cost 
at most 4/3 as much.

A natural special case is the TSP where each city cor-
responds to a point in some d-dimensional space and 
the distance between two cities is given by the Euclidean 
distance between them. For the 2-dimensional case, Arora 
and Mitchell independently developed rather different 
polynomial-time approximation schemes which compute, 
for any constant ε > 0, a tour no longer than 1+ ε times 
the optimum. Supplementary to the worst-case approach 
is the probabilistic analysis of TSP heuristics pursued by 
Karp in 1977, which extends the classic work of Beard-
wood, Halton, and Hammersley published in 1959 on the 

Botticelli’s The Birth of 
Venus as a 140,000-city TSP. 
The cities are placed in 
proportion to the various 
shades of gray in the 
original image. 

The ultimate 
question 

remains: How 
do we solve 

large instances 
to proven 

optimality?
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optimization. Ralph 
Gomory proposed a 
cutting plane algo-
rithm for integer op-
timization in 1958. 
Despite initial suc-
cess, it was overshad-
owed by the branch-
and-bound algorithm 
of Land and Doig of 
1960, which uses sim-
ple linear relaxations 

as lower bounds. But present state-of-the-art software 
for integer optimization combines both approaches and 
heavily relies on Gomory’s ideas.

Applegate, Bixby, Chvátal, and Cook presented a de-
tailed account of their work on the TSP in their book 
The Traveling Salesman Problem: A Computational Study 
(Princeton University Press, 2006). It was awarded the 
INFORMS Lanchester Prize in 2007. 

In the book under review, Cook gives a broader, more 
popular, and less technical exposition of the history of 
TSP research. The core of the book is the story of branch-
and-cut, starting from the Dantzig-Fulkerson-Johnson 
paper of 1954 and culminating in the Concorde code of 
Applegate, Bixby, Chvátal, and Cook. It is a lucid account 
which enables the reader with a mathematical mind to ap-
preciate the development of ideas and concepts that led 
to a truly remarkable feat of algorithm engineering. The 
emphasis is, of course, on intuition rather than proofs. 
The reader who wishes to see the i’s dotted and the t’s 
crossed is directed elsewhere.

This main part of the book is preceded by a chapter 
on approximation and local search and is followed by a 
chapter on computational complexity. Again, the exposi-
tion is not for the faint-hearted but provides informative 
and concise conceptual histories. Cook discusses many 
more facets of the TSP. In the earlier chapters he provides 
a broad context in which he unearths origins of the prob-
lem that were unknown to the present reviewers, and he 
describes its myriad of applications. In the later chapters 
he describes how children and animals handle instances 
of the TSP, and he discovers the TSP in works of art, tran-
scending well beyond the realm of mathematics.

Cook’s book covers all aspects of the TSP. It starts from 
its earliest history and reaches up to the limits of current 
research. The writing is relaxed and entertaining; the 
presentation is excellent. We greatly enjoyed reading it.

 The writing 
is relaxed and 

entertaining; the 
presentation is 

excellent.

http://cms.math.ca/Events/winter16/#CMSWinter
http://cms.math.ca/Events/winter16/#CMSWinter
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BOOK REV I EW

Uno Spirito Puro
A Review by Enrico Bombieri

Uno Spirito Puro: Ennio De Giorgi, Genio della
Matematica
Andrea Parlangeli
Edizioni Milella di Lecce Spazio Vivo s.r.l. Lecce, 2015
ISBN 978-88-7048-584-4

This 275-page biography of Ennio de Giorgi, considered
by many to be the greatest Italian analyst of the twentieth
century, is a work of love encompassing not only his
evolution as a mathematician and his relations with
his peers but also, and most importantly, his profound
religiosity and his efforts in the field of human rights.

Beginning with a description of De Giorgi’s family and
the first years of his education, the author proceeds
with a very interesting chronicle of his beginning as
a mathematician, with Renato Caccioppoli and Mauro
Picone as his first mentors. As an example, here we
learn how De Giorgi’s celebrated paper on the Hölder
continuity of solutions of an elliptic second order partial
differential equation in divergence form and measurable
coefficients ended up published in the obscure Rendiconti
dell’Accademia delle Scienze di Torino. The biographer,
who knew De Giorgi personally very well, recalls De Giorgi
telling him that Picone made this choice because for a
while he had not sent any paper to be published there and

Enrico Bombieri is professor in the School of Mathematics at the
Institute for Advanced Study in Princeton. His email address is
eb@ias.edu.

For permission to reprint this article, please contact:
reprint-permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1396

that he (De Giorgi) did not have the courage to tell Picone
that he considered his paper worthy of a better journal.

The period of De Giorgi at the Scuola Normale in Pisa
is amply treated, as is the work on minimal surfaces, the
solution of the Bernstein problem, Γ-convergence, and his
other profound contributions to analysis, all the way to
his search for an alternative foundation for set theory.

…it is the
biography of
a man with
his genius
and his

weaknesses…

A very interesting part of this
biography, mostly based on ac-
tual interviews, presents a vivid
picture of student life at the
Scuola Normale and of the in-
teraction with the Department
of Mathematics at the Univer-
sity of Pisa. Also of interest
is the account of De Giorgi’s
interaction with other mathe-
maticians he encountered in
his path.

The moral stature of De
Giorgi emerges bit by bit through the book, becom-
ing the main theme at the end, with the well-documented
description of his personal fight for human rights with
the campaign for the mathematicians Leonid Plyushch
and José Luis Massera, and his profound Christian faith.

This biography is not an arid chronicle. It is not just a
biography of themathematician De Giorgi. Rather, it is the
biography of a man with his genius and his weaknesses,
of his inner thoughts about life, and how he lived his
thoughts. It is well written and emerges like a painting of
a fragment of the real life of an extraordinary protagonist.
It is to be hoped that it will be translated into English, to
become accessible to a larger audience.
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Top Row:
(left) Ennio De Giorgi at six months of age.
(middle) De Giorgi was a student at the Università di Roma (La Sapienza) just after the war, from 1946 to 1950. Like 
John Forbes Nash Jr., De Giorgi started studying engineering and then changed to mathematics.
(right) De Giorgi in 1956. It was in this period that De Giorgi solved Hilbert’s nineteenth problem. He learned 
about it in August 1955 and published the solution in March 1957. John Forbes Nash Jr., who was not aware of De 
Giorgi's work, arrived at the solution independently a few months later.

Middle Row:
(left) Ennio De Giorgi with Guido Stampacchia in Paris. It was Stampacchia who told De Giorgi about Hilbert's 19th 
problem. He said of De Giorgi: “Noi siamo matematici per volontà della nazione, Ennio è matematico per grazia di 
Dio” We are mathematicians by the will of the nation, Ennio is a mathematician by the grace of God.
(middle) De Giorgi is seen here in Providence, Rhode Island, in June 1964. While there he shared an office at Brown 
University with Ubiratan D’Ambrosio, who took this photo. With De Giorgi are D’Ambrosio's wife and two children. 
Photo by Ubiratan D’Ambrosio.
(right) De Giorgi poses for a photo at Segantini, a hiking hut in the Dolomites, in February 1971. The mountains in 
the background are the renowned Pale di San Martino.

Bottom Row:
(left) De Giorgi with Pope John Paul II. De Giorgi became a member of the Pontifical Academy of Sciences in 1981. 
Photo by Arturo Mari. Copyright Servizio Fotografico “L’Osservatore Romano”.
(middle) De Giorgi lectures at the blackboard in Trieste in 1990. Photo by Jan Francu.
(right) In 1990, De Giorgi received the Wolf Prize. The prize was presented by Israel's Prime Minister Yitzhak 
Shamir. Photo courtesy of the Wolf Foundation.

Glimpses of the Life of Ennio De Giorgi
This photo collage presents glimpses of the life of the great twentieth century analyst Ennio De Giorgi, the subject of 
Andrea Parlangeli's recent biography. We thank Parlangeli for his kind assistance in obtaining the photos and permis-
sions to reproduce them here. Unless otherwise indicated, the photos appear courtesy of the De Giorgi family.

June/July 2016 Notices of the AMS 641



Check Out the  
AMS Reviews Page 

Online!
Are you interested in  
popular books with 

mathematical themes?

Then you’ll enjoy the AMS Reviews Page, 
which offers links to reviews for hundreds 
of mathematically-related books, plays, 
films, and television shows.

www.ams.org/reviews
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ABOUT THE REVIEWER

Enrico Bombieri
“My main passions besides 
mathematics are painting 
(oils, watercolor, pastel), 
drawing, and printmaking. 
The subjects are portraits 
(people and animals), land-
scapes, scenes with people in 
a park or at leisure. My largest 
painting is at home, by the 
pool area outside the house, a mural of size 7 feet 
by 15 feet, inspired by Fellini’s movie La Dolce Vita.

“I used to collect stamps, forming first a collection of 
stamps and postal history documents of the Ottoman Em-
pire, which was awarded a gold medal in two international 
exhibitions and, later, a second collection of stamps and 
postal history of Tasmania.  Some items of that collection 
are now in the Tasmanian Museum and Art Gallery in Ho-
bart, the capital of the Australian State of Tasmania.  I do 
not collect stamps now.

“Since I was eight years old, I have collected sea shells 
from all over the world.  I still have this collection, which 
numbers over one thousand specimens.

“My wife and I like dogs, and at home we have a little 
Shih-Tzu named Emmie.”

Bombieri at the 
blackboard with Bjorn 
Poonen.
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The Blog on Math Blogs
By Anna Haensch

I write for the AMS Blog on Math Blogs. For each post I find 
some interesting mathematical curio, explain a few things 
about it in, er, mostly plain English, and then share what 

the Internet’s been saying about it. My co-blogger Evelyn 
Lamb and I take on a broad range of topics: research and 
recreational math, pedagogy, current events in math, and 
the broader sweeping politics of being a mathematician. 

Our most popular post of all time, written by my 
co-blogger, was called “Math and the Genius Myth”. The 
post discusses a noteworthy article published in Science 
suggesting that women are less likely to be drawn to fields 
that are perceived to require innate talent. For women 
in math, she points out, this is troubling news. And she 

Anna Haensch is assistant professor at Duquesne University. Her 
email address is haenscha@duq.edu.

Article photos are courtesy of the author.

For permission to reprint this article, please contact:
reprint-permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1387

Haensch in a recording booth at NPR during her time as a Fellow.
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discusses the range of reactions that bloggers across the 
Internet have had to the article. 

Posts discussing some of the more social and political 
aspects of math tend to be the really popular ones. In 
another highly shared post, “Math in Pictures” I give a 
review of Ben Orlin’s brilliantly witty math blog Math with 
Bad Drawings, and I try my hand at some math “pictionary” 
as in Figure 1. 

This year, several exciting breakthroughs in math also 
made fun material for posts. Some of our popular posts 
of late have discussed breaking research like the graph 
isomorphism problem in “Meanwhile over in Computer 
Science,” new pentagonal tilings in “There’s Something 
about Pentagons,” the Erdős Discrepancy Problem in “That 
Time Terence Tao Won $500 from Paul Erdős,” and most 
recently the discovery of a new Mersenne prime in “There’s 
a New Prime! And It Looks Like…Wait…What?” 

The Blog on Math Blogs has been going strong for 
almost three years now, and the mathematical blogo-
sphere doesn’t seem to be running out of material 
anytime soon. You can check at blogs.ams.org/ 
blogonmathblogs for new posts from Evelyn and me 
every Monday.

Answer to Figure 1 “pictionary”: Seifert-van Kampen Theorem 
(site 4 van camping). 

Figure 1. This math “pictionary” from the blog 
suggests the name of a famous theorem. (The answer 
appears in the footnote at end of this article.)

ABOUT THE AUTHOR 

Assistant professor Anna Haensch’s 
research is in number theory. In 2013 
she was the AMS-AAAS Mass Media 
Fellow at NPR. In addition to her Blog 
on Math Blogs writing, Haensch also 
hosts a podcast about math called 
The Other Half. 

Anna Haensch

Elements of Mathematics
From Euclid to Gödel 
John Stillwell 

Elements of Mathematics takes 
readers on a fascinating tour that 
begins in elementary mathematics—
but, as John Stillwell shows, this 
subject is not as elementary or 
straightforward as one might 
think. Not all topics that are part 
of today’s elementary mathematics 
were always considered as such, and 
great mathematical advances and 
discoveries had to occur in 
order for certain subjects 
to become “elementary.” 

See our E-Books at press.princeton.edu

Summing It Up
From One Plus One to 
Modern Number Theory
Avner Ash & Robert Gross

We use addition on a daily 
basis—yet how many of us stop to 
truly consider the enormous and 
remarkable ramifications of this 
mathematical activity? Summing It 
Up uses addition as a springboard to 
present a fascinating and accessible 
look at numbers and number 
theory, and how we apply beautiful 
numerical properties to answer 
math problems. 

Cloth  $27.95

Cloth  $39.95

Cloth  $165.00
Annals of Mathematics 
Studies, 194

Fourier Restriction for 
Hypersurfaces in Three 
Dimensions and 
Newton Polyhedra
Isroil A. Ikromov & Detlef Müller

This is the first book to present 
a complete characterization 
of Stein-Tomas type Fourier 
restriction estimates for large 
classes of smooth hypersurfaces 
in three dimensions, including all 
real-analytic hypersurfaces. The 
range of Lebesgue spaces for 
which these estimates are valid 
is described in terms of Newton 
polyhedra associated to the 
given surface.

http://press.princeton.edu
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computation and loved thinking about numbers and how 
they fit together. One of my parents told me about the 
Pythagorean theorem, and I remember that I worked out a 
way of generating an infinite family of Pythagorean triples. 
I think this must be the first time I felt the excitement of 
putting together things I knew into a new piece of math 
(new to me, at any rate!).

I’m not sure I knew at that time I wanted to be a math-
ematician or even what a mathematician was!

Diaz-Lopez: Who encouraged or inspired you?
Ellenberg: My parents, of course, first. They’re stat-

isticians, and my mom, before that, taught math in high 
school, so our house was full of mathematical stuff. Then 
Eric Walstein, a teacher in Montgomery County who made 
a habit of working with younger kids who were ahead of 
grade level in math. And, when I was in high school, Larry 
Washington at the University of Maryland, the first real 
mathematician I spent a lot of time with. He taught me 
number theory. I remember learning about Dirichlet series 
from him, and it was like the top of my head getting ripped 
off (in a good way).

Diaz-Lopez: How would you describe your research to 
a graduate student?

Ellenberg: I work in arithmetic geometry, especially 
Diophantine geometry, which means I study the solutions 
to equations in whole numbers—what number theorists 
have been doing for more than two thousand years! Nowa-
days, this topic has gotten intermingled with all kinds of 
other areas. 

For instance, I think a lot about things like the Cohen-
Lenstra conjectures, which, loosely speaking, ask, “What 
does the class group of a random number field look like?” 
It turns out that the version of Cohen-Lenstra having to 
do with random extensions of the field of rational func-
tions k(t) ends up being questions about the topology of 
certain moduli spaces of curves, called Hurwitz spaces. I 
never expected to be thinking about the complex of curves 
and stable cohomology theorems in algebraic topology in 
order to do number theory!

Another example I like: thanks largely to a beautiful 
result of Zeev Dvir, there is now a whole industry of using 
algebraic geometry to solve problems in extremal geomet-
ric combinatorics; a great example is Larry Guth and Nets 
Katz’s solution of the Erdős Distance Conjecture, that 
N points in the plane determine at least N/logN distinct DOI: http://dx.doi.org/10.1090/noti1395
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Jordan Ellenberg is the JohnD. MacArthur Professor 
of Mathematics and the Vilas Distinguished 
Achievement Professor of Mathematics at the 
University of Wisconsin.  

Diaz-Lopez: When did you know you wanted to be a math-
ematician?
Ellenberg: I knew I was interested in mathematics very 
early, in fact, as early as my memories go. I loved mental 

Jordan Ellenberg Interview
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distances. One thing I’ve 
been doing with coauthors 
like Marton Hablicsek and 
Daniel Erman is exploring 
the ways one can get new 
results in combinatorics 
from rather deep notions 
in algebraic geometry: 
for instance, the idea of 
degenerating a bunch of 
points in the plane to a 
“fat point” that is some-
how many points all lo-
cated in one spot (tech-
nically, a 0-dimensional 
punctual scheme) or the 
phenomenon of curves 
on which every point is 
a flex point (something 
that can only happen in 
characteristic p).

I also spend a lot of time thinking about general struc-
tures on moduli spaces. On the one hand, these are the 
things you study when you want to do something concrete, 
like counting solutions to equations. On the other hand, 
they often carry unexpectedly rich structures, actions of 
interesting categories that my collaborators and students 
and I are busy investigating. So representation theory, too, 
comes into the arithmetic geometry picture!

Diaz-Lopez: What theorem are you most proud of and 
what was the most important idea that led to this break-
through?

Ellenberg: I’m really proud of a theorem I proved with 
Akshay Venkatesh and Craig Westerland about the ge-
ometry of a family of spaces called Hurwitz spaces. This 
is not the place to explain exactly what that means, but 
I’ll explain the aspect I was proud of. We had been study-
ing one of the Cohen-Lenstra conjectures that concerns 
the variation in the structure of ideal class groups as 

you move around a large population of quadratic fields. 
We had formulated a kind of geometric analogue of this 
conjecture, which predicted a very unexpected regularity 
in the topology (specifically, in the cohomology) of these 
Hurwitz spaces. That seemed crazy! It made us doubt that 
the Cohen-Lenstra conjectures were true in the first place. 
But then, the more we thought about this topological ques-
tion, the more plausible it seemed that the regularity we 
were looking for was actually there. And then we proved 
it! It was incredibly satisfying to first perceive, without any 
ideas about proof at all, that a certain theorem “should” 
be there and then, bit by bit, to bring the proof into view.

Diaz-Lopez: What advice do you have for graduate 
students?

Ellenberg: Read a lot. Learn a lot. Do not decide “I like 
this kind of math but not that kind or that other kind.” 
If you like math, you like math. And you’d be surprised 
what you wind up needing.

Diaz-Lopez: All mathematicians feel discouraged oc-
casionally. How do you deal with discouragement?

Ellenberg: I think you should always have at least 
three projects going at once: one you know you can do, 
one you think you can do, one you’re pretty sure you 
can’t do. That helps keep some part of your life free from 
discouragement. Also, I try to remember that never being 
discouraged in math means you’re working on problems 
that are too easy.

Diaz-Lopez: If you were not a mathematician, what 
would you be?

Ellenberg: Probably a writer. I spent a whole year after 
college doing a creative writing degree. I thought seriously 
about whether I wanted to do that for a living. It’s a very 
hard life, so it’s lucky for me there’s such a thing as math.

Diaz-Lopez: If you could recommend one lecture to 
graduate students, what would it be?

Ellenberg: All young number theorists should read 
Serre’s A Course in Arithmetic; it somehow captures an 
immense amount of the spirit of the subject in a tiny 
amount of space.

Read a 
lot. Learn 
a lot. Do 

not decide 
“I like this 

kind of 
math but 
not that 

kind or that 
other kind.” 

Alexander Diaz-Lopez is a PhD student at the University of Notre Dame. Diaz-
Lopez is the first graduate student member of the Notices Editorial Board.



THE GRADUATE STUDENT SECTION

WHAT IS…

Aperiodic Order?
Michael Baake, David Damanik and Uwe Grimm

Communicated by Cesar E. Silva

With their regular shape andpronounced faceting, crystals
have fascinated humans for ages. About a century ago,
the understanding of the internal structure increased
considerably through the work of Max von Laue (Nobel
Prize in Physics, 1914) and William Henry Bragg and
William Lawrence Bragg (father and son, joint Nobel Prize
in Physics, 1915). They developed X-ray crystallography
and used it to show that a lattice-periodic array of atoms
lies at the heart of the matter. This became the accepted
model for solids with pure point diffraction, which was
later extended in various ways.

In 1982, the materials scientist Dan Shechtman dis-
covered a perfectly diffractive solid with a noncrystal-
lographic (icosahedral) symmetry; see Figure 1 for a
qualitatively similar experimental diffraction image. This
discovery, for which he received the 2011 Nobel Prize
in Chemistry, was initially met with disbelief and heavy
criticism, although such structures could have been ex-
pected on the basis of Harald Bohr’s work on almost
periodic functions. In fact, the situation is a classic case
of a “missed opportunity.” Let us try to illustrate this a
little further and thus explain some facets of what is now
known as the theory of aperiodic order.

Let us consider a uniformly discrete point set Λ
in Euclidean space, where the points are viewed as

Michael Baake is professor of mathematics at Bielefeld University.
His email address is mbaake@math.uni-bielefeld.de.

David Damanik is Robert L. Moody Professor and Chair of mathe-
matics at Rice University. His email address is damanik@rice.edu.

Uwe Grimm is professor and head of the Department of Mathe-
matics and Statistics at the Open University outside London. His
email address is uwe.grimm@open.ac.uk.

For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1394
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Figure 1. Dan Shechtman received the 2011 Nobel
Prize in Chemistry for his discovery of “impossible”
symmetries, such as the tenfold symmetry in this
electron diffraction image of an AlMnPd alloy
(intensity inverted).

idealizations of atomic positions.Much of the terminology
for such point sets was developed by Jeffrey C. Lagarias.
Placing unit point measures at each position in Λ leads to
the associated Dirac comb

𝛿Λ = ∑
𝑥∈Λ

𝛿𝑥.

June/July 2016 Notices of the AMS 647



THE GRADUATE STUDENT SECTION

L A S E R

O S

Figure 2. Schematic representation of an optical
diffraction experiment. The object (O) is illuminated
by a coherent light source, and the diffracted
intensity is collected on a screen (S), with sharp
intensity peaks arising from constructive
interference of scattered waves.

A diffraction experiment measures the correlation be-
tween atomic locations. Mathematically, this is expressed
through the diffraction measure, which is the Fourier
transform �̂�Λ of the autocorrelation

𝛾Λ = lim
𝑅→∞

𝛿Λ∩𝐵𝑅 ∗ 𝛿−Λ∩𝐵𝑅
vol(𝐵𝑅)

,

provided this limit exists in the vague topology, in which
a sequence of measures {𝜇𝑛} converges to 𝜇 if and only if
𝜇𝑛(𝑓) → 𝜇(𝑓) for all continuous functions 𝑓 with compact
support. This approach goes back to Hof (1995). Here,
�̂�Λ describes the outcome of a (kinematic) diffraction
experiment, such as that of Figure 2 with an optical
bench, which should be available in most physics labs for
experimentation.

For a lattice periodic point set, the diffraction measure
is supported on a discrete point set, namely, the dual
lattice. This implies that a tenfold symmetric diffraction
diagram, such as the one of Figure 1, cannot be produced
by a lattice periodic structure, as lattices in two or three
dimensions can only have two-, three-, four- or sixfold
rotational symmetry by the crystallographic restriction.
This raises the question of what types of point sets
can generate such new kinds of diffraction measures,
which are pure point but display noncrystallographic
symmetries.

Let us begin with an example. Already in 1974, Roger
Penrose constructed an aperiodic tiling of the entire plane,
equivalent to the one shown in Figure 3. Taking this finite
patch and considering the set of vertices as the point set
Λ, the diffraction measure is the one shown in Figure 4,
which resembles what Alan L. Mackay observed when
he performed an optical diffraction experiment with an
assembly of small disks centered at the vertex points
of a rhombic Penrose tiling shortly before the discovery
of quasicrystals. For an infinite tiling, the diffraction
measure is pure point and tenfold symmetric.

The Penrose tiling is a particularly prominent example
of a large class of point sets with pure point diffraction.
Such sets, which were first introduced by Yves Meyer and
are nowadays called model sets, are constructed from a

Figure 3. Fivefold symmetric patch of the rhombic
Penrose tiling, which is equivalent to many other
versions. The arrow markings represent local rules
that enforce aperiodicity.

cut and project scheme (CPS)

ℝ𝑑 𝜋←⎯⎯⎯⎯⎯⎯⎯⎯⎯ ℝ𝑑 ×𝐻 𝜋int⎯⎯⎯⎯⎯⎯⎯⎯→ 𝐻
∪ ∪ ∪ dense

𝜋(ℒ) 1−1←⎯⎯⎯⎯⎯⎯⎯⎯⎯ ℒ ⎯⎯⎯⎯⎯⎯⎯→ 𝜋int(ℒ)
‖ ‖
𝐿 ⋆⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯→ 𝐿⋆

where ℒ is a lattice in ℝ𝑑 × 𝐻 whose projection 𝜋int(ℒ)
to “internal space” 𝐻 is dense. The projection 𝜋 to
“physical space” ℝ𝑑 is required to be injective on ℒ
so that 𝜋 is a bijection between ℒ and 𝐿 = 𝜋(ℒ).
This provides a well-defined mapping ⋆ ∶ 𝐿 ⟶ 𝐻 with
𝑥 ↦ 𝑥⋆ = 𝜋int((𝜋|ℒ)−1(𝑥)). The internal space𝐻 is often a
Euclidean space, but the general theory works for locally
compact Abelian groups. A model set is obtained by
choosing a suitable “window” 𝑊 ⊂ 𝐻 and defining the
point set

Λ = {𝑥 ∈ 𝐿 ∣ 𝑥⋆ ∈ 𝑊} ⊂ ℝ𝑑.
The Penrose point set arises in this framework with a
two-dimensional Euclidean internal space and the root
lattice 𝐴4, while the generalisation to model sets with
icosahedral symmetrywas first discussed by Peter Kramer
in 1984. It was Robert V. Moody who recognized the
connections toMeyer’s abstract concepts and championed
their application in the theory of aperiodic order and their
further development.

For a nonempty, compact window that is the closure
of its interior and whose boundary has Haar measure 0,
the resulting model set has a diffraction measure that is
supported on the projection𝜋(ℒ∗) of the dual lattice and
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Figure 4. Central part of the (intensity inverted)
diffraction image of the patch of Figure 3, with point
measures placed on all vertex points of the rhombic
tiling.

hence is a pure point measure. The diffraction intensities
can be calculated explicitly in this setting.

While a pure point diffraction detects order, it is not
true that all ordered structures havepure point diffraction.
As an example, consider the bi-infinite sequence

…0110100110010110|0110100110010110…
and notice that it is invariant under the square of the
Thue–Morse substitution 0 ↦ 01, 1 ↦ 10. Now, take only
those 𝑥 ∈ ℤ that correspond to the positions of 1s
in this sequence. The diffraction measure of this one-
dimensional point set is not pure point, as it contains a
nontrivial singular continuous component.

There is a very useful connection between the diffrac-
tion measure and the spectral measures of an associated
dynamical system. Starting from a point set Λ ⊂ ℝ𝑑 of
finite local complexity (which means that, up to transla-
tions, there are only finitely many patches for any given
size), we define its hull

𝕏(Λ) = {𝑥 + Λ ∣ 𝑥 ∈ ℝ𝑑}
where the closure is taken in the local topology (closeness
forces coincidence on a large ball around the origin up
to a small translation). ℝ𝑑 acts on 𝕏(Λ) by translations.
Select an invariant probability measure 𝜇, which is always
possible. Then, one gets an action of ℝ𝑑 on 𝐿2(𝕏,𝜇)
via unitary operators. It is a fundamental result that
the diffraction measure is pure point if and only if all
spectral measures are pure point. More generally, the
spectral measures correspond to diffraction measures

associated with elements of certain topological factors of
the dynamical system (𝕏,ℝ𝑑, 𝜇).

For example, the diffraction measure of the Thue–
Morse point set consists of the pure point part 𝛿ℤ and a
nontrivial singular continuous component. The nontrivial
point part of the dynamical spectrum, which is ℤ[ 1

2], is
therefore not fully detected by the diffraction measure
of the Thue–Morse point set and shows up only in the
diffraction measure of a global 2-to-1 factor, which is a
model set with 𝐻 = ℤ2, the 2-adic numbers.

It is a somewhat surprising insight that the diffraction
measure, which is designed to reveal as much as possible
about the distributions of points and is thus clearly not
invariant under topological conjugacy, and the dynamical
spectrum, which is an important invariant under metric
conjugation of dynamical systems and thus blind to de-
tails of the representative chosen, have such an important
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Figure 5. Numerical approximation of the spectrum of
the 1D Fibonacci Hamiltonian (top) and of the
Cartesian product of two of them (bottom). The 𝑥-axis
corresponds to the energy 𝐸, and the 𝑦-axis to 𝜆. The
plots illustrate the instant opening of a dense set of
gaps for the 1D model as 𝜆 is turned on, whereas for
the 2D model there are no gaps in the spectrum for
all sufficiently small 𝜆.
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“overlap.” Consequently, one can translate various results
from either point of view to the other and profit from this
connection.

While the relation between dynamical and diffraction
spectra is by now well understood, it continues to be an
intriguing open problem to find the connection between
these spectra and the spectra of Schrödinger operators
associated with aperiodic structures. The interest in
the latter arises from quantum transport questions in
aperiodically ordered solids. In particular, anomalous
transport properties have for a long time been expected
(and are observed in experiments) and could recently be
rigorously confirmed in simple one-dimensional models.
Concretely, on ℓ2(ℤ), let us consider the bounded self-
adjoint operator, known as the Fibonacci Hamiltonian,

(𝐻𝜓)𝑛 = 𝜓𝑛−1 +𝜓𝑛+1 +𝜆𝑣𝑛𝜓𝑛

with potential 𝑣𝑛 = 𝜒[1−𝛼,1)(𝑛𝛼 mod 1) (with constant
𝛼 = (√5− 1)/2), which alternatively could be generated
by the Fibonacci substitution 0 ↦ 1, 1 ↦ 10. For 𝜆 > 8,
quantum states display anomalous transport in the sense
that they do not move ballistically or diffusively, nor do
they remain localized.

The spectrum of 𝐻, which is
𝜎(𝐻) = {𝐸 ∣ (𝐻− 𝐸⋅1) is not invertible},

has a dense set of gaps; see Figure 5. All spectral
measures associated with 𝐻 by the spectral theorem
are purely singular continuous, while diffraction and
dynamical spectrum are pure point in this case. For
all values of the coupling constant 𝜆, there are now
quantitative results on the local and global Hausdorff
dimension of the spectrum and on the density of states
measure. On the other hand, similar results are currently
entirely out of reach for Schrödinger operators associated
with the Penrose tiling. However, there is recent progress
for higher-dimensional models obtained as a Cartesian
product of Fibonacci Hamiltonians; see Figure 5 for an
illustration (of proven properties of the spectrum).

Our above sketch is just one snapshot of a field with
many facets and new developments. Connections exist
with many branches of mathematics, including discrete
geometry, topology, and ergodic theory, to name but a
few. Aperiodic order thus provides a versatile platform
for cooperation and proves the point that mathematics is
a unified whole, not a collection of disjoint subjects.

Further Reading
[1] M. Baake and U. Grimm, Aperiodic Order. Volume 1: A Math-

ematical Invitation, Cambridge University Press, Cambridge,
2013. MR3136260

[2] J. Kellendonk, D. Lenz, and J. Savinien (eds.), Mathematics
of Aperiodic Order, Birkhäuser, Basel, 2015. MR3380566
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COMMUNICATION

Remembering Mark Mahowald
1931–2013
Douglas C. Ravenel
with contributions by Martin C. Tangora, Stewart B. Priddy, Donald M. Davis, and Mark J. Behrens

Introduction
Mark Mahowald was a dominant figure in algebraic topol-
ogy for decades. After being trained as an analyst he
became a self-trained homotopy theorist in the early
1960s. His 1967 AMS Memoir The Metastable Homotopy
of 𝑆𝑛, with its dozens of charts packed with arcane in-
formation, established him as a master of computations
related to the homotopy groups of spheres. It came to be
known in the field simply as “the red book.” It was the
unanimous opinion of experts that he knew this subject
far better than anyone else. His insight and intuition were
legendary. Countless coworkers benefited from his ideas
and advice.

Mark first attended college at Carnegie Tech in Pitts-
burgh and planned to major in chemical engineering.
After two years, knowing that his father could not afford
to support him any longer, he joined the naval ROTC so
he could support himself with the four-year scholarship
that they offered. At the same time he transferred to
the University of Minnesota and changed his major to
mathematics “because I could get a degree faster that
way.”

In 1963 Northwestern hired him as a full professor
at the age of thirty-one. Within a decade Northwestern
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Mahowald sailing on Lake Michigan with colleague
Carl Verhey in 1968.

hired four more algebraic topologists and became one
of the leading centers of homotopy theory in the world.
Mark was the prime mover in the creation of the Midwest
Topology Seminar, which meets three weekends a year to
this day.

He had a lifelong passion for sailing. He built himself a
small sailboat as a teenager. After moving to Chicago he
became involved in racing on Lake Michigan. He named
three succesive sailboats Thetajay, a reference to the
notation 𝜃𝑗 for certain hypothetical elements in the stable
homotopy groups of spheres.

Recollections of Students and Colleagues

Martin C. Tangora
When Mark Mahowald came to Northwestern in 1963, I
was very discouraged. It was not at all clear how I could
finish my PhD before the time limit ran out. Around that
time Peter May came to the Chicago area to talk about
his thesis, and Mahowald and Bob Williams told me that
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Mahowald (center) with his former students Marty
Tangora (left) and Mike Hopkins (right) at a
conference about the 𝜃𝑗s in Edinburgh in April 2011.

if I could find a way to use a computer to push the
computations in May’s thesis, I could have a thesis of my
own.

The topic was perfect for me, and pretty soon I was
extending the computations of Ext (by hand), and Mark
was phoning me at night to ask me questions. One got the
impression that Mark was always working, from before
breakfast until late at night. And one quickly got the
impression that he expected, or hoped for, the same
diligence from everyone else. Before long, whenever we
saw each other in the hallway, he would ask me, “Any
new theorems?” He asked this with a smile, but it did put
some pressure on. In August my diary says, “I never get
any ideas—he gets so many!”

It was a very productive summer. Every day I would
push Ext a little further and then drop in on Mark in
his office, where he would show me stuff that I could
not hope to understand. It was to be his famous Memoir.
But he was also writing our first paper on differentials in
the Adams spectral sequence, and in his bibliography he
cited my thesis, although I had not even begun to write it,
much less know that it would be accepted.

In June, I had a dream where we had gone to the
University of Chicago for a seminar, and when we came
out of the talk, Mark said to me, “Let me show you what
I’ve got here.” He pulled a crystal ball out of his pocket
and started to pull from it long chains of brightly colored
beads and flowers.

One day in November he gave me a problem at 10 a.m.,
and when he saw me again at 2 p.m., he asked me, “Any
progress?” In the meantime I had taught two classes
and gone to lunch. This kind of friendly pressure was
wonderful but harrowing.

Mark knew that what he considered a proof was not
always accepted as such by other mathematicians. I can
still hear Frank Adams’s loud protests coming from
behind the closed door of Mark’s office when Frank was
visiting.

OnceMark said in a talk, “Is this obvious to everybody?”
(pause) “It’s probably true!” Often he would start to give a

proof, and then founder, and look around at his puzzled
audience, and then say, “Well, how about this?” and try
a completely different argument. There was also a time
when someone asked him about a statement that he had
just made in a talk, and Mark said, “Well, that’s trivial.
And if you give me a minute, I’ll try to think why it’s
trivial.”

Once a colleague who tended to use lots of different
alphabets on the chalkboardwas giving a talk and stopped
to look in the lectern desk to see if there was any colored
chalk. Mark said, “If you have colored chalk, you can use
the same letter for everything!”

Mark was not strong on the Greek alphabet. He some-
times would write a squiggle on the board, and if asked,
would say, “That’s the universal Greek letter.” (He meant
either lowercase zeta or xi.) Once he asked what an upper-
case xi would look like, and when someone showed him,
he said, “That’s perfect! That’s the next best thing to not
giving it a name at all.”

Stewart B. Priddy
As a fresh PhD contemplating a job interview at North-
western University, I had some questions: “What sort of
man is Mark Mahowald?” “What about his mathematics?”
Answers from my mentors: “Well, he is a big man; a
former Marine; a force from the North.” “He is a deep
mathematician, but his arguments are often difficult to
follow.” I decided to consult his 1967 AMS Memoir. From
this it was clear he was adept at computing homotopy
groups of spheres, a notoriously complicated, difficult
subject. It appeared that a profound but elemental force
was at work here. This and all I had been told turned out
to be true, in spades!

At this time, 1968, Mark was building a group in homo-
topy theory. Almost every algebraic topologist passing
through Chicago came to lecture at the weekly seminar
led by Mark, who absolutely insisted on a lecture every
week without fail. Hiroshi Toda of Kyoto came for a
year. Watching them draw curlicue cell diagrams was
awesomely mystifying.

Mark was a leading force in the Midwest Topology
Seminar, a quarterly Saturday meeting in the Chicago
area with a yearly meeting at other universities in the
Midwest. For a couple of decades Mark was the coor-
dinator for this series, which contributed immensely to
activity in the field. It was always de rigueur to invite an
outside speaker with a hot new result in topology. During
those decades (1970–2000) Northwestern had a series of
Emphasis Years in various subjects rotating every four
years or so. There were long-term senior visitors and
two junior positions reserved for the year. Because of
Mark’s vigorous leadership, topology got more than its
share of these resources. His strategy was to keep an
excellent candidate in the wings in case there was an
extra slot available. He was such a dominant player in
the department that he often prevailed. Associated with
these years was an international conference where many
of the seminal results in the field were exposed for the
first time. Gunnar Carlsson described his solution to
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From L to R: Topologists Fred Cohen, Martin
Bendersky, Mahowald, and his former student Mike
Hopkins at a 2008 conference in Valle de Bravo,
Mexico.

the Segal Conjecture, Haynes Miller explained his proof
of the Sullivan Conjecture, the always-formidable Frank
Adams gave his view of Mahowald’s new infinite family of
elements in the homotopy groups of spheres. All this was
terribly exciting and as one of my former MIT instructors
said, those conferences helped put Northwestern mathe-
matics on the map. Central to all this activity was Mark’s
energetic leadership.

Many of our most talented students were attracted to
the depth of Mark’s lectures. One was W. H. Lin, whose
solution to the first case of the Segal Conjecture started an
extended industry engagingmany others and culminating
with Carlsson’s work. Another was Michael Hopkins,
who won a Rhodes Scholarship, then returned to get a
second PhD with Mark; it was difficult to escape Mark’s
spell. Young people from the University of Chicago—Paul
Goerss, Mark Behrens, and others—were often found
in his office. During the heyday of homotopy theory
at Northwestern, Mark was one of the most important
people in shaping careers. He continued to be active and
influential until the last weeks of his life.

Donald M. Davis
I was very fortunate to have a forty-year collaboration
with Mark Mahowald, resulting in thirty-five published
papers, with publication dates extending from 1975 to
2014. He taught me more about homotopy theory than I
will ever know.

My Stanford thesis advisor, Jim Milgram, knew that
Mark and I would be a good pair, and they arranged for
my postdoctoral position at Northwestern in 1972–74. My
thesis was related to the problem of finding the smallest
Euclidean space in which real projective 𝑛-space could be
immersed, and Mark was a top expert on this question.

In my first meeting with Mark he asked me what
I was working on. I explained a certain approach to

the immersion problem (that never amounted to much),
and he suggested a totally different approach, which
I immediately began to study. It involved an inductive
argument, largely numerical but with a lot of underlying
topology to justify the induction. We were never able to
prove the part that he really wanted, one with which he
was quite obsessed over the years. In the end, we needed
a compatibility condition that he felt should be satisfied,
but he could never convince me that it was provable.

This was very typical of our work. He had enormous
insight but needed people like me to pin it down.

One time I didn’t do a good enough job. In a 1982 paper
[DM82], we proved that there could not be a spectrum
with certain cohomology groups. In the late 1990s Haynes
Miller and Mike Hopkins introduced some new spectra
and, together with Mark, discovered that one of them
had precisely the cohomology that we had shown to be
not realizable. With great effort, Mark eventually realized
that the mistake in our work had come from an error in
the published information about the homotopy groups of
spheres. Ironically, Mark and I were then able to use this
new spectrum, tmf , to obtain some new nonimmersion
results for real projective spaces [BDM02].

Working withMark was great fun. We shared a common
interest in sports, which we enjoyed discussing. Unfor-
tunately, the first time he took me sailing I got seasick
and never went again. We spent the fall of 1982 at the
University of Warwick with our wives. I bought a car,
and we frequently took the Mahowalds on weekend road
trips. This and a 1990 stay together in Oxford were great
experiences for me, thanks to Mark. In each case he was
invited and then managed to extend the invitation to
include me.

I visited Northwestern many times to work with Mark,
usually staying with him and his wife, Zoe. I very much
appreciated their hospitality. I also spent 1978–79 as
visiting associate professor at Northwestern, with my
family. That was possibly the coldest, snowiest winter
ever in Chicago. But a new 20-inch snowfall on top of
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Mahowald with Donald M. Davis in Mexico.
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twenty that had already fallen did not deter Mark from
driving me and the rest of the NU topology group to the
Midwest Topology Seminar at the University of Chicago.
We were about the only car on the road. This was Mark;
nothing could stop him.
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Mark J. Behrens
I first met Mark Mahowald as a prospective graduate
student visiting Northwestern University. As an under-
graduate I had been studying homotopy theory with
Norihiko Minami, a graduate from the Northwestern
school of topology, and Mahowald met with me for a full
hour to talk about his current research. I was immediately
bewildered with some weird mixture of the Steenrod
Algebra, certain polynomial equations over 𝔽4, and the
random appearance of the group 𝑆𝐿2(𝔽3). Frankly, I had
no idea what was going on but courteously pretended
that I did.

Only later did I discover that he was trying to tell
me about the supersingular elliptic curve at the prime 2
and his latest gadget, Topological Modular Forms (tmf for
short, but back then it was called 𝑒𝑜2). I remember as a
first-year graduate student at PeterMay’s sixtieth birthday
conference jokingwithmy fellow graduate students about
the prospects of “𝑒𝑜2 resolutions” after hearing a similarly
incomprehensible talk Mahowald gave at the conference.
Little did I know that in a few short years I would be
hanging onto every word that this man said and shaping
my career around the stuff he was talking about.

Indeed, I was bitten by the computation bug the
following year, and my advisor, Peter May, suggested I go
up to Northwestern to talk with Mahowald about possible
thesis projects. It was not long until I was commuting
up to Northwestern every week to talk to Mark to learn
about his unique perspectives on the stable homotopy
groups of spheres. Amazingly, he would devote his entire
afternoons to talking with me. Talking with Mark was like
learning a language by the immersion technique. At first,
I had no idea what he was trying to tell me. Each week, I
would ask him the same questions, and he would politely
pretend I hadn’t asked him the same question the week
before and give a different explanation, until one took.
His vision, passion, and mathematics will dominate my
own work for the rest of my life.

I would later learn that he regularly took graduate
students and postdocs under his gentle wing in this
manner, initiating them in an oral tradition of homotopy
theory that cannot be learned from any paper or book.
Mark was generous with his ideas and would freely hand

off amazing theorems to young mathematicians whose
task was to provide a proper proof.

Mark’smathematics is best described as nontraditional.
Arrows in his diagrams often lacked heads, for he was
inevitably going to get the direction wrong. Once when
he was talking about duality, I noticed he subconsciously
started to write “𝑜𝑑” instead of “𝑏𝑜.” Rob Thompson
recently told me that Mark said he wasn’t concerned that
the 𝑏𝑜-based Adams spectral sequence didn’t have an
𝐸2-term expressible as an Ext group, because he “never
understood homological algebra anyways.” Indeed, for
Mark everything could be thought of as a CW complex
and drawn with his idiosyncratic “cell diagrams.”

Mark’s talks were always difficult for folks to under-
stand. A geometer once told me about a talk Mark gave
which began “In this talk, all spaces are mod 2.…” He told
me he didn’t understand this or anything that followed.
His writing was equally difficult to grasp at times. Perhaps
hewas giftedwith an extraordinary vision and cursedwith
an inability to put it into words. I, however, believe that
there are no words adequate to describe his incredible
world-view of computational homotopy theory.

For Mark, mathematics was not so much about the
big theorem as understanding the bigger picture. The
homotopy groups of spheres were full of mysteries, and
he was the oracle. His standards of proof were different
than is typical in our field—at times it felt he was
more like a physicist with brilliant intuition than an
uptight mathematician bound by the restraints of rigor.
Mark told me that the Kervaire invariant elements were
“simultaneously 𝑣2-periodic and 𝑣𝑛-periodic for all 𝑛”—a
paradoxical situation that somehow strengthened Mark’s
hope to prove they all existed, but as Hill-Hopkins-Ravenel
later discovered, forced their eventual nonexistence. For
Mark, a theorem was proven by understanding why it
was true, by placing it in a philosophical setting where
its truth was so self-evident he could come up with a
half dozen different arguments for its validity. He always
told me that when doing a computation, arrive at the
answer through two independent means so as to make
sure you don’t make a mistake. I think Adams summed
up Mahowald’s enigmatic brilliance the best in his review
of his paper “The primary 𝑣2-family”:

This is mathematics as it is lived; some of it seems
like work in progress. May it continue to progress.

Douglas C. Ravenel
Mark Mahowald was an inspirational mathematician. I
met him in the mid-1970s, early in my career. He was
hugely encouraging and made me feel like I had just met
a rich uncle I never knew I had. Like everyone else, I was
impressed by the depth of his intuition and insight. I got
the impression he could do the Adams spectral sequence
in his sleep.

If you do not know what the Adams spectral sequence
is, you will not learn it here. Suffice it to say it is an
exquisite mystery that hard-core homotopy theorists like
Mahowald have a long-term love-hate relationship with.
He could draw charts of it with abandon, explaining
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Mahowald on the occasion of being named
Henry S. Noyes Professor in Mathematics at
Northwestern University, 1988.

patterns known only to him like they were mechanical
devices. For him the homotopy groups of spheres were
familiar tangible objects, like the furniture in his house.

In 1999 there was a homotopy theory meeting at Ober-
wolfach which, to my lasting regret, I missed. There was
an evening lecture by a young German named Christian
Nassau. He had a new computer algorithm for producing
charts of the Adams spectral sequence. The talk was
technical and possibly boring until the very end.

Then he produced a spectacular slide showing much
more of the spectral sequence than anyone had ever seen
before. Mahowald jumped out of his chair and ran to the
front of the room, talking about newly revealed patterns
in the picture and what they meant. It was as if he had
been waiting his whole life to see that picture.

Talking to Mark was like riding a comet, a transporting
but often bewildering experience. I heard many people
say they had a five-minute conversation with him that
was very profound and spent the rest of the day trying to
figure out what he had said.

One of my favorite recollections is of a discussion we
had at a conference at Northwestern in 1977. He was very
excited about some things he had recently discovered.
I could almost follow what he was saying, but it was

not easy. Confusingly, he used the term “Hopf invariant”
twice in the same sentence with two different meanings!
When the conference ended, it was Haynes Miller’s job to
drive me to the airport. Mark gave him directions that
involved virtual streets, but I did make my plane.

Listening to him lecture was even more puzzling. He
had wonderful things to say, but nearly every line of
it was garbled in some way, the terminology not quite
right or the arrows going in the wrong direction. Polished
elegance was not his style.
Some Mahowaldisms:
• Advice on traveling to Europe: “Pack two suitcases

very carefully and leave one of them at home.”
• When he was department chair, he was asked by the

staff if they could throw out some old documents.
His answer: “You can throw out anything you want,
provided you make a copy of it first.”

• When discussing a certain finite abelian 2-group in
algebraic topology, he said it was a vector space. When
told that it had elements of order 4, he said, “That’s
what I meant, a Z/4-vector space.”

• Referring to the notation in Toda’s book on the
homotopy groups of spheres, written just before Mark
got into the game: “One should call these elements by
their first names.”

• “The element 𝜂 is not in the Image of 𝐽 for personal
reasons.”

His Relationship with Adams
Mark’s contemporary FrankAdamswas, up until his death
in 1989, the preeminent algebraic topologist in the world.
His style was quite different from Mahowald’s. Unlike
Mark, he would never discuss his intuition, only finished
mathematics. They knew and respected each other and
had a cordial relationship. However, there was a certain
wariness on both sides that was fun to watch. Adams,
who had his own unique sense of humor, wrote a poem
about Mahowald.

The school at Northwestern
is as fertile as manure,

full of deep insights,
some rather obscure.

Mark loves those damn thetas
like a sister or brother,

and if you don’t like one proof
he’ll give you another.

While his mathematics was overwhelming, Mahowald’s
personality was quite gentle. There was not a trace of ar-
rogance or intimidation. He was easy-going, unassuming,
and very friendly. He never held a grudge. It was impos-
sible not to like him. His sixtieth birthday celebration in
1991 had the best mathematical roast I have ever been to.
There were dozens of stories about his quirky behavior,
each told with great affection.

He was a major reason why it is fun to be an algebraic
topologist. The subject is not the same without him.
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COMMUNICATION

Sandy Green As I Knew Him
             Personal impressions to memorialize Professor J. A. Green as a teacher and a friend

           Ahmed A. Khammash 

Professor J. A. Green (or Sandy 
Green, as people used to call 
him) passed away on April 7, 
2014. This short note is a per-
sonal impression to memori-
alize Sandy as a teacher and a 
friend, recorded from my expe-
rience at Warwick University as 
a graduate student under his 
supervision, as well as from 
notes and letters which I trea-
sure with great honor. San-
dy’s outstanding achievements 
were summarized in his Lon-
don Mathematical Society De 
Morgan Medal citation [PC]: “It 
is internationally agreed that 
Green is one of those who have 
most shaped modern represen-
tation theory, and he enjoys 
widespread respect and affec-
tion.” And from Karin Erdman’s 
consolation message [KE]: 

He has made a huge im-
pact on representation 
theory. Highlights include 

the characters of general linear groups over 
finite fields, the “Green correspondence”, the 
Green functions. His monograph on polynomial 
representations of GLn (where he introduces 
Schur algebras) has become very influential 
and the basis of a lot of recent research. He 
was strongly involved in the development of 

the classical Hall algebra theory. Many will 
have seen his theorem on Hall algebras, which 
describes for a quiver the positive part of the 
corresponding quantum group. 

When I arrived at the University of Warwick in the 
autumn of 1982 to pursue my graduate studies in alge-
bra, Christopher Zeeman, chairman of the mathematical 
institute, told me, while he was making his afternoon cup 
of tea at the department kitchen, that the department 
had appointed Green as my supervisor. At that time, 
despite Sandy’s worldwide scientific reputation, the only 
information that I knew about him was what was written 
on the board of the institute staff: his name, his photo, 
and the directions to his office. The next day he greeted 
me warmly and took a small diary book out of his pocket 
in order to fix the time of our weekly meetings. Then he 
handed me Sutherland’s Introduction to Metric and To-
pological Spaces and pointed at an exercise at the end. I 
realized only afterwards that topology is an essential tool 
in modular representation theory. 

Sandy was very organized in teaching and lecturing. 
Although he came to class with beautifully hand-written 
lecture notes, he never consulted them. He was fond of 
concrete examples. When he would teach a deep and 
constructive subject such as 
Auslander-Reiten theory, co-
homology of groups, modular 
representations or invariant 
theory he would not give gen-
eral theories or construction 
algorithms without giving 
concrete detailed examples; 
he liked to give examples of 
how to construct almost split Auslander-Reiten sequences 
and A-R quivers for certain finite-dimensional algebras. 
The interactive class was one of his favorite methods; 
he would mandate each student in the class to teach one 
lecture. When he asked me early in my first semester to 
give a lecture, I demurred. He responded, “It is very dan-
gerous to refuse.” 

Ahmed A. Khammash is professor of mathematics at Umm Al-Qura 
University, Mecca, Saudi Arabia. His email address is aakhammash@
uqu.edu.sa.

For permission to reprint this article, please contact:
reprint-permission@ams.org.

DOI: http://dx.doi.org/10.1090/noti1392

Sandy was a sociable 
person with a very 
humble, simple, and 
inspiring character.
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Sandy liked details, coherence, rigorous proofs, and ex-
amples enhanced with explanatory figures and diagrams. 
Below is Sandy's careful illustrative examples of the Lyn-
don-Hochschild-Serre spectral sequence.

Sandy was a sociable person with a very humble, simple, 
and inspiring character. He spoke in a very relaxing and 
convenient way so that you would not get tired of talking 
to him. M. Collin wrote  [MC]: 

Above all, Green should be described as a 
“gentle man.” His voice was never raised; logic 
and clarity sufficed. His lectures were a model 
of elegance and precision, with a delivery rem-
iniscent of Brauer’s. But while he was a math-
ematician first, he was never aggressively so, 
and maintained a balance of interests, whether 
French literature, gardening or his family, and 
he brought the same degree of interest and 
care to all those whom he met professionally, 
whether faculty or students.
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ANALYSIS

Recent Trends in Bachelors Degree 
Recipients in Mathematics at US 
Institutions
Thomas H. Barr, James W. Maxwell, and William Yslas Vélez

Introduction
The purpose of this article is twofold. First, we seek 
to make the Notices reader aware of a rich source of 
data on collegiate education available from the federal 
government, and second, to illustrate the value of this 
data by reporting on the race/ethnicity profile of bachelors 
degree recipients majoring in mathematics, statistics, or 
mathematics teacher education.

The US Department of Education’s National Center 
for Education Statistics (NCES) gathers detailed data 
on numerous aspects of postsecondary education in 
the US. The data is reported to the NCES by the central 

administration of each of the postsecondary institutions in 
the US; and participation is very close to 100%. The data is 
publicly available online via the Integrated Postsecondary 
Education Data System (IPEDS) [nces.ed.gov/ipeds/]. 
The present report provides a short summary of the IPEDS 
data on the individuals who completed a bachelors degree 
with a major in mathematics, statistics, or mathematics 
teacher education for the three academic year cycles 
2002–2003, 2007–2008 and 2012–2013. The data used to 
produce this summary is available in a user-friendly form 
on the AMS website [www.ams.org/profession/data/
other-sources/other-sources].

2002–2003 
Academic Year

2012–2013 
Academic Year

% change 
2002–2003 to 

2012–2013

Total bachelors degrees awarded in all disciplines 1,373,582 1,796,905 30.8%

Total of these awarded to Non-resident Aliens 44,220 68,001 53.8%

Totals for selected subject areas

Biological and Biomedical Sciences (26) 61,285 103,096 68.2%

Computer and Information Sciences and Support Services (11) 48,882 38,906 -20.4%

Engineering (14) 63,177 86,547 37.0%

Mathematics and Statistics (27) 14,000 23,839 70.3%

Physical Sciences (40) 18,847 29,303 55.5%

Total for selected areas 206,191 281,691 36.6%

Total for selected areas as a % of all bachelors degrees 15.0% 15.7%

Note: Numbers in parentheses after each subject area are codes from NCES's Classification of Instructional Programs. For more information 
on IPEDS visit nces.ed.gov/ipeds/ . 

Thomas H. Barr is AMS Special Projects Officer. James W. Maxell is AMS Coordinator of Special Projects. William Yslas Vélez is a professor 
in the Department of Mathematics at University of Arizona. 

Table 1: Profile of bachelors degree recipients as reported by the National Center for Education Statistics 
via its Integrated Postsecondary Education Data System (IPEDS).

http://nces.ed.gov/ipeds/
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The Big Picture: Who and how many earn these 
degrees?
Table 1 compares the total number of bachelors degrees 
awarded by four-year public and not-for-profit institutions 
during 2002–2003 with the totals awarded during 2012–
2013. For context, the table also contains the same 
comparison in a selection of science and engineering 
disciplines. Over this ten-year span, the number of 
bachelors degrees awarded in all disciplines of science 
and mathematics combined increased 31%, and the number 
of these degrees earned by non-resident aliens, while 
small overall, grew by 54% over this same ten-year period. 
The largest percentage increase in any of the disciplines 
listed was the NCES-defined discipline of Mathematics and 

Statistics with an increase of 70%, followed closely by the 
68% increase in Biological and Biomedical Sciences.

Table 2 provides a profile of combined counts of 
bachelors degrees awarded to majors in the three NCES 
disciplinary categories relevant to this report: Mathematics 
and Statistics, Mathematics Teacher Education, and 
Computer Science and Mathematics. For simplicity, we refer 
to these three as math-related bachelors. The bottom line of 
the table shows that the number of math-related bachelors 
degrees has grown significantly since the baseline year of 
2002–2003, up by 65% in 2012–2013. The number of US 
citizens and permanent residents earning these degrees 
is up by 55% over the ten years since 2002–2003. From 
its relatively small total of 764 in 2002–2003, the number 
of these degrees awarded to non-resident aliens grew to 

2,734, an increase of over 250% over ten years with most 
of the increase coming in the five years since 2007–2008. 
Though not separately displayed in Table 2, the number of 
bachelors degrees awarded to majors in the NCES category 
Computer Science and Mathematics is very small, below 
200 in each of the years. 

From the 2010 CBMS survey [www.ams.org/
profession/data/cbms-survey/cbms2010], Table 
SP.25, approximately 15% of the 2009–2010 bachelors math 
majors were reported by their department to be headed to 
graduate school in mathematics or statistics. The estimate 
of 1st year underrepresented minority graduate students 
in fall 2013 derived from Table GS.2 [www.ams.org/
annual-survey/2013Survey-DepartmentalProfile-
Report.pdf] of the Fall 2014 Departmental Profile Report, 
is 192. This number is surprisingly small given that Table 

2 shows there were over 3,100 bachelors degrees awarded 
to underrepresented minority students during 2012–2013. 

Table 2 also shows the relatively low number of bachelors 
degrees awarded to mathematics teacher education majors, 
dropping from 9.6% of all degrees for 2002–2003 to 8.5% 
for 2012–2013. Furthermore, these degrees go more 
frequently to females than for all degrees combined, and 
underrepresented minorities are even less well represented 
here than in all the degrees combined. For additional details 
on these degrees, see Table 4.

Table 3 shows tallies of math-related bachelors degrees 
grouped according to the highest degree awarded by 
the mathematics department at the institution. From 
2002–2003 to 2012–2013, the number of degrees is up 
significantly across all three subcategories. Keep in mind 
that the NCES data is institutional, not departmental, 
and consequently the bachelors recipients in the NCES 

2002–2003 2007–2008 2012–2013

Total Math-related Majors 15,183 18,298 23,505

Percent Female 46.4% 45.8% 44.0%

Percent Underrepresented Minority 1 11.6% 11.4% 13.5%

Mathematics Education Majors 1,525 1,924 2,211

Percent Female 66.2% 67.3% 66.8%

Percent Underrepresented Minority 1 7.4% 7.0% 9.8%

Total Math-related Majors 764 903 2,734

Percent Female 36.0% 39.8% 44.4%

Number of Math Education Majors 6 13 12

Domestic and Foreign majors combined 15,947 19,201 26,239

g y y ( )

1 Percent after deleting counts of individuals whose race/ethnicity was reported as unknown  and, in 2012–2013, as 2 or more 
races. See  Data Source Notes on p. 661 of this report for further details on the data and the definition of underrepresented 
minorities.

July to June Reporting Year

Domestic (US Citizen or Permanent Resident)

Foreign (Non-resident Alien)

Table 2: Profile of US math-related bachelors degree recipients as reported by the National Center for Education 
Statistics via its Integrated Postsecondary Education Data System (IPEDS).

http://www.ams.org/profession/data/cbms-survey/cbms2010
http://www.ams.org/profession/data/cbms-survey/cbms2010
http://www.ams.org/annual-survey/2013Survey-DepartmentalProfile-Report.pdf
http://www.ams.org/annual-survey/2013Survey-DepartmentalProfile-Report.pdf
http://www.ams.org/annual-survey/2013Survey-DepartmentalProfile-Report.pdf
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totals could have come from a mathematics, applied 
mathematics or statistics department, and in a very 
small number of instances, from a computer science 
department. Grouping the institutional data in this way 
produces totals analogous to the totals reported in the 

AMS Annual Survey of Mathematical Sciences, which show 
the same trend in numbers as the NCES data. 

When the counts of math-related degrees are totaled for 
those US citizens and permanent residents whose race/
ethnicity classifications make up the underrepresented 

2002–2003 2007–2008 2012–2013

Total Majors 7,019 8,595 12,578

Total US citizens & Permanent Residents 1 6,211 7,619 9,838

   Percent Female 40.8% 39.7% 37.3%

   Percent Underrepresented Minority 9.9% 9.4% 11.7%

Total Majors 2,851 3,605 4,605

Total US citizens & Permanent Residents 1 2,601 3,257 4,132

   Percent Female 52.4% 51.9% 49.7%

   Percent Underrepresented Minority 18.6% 18.8% 20.5%

Total Majors 6,077 7,001 9,056

Total US citizens & Permanent Residents 1 5,630 6,362 8,011

   Percent Female 50.5% 51.3% 49.9%

   Percent Underrepresented Minority 10.2% 10.0% 12.1%
1 Excludes individuals whose race/ethnicity was reported as unknown  and in 2012–2013 as 2 or more races.

July to June Reporting Year

Table 3: Profile of US math-related undergraduate degree recipients by mathematical science department 
groupings based on data from the National Center for Education Statistics.

All Institutions with Doctoral Math Department

All Institutions with Master's Math Department

All Institutions with Bachelor's Math Department

Table 4: Profile of undergraduate degree recipients with a major in Mathematics Teacher Education as reported 
by the National Center for Education Statistics via its Integrated Postsecondary Education Data System.

2002–2003 2007–2008 2012–2013

Total Majors 457 580 593

Total US citizens & Permanent Residents 1 445 571 564

   Percent Female 67.6% 69.5% 65.0%

   Percent Underrepresented Minority 6.1% 7.4% 8.9%

Total Majors 436 537 615

Total US citizens & Permanent Residents 1 412 503 586

   Percent Female 68.7% 66.4% 67.1%

   Percent Underrepresented Minority 9.7% 8.2% 12.3%

Total Majors 638 820 1,015

Total US citizens & Permanent Residents 1 622 790 973

   Percent Female 62.1% 66.6% 68.2%

   Percent Underrepresented Minority 6.8% 6.1% 8.8%
1 Excludes individuals whose race/ethnicity was reported as unknown  and in 2012–2013 as 2 or more races.

Table 4: Profile of undergraduate degree recipients with a major in Mathematics Teacher Education as reported 
by the National Center for Education Statistics via its Integrated Postsecondary Education Data System.

July to June Reporting Year

All Institutions with Doctoral Math Department

All Institutions with Master's Math Department

All Institutions with Bachelor's Math Department

Table 3: Profile of US math-related undergraduate degree recipients by mathematical science department 
groupings based on data from the National Center for Education Statistics.
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minorities, the data show an increase in the proportion 
of degrees awarded to underrepresented minorities over 
the ten years covered in Table 3. Most of the increase 
came within the most recent five years. For 2012–2013 
underrepresented minorities make up just under 20.5% 
of the total baccalaureate degree recipients in institutions 
whose highest degree awarded in mathematics is a 
masters. This percentage is more than eight percentage 
points higher than for the two groupings of institutions 
whose math department’s highest degree awarded is a 
bachelors or a PhD. Turning once again to NCES data 
on undergraduate enrollments, one discovers that these 
masters institutions have a considerably higher proportion 
of their total undergraduate enrollment made up of 
students from underrepresented minorities than for the 
other two groups of institutions. For 2012–2013, the 
percentages of total (US citizen plus permanent resident) 
undergraduate enrollment in the underrepresented 
minorities categories are 24%, 37%, and 28% for doctoral, 
masters, and bachelors institutions, respectively. 

Sources: Which institutions produce most of the 
degrees?
Table 5 gives some distributional statistics on the list of 
math-related bachelors degrees reported for 2012–2013. 
One striking result of this analysis not evident in Table 
5 is that the institutions at or above the 90th percentile 
in terms of degrees awarded account for 47% of all math-
related bachelors degrees.

Table 6 (following page) lists the first fifty institutions 
when the NCES list of 1,267 institutions is sorted from 
highest to lowest on the number of math-related degrees 
reported by the institutions for 2012–2013. When the 
same list is sorted on the column “Math-related Bachelors 
per 1,000 Undergraduate FTE enrollments”, the result is 
a list whose first fifty institutions are shown in Table 7 
(following page). The highlighted institutions are those 
that appear in both lists. 

There are two notable differences between the 
institutions shown in Table 6 and Table 7. Of the 
institutions listed in Table 6, all have doctorate-granting 
mathematics departments except for Grand Valley State 
University and CUNY Queens College. Furthermore, 

thirteen of the institutions are private not-for-profit. In 
Table 7 thirty-four of the institutions have a mathematics 
department whose highest degree awarded is a bachelors 
degree and forty-four of the fifty institutions are private.

IPEDS Counts versus Annual Survey Counts
The numbers of bachelors degrees awarded by 

mathematical sciences departments are gathered each 
year through AMS' Annual Survey of the Mathematical 
Sciences.  The data collected are used to estimate total 
bachelors degrees awarded in the mathematical sciences, 
and an analysis is reported annually in Notices of the AMS. 
For 2013, the Annual Survey requested that departments 
report the total bachelors degrees awarded to their 
majors during the period July 1, 2012 through June 30, 
2013, the same time frame used for IPEDS reporting. 
Hence, it is natural to ask how these two counts compare. 
The short answer is that they are roughly comparable. 
The IPEDS counts and the Annual Survey counts for 
2012–2013 are in very close alignment for institutions 
with a doctorate-granting or with a masters-granting 
mathematics department. The Annual Survey estimate 
for institutions with bachelors-granting mathematics 
departments runs approximately 20% higher than the 
comparable estimate based on the IPEDS data for these 
institutions. Further work with these two data sets is 
planned with the goal of obtaining an understanding of 
the sources of the differences between the two counts.

Data Source Notes
The data analyzed for this report was initially downloaded 
from the National Center for Education Statistics' IPEDS 
Data Center [nces.ed.gov/ipeds/datacenter/] during 
the fall of 2015. Counts include first and second majors 
awarded at the bachelors level by 4-year public and 
4-year private not-for-profit institutions in the US. Degree 
recipients are those whose degree was reported in the 
Classification of Instructional Program (CIP) codes for 
Mathematics or Statistics (code=27), for Mathematics 
Teacher Education (code=13.1311) or for Computer Science 
and Mathematics (code=30.08). For more information on 
IPEDS visit nces.ed.gov/ipeds/.

The race/ethnicity categories used in the 2012–2013 
IPEDS data are as follows:

    American Indian or Alaska Native
    Black or African American 
    Hispanic or Latino
    Native Hawaiian or Other Pacific Islander
    Asian
    White
    Two or more races

The underrepresented minority percentages include 
only those reported to IPEDS in exactly one of the first 
four categories above. The 2012–2013 categories Native 
Hawaiian or Other Pacific Islanders and Two or more races 
were not available for 2002–2003 and 2007–2008. In these 
survey years Native Hawaiian or Other Pacific Islanders 
were reported under Asian & Other Pacific Islanders.

Number of 
Math-related 
Bachelors 
Awarded

Number of 
Math-related 

Bachelors Awarded per 
1000 FTE Udg. 
Enrollments

90th Percentile 49 8.7

75th Percentile 22 5.4

50th Percentile 10 3.7

25th Percentile 4 1.7

Total math-related bachelors degrees reported 26,239

Total math-related bachelors degrees reported by 
institutions at or above 90th percentile

12,323 6,063

Table 5: A statistical profile of math-related bachelors degrees awarded by US public and 
private not-for-profit four-year institutions during the 2012–2013 Academic cycle.

Table 5: A statistical profile of math-related bachelors 
degrees awarded by US public and private not-for-profit 
four-year institutions during the 2012–2013 academic cycle.

http://nces.ed.gov/ipeds/datacenter/
http://nces.ed.gov/ipeds/
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Institution

Total Math. 
Teacher Ed. 
Bachelors 

Degrees

Fall 2013 
Undergrad. FTE 

Enrollment
University of California–Berkeley 0 25,357
University of Washington–Seattle Campus 9 28,300
University of California–Los Angeles 0 28,702
University of Michigan–Ann Arbor 0 27,706
Stony Brook University 5 15,383
The University of Texas at Austin 0 38,142
University of Minnesota–Twin Cities 0 31,163
Purdue University–Main Campus 0 29,383
University of Wisconsin–Madison 0 29,328
University of Illinois at Urbana–Champaign 0 31,992
Pennsylvania State University–Main Campus 0 38,432
University of California–San Diego 6 23,139
North Carolina State University at Raleigh 46 23,008
University of North Carolina at Chapel Hill 0 17,893
Brigham Young University–Provo 50 26,137
University of Chicago 0 5,658
University of Maryland–College Park 0 25,384
University of California–Santa Barbara 0 18,952
Harvard University 0 8,536
Massachusetts Institute of Technology 0 4,510
Grand Valley State University 0 19,715
University of Arizona 18 29,785
University of California–Davis 0 25,121
Indiana University–Bloomington 16 33,395
University of Iowa 0 20,511
Virginia Polytechnic Institute and State Univ. 0 23,723
SUNY at Albany 0 12,353
Columbia University in the City of New York 0 7,608
Brown University 0 6,169
University of Colorado Boulder 0 24,712
Arizona State University–Tempe 0 36,499
Carnegie Mellon University 0 5,799
SUNY at Binghamton 0 12,752
Vanderbilt University 0 6,792
Texas A & M University–College Station 0 41,430
Rutgers University–New Brunswick 0 29,557
Ohio State University–Main Campus 0 41,707
Iowa State University 0 26,771
Northwestern University 0 8,805
University of Georgia 27 25,364
New York University 8 21,775
University of Florida 0 31,466
Boston College 12 9,414
University of California–Riverside 0 18,373
CUNY Queens College 37 12,574
Johns Hopkins University 0 5,972
University of Pittsburgh–Pittsburgh Campus 0 17,940
University of Houston 0 26,364
University of Massachusetts–Amherst 0 21,162
University of Rochester

Total 
Math–related 

Bachelors 
Degrees 

384
320
318
284
245
234
232
220
189
181
162
158
155
152
144
144
140
140
136
131
130
125
125
122
121
119
115
115
115
114
111
109
108
107
105
103
100
100
100
99
99
98
97
96
94
94
91
90
89
89 0

Math–related 
Bachelors per 1000 

Undergrad. FTE 
15.1
11.3
11.1
10.3
15.9
6.1
7.4
7.5
6.4
5.7
4.2
6.8
6.7
8.5
5.5

25.5
5.5
7.4

15.9
29
6.6
4.2
5

3.7
5.9
5

9.3
15.1
18.6
4.6
3

18.8
8.5

15.8
2.5
3.5
2.4
3.7

11.4
3.9
4.5
3.1

10.3
5.2
7.5

15.7
5.1
3.4
4.2

14.9 5,971

Note: Highlighted institutions appear in both Table 5 and Table 6. Mathematics Teacher Education degrees are included in the column 
"Total Math–related Bachelors Degrees."

Table 6: First fifty institutions based on the combined total of math-related bachelors degrees awarded for Ac-
ademic Year 2012–2013.
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Institution

Total Math-
related 

Bachelors 
Degrees

Total Math. 
Teacher Ed. 
Bachelors 
Degrees

Fall 2013 
Undergrad. FTE 

Enrollment
Harvey Mudd College 39 0 802
Williams College 68 0 2076
California Institute of Technology 32 0 983
Bryn Mawr College 40 0 1317
Massachusetts Institute of Technology 131 0 4510
Hamilton College 49 0 1913
University of Chicago 144 0 5658
Pomona College 40 0 1602
Bowdoin College 44 1 1793
Colby College 42 0 1820
College of the Holy Cross 59 0 2891
St Olaf College 63 0 3098
Wheelock College 17 0 838
Macalester College 41 0 2022
Mount Saint Mary College 38 0 1923
Carleton College 40 0 2033
Amherst College 35 0 1787
Lyon College 11 0 574
Simpson College 30 0 1575
Wabash College 17 0 902
Carnegie Mellon University 109 0 5799
Saint Joseph's College-New York 74 41 3959
Brown University 115 0 6169
Athens State University 38 0 2082
SUNY College at Geneseo 86 23 5178
Grinnell College 28 0 1686
Swarthmore College 25 0 1529
St Mary's College of Maryland 29 0 1785
Davidson College 29 0 1788
Haverford College 19 0 1187
Harvard University 136 0 8536
Stony Brook University 245 5 15383
Rice University 62 0 3928
Vanderbilt University 107 0 6792
Johns Hopkins University 94 0 5972
Centre College 21 0 1379
University of California-Berkeley 384 0 25357
Columbia University in the City of New York 115 0 7608
University of Rochester 89 0 5971
McMurry University 16 7 1103
Loras College 21 0 1511
Defiance College 11 8 795
Wesleyan University 40 0 2903
Wellesley College 31 0 2266
Bates College 24 0 1791
Lewis & Clark College 28 0 2102
Saint Vincent College 20 0 1557
Franklin College 13 2 1015
Luther College 31 0 2434
SUNY College at Potsdam

Math-related 
Bachelors per 

1000 Undergrad. 
FTE
48.6
32.8
32.6
30.4
29.0
25.6
25.5
25.0
24.5
23.1
20.4
20.3
20.3
20.3
19.8
19.7
19.6
19.2
19.0
18.8
18.8
18.7
18.6
18.3
16.6
16.6
16.4
16.2
16.2
16.0
15.9
15.9
15.8
15.8
15.7
15.2
15.1
15.1
14.9
14.5
13.9
13.8
13.8
13.7
13.4
13.3
12.8
12.8
12.7
12.6 46 11 3641

Table 7: First fifty Institutions based on the combined total of math-related bachelors degrees awarded 
per 1000 FTE undergraduate enrollments for Academic Year 2012–2013.

Note: Highlighted institutions are on both First Fifty lists. Mathematics Teacher Education degrees are included in total mathsci-
related degrees.
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COMMUNICATION

Artin and Levin Awarded National Medal 
of Science 
Elaine Kehoe

Michael Artin of 
the Massachusetts 
Institute of Technol-
ogy and Simon Levin 
of Princeton Univer-
sity have been hon-
ored with the 2015 
National Medal of 
Science, the United 
States’ highest honor 
for achievement in 
science. 
The Work of Michael 
Artin
The Notices asked 
David Harbater of the 
University of Pennsyl-
vania to comment on 

the work of Artin. Harbater responded: “Michael Artin 
is one of the founders of modern algebraic geometry, 
developing, together with Grothendieck, the notions of 
Grothendieck topology and étale cohomology, which 
were later key to the proofs of the Weil conjectures and 
many other developments. By introducing the notions of 
algebraic spaces and algebraic stacks, he created a con-
text that permitted algebraic geometers to go beyond the 
limitations of schemes. Combined with his approximation 
and algebraization theorems, this led to representability 
results for algebraic spaces and to existence theorems for 
moduli spaces of algebraic and geometric objects. These 
developments provided foundations for a more modern 
deformation theory, including the important notion of 
versal deformation in the study of local moduli. 

“His opus has also included major developments  
in more classical settings, such as his fundamental 
contributions to the study of surface singularities,  

particularly the no-
tion of rational singu-
larity. He also found a 
striking example, with 
Mumford, of a unira-
tional variety that is 
not rational, and in 
joint work with Swin-
nerton-Dyer proved 
the Shafarevich-Tate 
conjecture for elliptic 
curves over rational 
function fields whose 
minimal models are 
K3 surfaces. Other 
work of his related 
algebraic geometry to 
topology, including 
his work with Mazur 
on étale homotopy and the study of diffeomorphisms of 
compact manifolds. 

“In a quite different direction, he brought ideas of 
algebraic geometry to bear on noncommutative algebra, 
dramatically changing the landscape in that area. This 
work included both the study of noncommutative alge-
bras associated to schemes and also the introduction of 
noncommutative analogs of schemes that synthesize geo-
metric notions with the theory of associative algebras. He 
has influenced generations of students, not only through 
his mentoring but also through his innovative and widely 
used textbook Algebra (1991), which was based on his 
classic course at MIT.”

Michael Artin was born in Hamburg, Germany, the son 
of mathematician Emil Artin. He received his PhD from 
Harvard University in 1960 before joining MIT in 1963. 
He served as AMS president from 1991 to 1992 and was 
awarded the Society’s Steele Prize for Lifetime Achieve-
ment in 2002, the Harvard Centennial Medal in 2005, and 
the Wolf Prize in 2013. Artin is a member of the National 
Academy of Sciences and a fellow of the AMS, the Society 
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For permission to reprint this article, please contact:
reprint-permission@ams.org.
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for Industrial and Applied Mathematics (SIAM), the Amer-
ican Academy of Sciences, and the American Association 
for the Advancement of Science. 
The Work of Simon Levin
The Notices asked Alan Hastings, Distinguished Professor 
of Environmental Science and Policy at the University of 
California, Davis, to comment on the work of Levin. 

Hastings responded: “Simon Levin worked on partial 
differential equations in his PhD thesis, but almost im-
mediately turned his attention to the emerging field of 
mathematical biology. He has been a leader in many ways, 
including serving as the co-editor in chief of the Journal 
of Mathematical Biology. His research has used ideas 
from a variety of mathematical fields to look at problems 
in spatial ecology, complex adaptive systems, and, more 
recently, issues of ecological economics and financial 
systems. Levin has been a leader in using mathematical 
approaches to scale from microscopic descriptions of 
ecological systems to macroscopic descriptions, including 
spatial stochastic approaches. He has specifically studied 
problems ranging from plant communities to the move-
ment of bird flocks to dynamics of infectious diseases to 
human decision making. His work has been characterized 
by the ability to develop models of just the right complexi-
ty —complex enough to describe the ecological phenomena 
yet simple enough to allow mathematical study.”

Simon Levin received his PhD in mathematics from the 
University of Maryland in 1964. He was affiliated with 
Cornell University from 1965 to 1992, when he joined 
the faculty of Princeton University. He has received the 
Okubo Award of the Society for Mathematical Biology and 
the Japanese Society for Mathematical Biology (2001) and 
the Kyoto Prize in Basic Sciences in 2005. He is a fellow 
of the American Academy of Arts and Sciences and the 
American Asssociation for the Advancement of Science 
and a member of the National Academy of Sciences. He is 
a past president of the Society for Mathematical Biology.
About the Medal
The National Medal of Science is the country’s highest 
distinction for contributions to scientific research. Ac-
cording to a news release from the Office of Science and 
Technology Policy, “The National Medal of Science honors 
individuals for pioneering scientific research in a range of 
fields, including physical, biological, mathematical, social, 
behavioral, and engineering sciences, that enhances our 
understanding of the world and leads to innovations and 
technologies that give the United States its global eco-
nomic edge.” The National Science Foundation administers 
the award, which was established by Congress in 1959. 

 

https://www2.per.cuhk.edu/hk/
https://www2.per.cuhk.edu/hk/
https://www2.per.cuhk.edu/hk/
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Diffie and Hellman Receive 
2015 Turing Award 

Whitfield Diffie, former chief security officer of Sun Mi-
crosystems, and Martin E. Hellman, professor emeritus 
of electrical engineering at Stanford University, have been 
awarded the 2015 A. M. Turing Award of the Association 
for Computing Machinery for their critical contributions 
to modern cryptography.
Citation
The ability for two parties to use encryption to commu-
nicate privately over an otherwise insecure channel is 
fundamental for billions of people around the world. On 
a daily basis, individuals establish secure online connec-
tions with banks, e-commerce sites, email servers, and the 
cloud. Diffie and Hellman’s groundbreaking 1976 paper, 
“New Directions in Cryptography,” introduced the ideas of 
public-key cryptography and digital signatures, which are 
the foundation for most regularly used security protocols 
on the Internet today. The Diffie-Hellman Protocol protects 
daily Internet communications and trillions of dollars in 
financial transactions. 

“Today, the subject of encryption dominates the media, 
is viewed as a matter of national security, impacts gov-

ernment–private sector relations, and attracts billions of 
dollars in research and development,” said ACM President 
Alexander L. Wolf. “In 1976, Diffie and Hellman imagined 
a future where people would regularly communicate 
through electronic networks and be vulnerable to having 
their communications stolen or altered. Now, after nearly 
forty years, we see that their forecasts were remarkably 
prescient.” 

“Public-key cryptography is fundamental for our indus-
try,” said Andrei Broder, Google Distinguished Scientist. 
“The ability to protect private data rests on protocols for 
confirming an owner’s identity and for ensuring the integ-
rity and confidentiality of communications. These widely 
used protocols were made possible through the ideas and 
methods pioneered by Diffie and Hellman.” 

Cryptography is a practice that facilitates communi-
cation between two parties so that the communication 
will be kept private and authenticated from a third party 
trying to read or alter what is being communicated. From 
ancient times, cryptography has been achieved through 
encryption, the conversion of readable information into 
gibberish that only a select few can decipher. In its earliest 
incarnations, encryption might have involved substituting 
one letter for another or rearranging the order of letters 
in the message. The development of radio in 1903, fol-
lowed a decade later by World War I, gave cryptography a  

For permission to reprint this article, please contact:
reprint-permission@ams.org.
DOI: http://dx.doi.org/10.1090/noti1398
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central role it never had before. At the same time, the 
development of electricity and machining allowed the 
development of machines that could encrypt far more 
securely than any human could. The post–World War I 
period saw the development of a number of enciphering 
machines that matured over the next twenty years and 
became the backbone of World War II cryptography. After 
the war, the development of computer technology led to 
faster and more secure cryptography by purely electronic 
machines. 

In encryption, a “key” is a piece of information used to 
transform readable plain text into garbled incomprehen-
sible cipher text. Encryption is much like keying a lock 
to accept a particular key, and decryption is like using 
the key to open the lock. In the past, when two parties 
were seeking to establish secure communications, they 
needed to have identical keys. Supplying these keys—key 
management—was a major limitation of the flexibility of 
encrypted communications. 

Two significant shortcomings of symmetric cryptosys-
tems are the need for a secure means of key transfer and, 
because both parties have the same key, one could forge 
a message to oneself, claiming it came from the other. In 
addition, overuse of a particular key may provide an oppo-
nent with sufficient ciphertext to break the cryptosystem 
(i.e., discover the key). To limit the number of parties 
sharing the same key, separate keys are often distributed 
to each pair of communicating parties, posing additional 
key management challenges. 

In “New Directions in Cryptography,” Diffie and Hell-
man presented an algorithm that showed that asymmetric 
or public-key cryptography was possible. In Diffie and 
Hellman’s invention, a public key, which is not secret and 
can be freely distributed, is used for encryption, while a 
private key, that need never leave the receiving device, 
is used for decryption. This asymmetric cryptosystem is 
designed in such a way that the calculation of the private 
key from the public key is not feasible computationally, 
even though one uniquely determines the other. 

Reversing the process provides a digital signature. The 
transmitter of a message uses a private key to sign the 
message, while the receiver uses the transmitter’s public 
key to authenticate it. Such digital signatures are more 
secure than written signatures because changing even one 
word of the message invalidates the signature. In contrast, 
a person’s written signature looks the same on a $10 check 
and a $1,000,000 check. 

Any user of the World Wide Web is likely to be famil-
iar with the use of public-key cryptography to establish 
secure connections. A typical secure URL begins with 
“https,” where the “s” means that the Secure Transport 
Layer protocol will be used to encrypt the communication. 
The secure connection is established using a combination 
of public-key cryptography to transport a key with sym-
metric cryptography that is used to encrypt subsequent 
communications. 

In addition to laying the foundation for today’s online 
security industry and establishing cryptography as a 
leading discipline within computer science, Diffie and 

Hellman’s work made encryption technologies accessible 
to individuals and companies. 
Biographical Sketch of Whitfield Diffie
Whitfield Diffie was born in 1944 in Washington, DC. He 
received a bachelor’s degree in mathematics from the 
Massachusetts Institute of Technology and did graduate 
work at Stanford University. He is a former vice president 
and chief security officer of Sun Microsystems, where he 
became a Sun Fellow. Diffie received the 1996 ACM Paris 
Kanellakis Theory and Practice Award (with Leonard Ad-
leman, Martin Hellman, Ralph Merkle, Ronald Rivest, and 
Adi Shamir) and the 2010 IEEE Richard W. Hamming Medal 
(with Martin Hellman and Ralph Merkle). He is a Marconi 
Fellow and a Fellow of the Computer History Museum and 
received an honorary doctorate from the Swiss Federal 
Institute of Technology. 
Biographical Sketch of Martin Hellman
Martin E. Hellman was born in New York in 1945 and re-
ceived his PhD in electrical engineering from Stanford Uni-
versity in 1969. He received the 1996 ACM Paris Kanellakis 
Theory and Practice Award (with Leonard Adleman, Whit-
field Diffie, Ralph Merkle, Ronald Rivest, and Adi Shamir), 
as well as the 2010 IEEE Richard W. Hamming Medal (with 
Whitfield Diffie and Ralph Merkle). He is a Marconi Fellow, 
a Fellow of the Computer History Museum, and a member 
of the U.S. National Academy of Engineering.

About the Award
The A. M. Turing Award was named for Alan M. Turing, 
the British mathematician who articulated the mathemat-
ical foundation and limits of computing and who was a 
key contributor to the Allied cryptanalysis of the German 
Enigma cipher and the German “Tunny” encoding machine 
in World War II. Since its inception in 1966, the Turing 
Award has honored the computer scientists and engineers 
who created the systems and underlying theoretical foun-
dations that have propelled the information technology 
industry. The award, often referred to as the “Nobel Prize 
of Computing,” carries a US$1 million prize with financial 
support provided by Google, Inc.
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BOOKSHELF
A man is known by the books he reads. —Emerson
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A Doubter’s Almanac, by Ethan Canin. 
Random House, February 2016. The 
seventh novel by medical doctor 
and writer Ethan Canin, A Doubter’s 
Almanac has as its main character a 
brilliant but flawed mathematician, 
Milo Andret. Milo grows up in the 
1950s in rural Michigan, gets a PhD 
in mathematics at UC Berkeley (where 
his advisor tells him, “You’ve been 
chosen by God”), proves a deep result 

called the Malosz Conjecture, and becomes a professor at 
Princeton. But Milo’s life is marred by his compulsively 
self-absorbed personality and addiction to alcohol and 
drugs. The second part of the novel has a sudden shift 
in point of view, with Milo’s son Hans taking over the 
telling of the story. Having inherited Milo’s mathematical 
talent, Hans tries to understand how to avoid following 
in his father’s self-destructive footsteps. The book has 
received mixed reviews; reactions range from “blazingly 
intelligent” to “relying on cringe-worthy clichés.” And 
the mathematics? Generally reviewers seem in awe of it. 
Some urge readers not to be put off. “A Doubter’s Alma-
nac is a long, complex novel about math, which sounds 
like the square root of tedium,” writes Ron Charles in the 
Washington Post, “but suspend your flight instinct for a 
moment.” Has a mathematician reviewed the book for a 
major media outlet? If you have seen such a review, please 
let us know by posting a comment on the Notices web site 
www.ams.org/notices.

Fiction fans take note: As this installment of the 
Bookshelf includes two novels, it is worth mentioning the 
Mathematical Fiction website maintained by Alex Kasman 
at the College of Charleston (kasmana.people.cofc.
edu/MATHFICT/). This is no doubt the most comprehen-
sive resource in existence of fiction involving mathematics 
and mathematicians. The site also contains brief reviews 
of many of the works. 

New and Noteworthy Titles on Our Bookshelf
June/July 2016

One Hundred Twenty-One Days, by 
Michèle Audin (translated from the 
French by Christiana Hills, Deep 
Vellum Publishing, April 2016). This 
is a translation of Cent vingt et un 
jours (2014), the debut novel by 
Michèle Audin, a geometer at the 
University of Strasbourg. Having 
turned to fiction writing in the past 
several years, Audin is a member 

of Oulipo, a literary group founded by mathematicians 
and novelists around 1960. In this extraordinary book, 
Audin melds various narrative modes—storytelling, diary 
writing, newspaper clippings—to paint a picture of lives 
shaped and often ruined by war. Mathematics and math-
ematicians flow through the tale. Drawing its power from 
concrete details rooted in real life, the book nevertheless 
has a dream-like—and sometimes nightmarish—quality. 
Audin’s latest novel, La formule de Stokes (Cassini, 2016), 
is presently available only in French.

Circularity: A Common Secret 
to Paradoxes, Scientific Revolu-
tions and Humor, by Ron Aharoni 
(World Scientific, June 2016). This 
brief book deftly treats weighty 
matters with a light touch. Aimed 
at the general reader, it examines 
the theme of circular statements 
as they arise in everyday life, sci-
ence, and mathematics. An ex-

ample of the type of “circular” statement Aharoni deals 
with is “This sentence is a lie.” After an excursion into how 
such paradoxical statements are treated by philosophers, 
Aharoni turns to mathematics, looking at the work of Can-
tor, Gödel, Turing, and others. Jokes with circular themes 
are sprinkled throughout the book (“I used to think I was 
indecisive, but now I’m not so sure.”), and the book closes 
with a chapter considering why circularity so often arises 
in humor.

Suggestions for the Bookshelf can be sent to notices-
booklist@ams.org. 

We try to feature items of broad interest. Appearance of 
a book in the Notices Bookshelf does not represent an 
endorsement by the Notices or by the AMS. For more, visit 
the AMS Reviews webpage www.ams.org/news/math-in-
the-media/reviews. 

http://www.ams.org/notices
http://kasmana.people.cofc.edu/MATHFICT/
http://kasmana.people.cofc.edu/MATHFICT/
http://www.ams.org/news/math-in-the-media/reviews
http://www.ams.org/news/math-in-the-media/reviews
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2016–2017 
Centennial 
Fellowship Awarded
The AMS has awarded its Centennial 
Fellowship for 2016–2017 to Eyal 
Lubetzky. The fellowship carries a 
stipend of US$89,000, an expense 
allowance of US$8,900, and a com-
plimentary Society membership for 
one year.

Lubetzky is associate professor at the Courant In-
stitute of Mathematical Sciences, New York University. 
His main research interests are probability theory and 
combinatorics, with an emphasis on interacting particle 
systems, random networks, and stochastic processes 
arising from statistical physics. He joined the Courant 
Institute in fall 2014, after being a senior researcher in 
the Theory Group of Microsoft Research, Redmond, WA, 
where he had spent seven years, starting as a postdoctoral 
researcher. He earned his PhD in mathematics from Tel-
Aviv University in 2007 and received the Rollo Davidson 
Prize in 2013. He plans to use the Centennial Fellowship 
to visit Princeton University during the 2016–2017 aca-
demic year.

Please note: Information about the competition for the 
2017–2018 AMS Centennial Fellowships will be published 
in the “Mathematics Opportunities” section of an upcom-
ing issue of the Notices.

 
—Allyn Jackson

Vazquez Awarded 
2016 Blackwell-
Tapia Prize
Mariel Vazquez of the University 
of California Davis has been cho-
sen as the recipient of the 2016 
Blackwell-Tapia Prize for her “im-
portant contributions at the in-
terface of mathematics, polymer 

physics, and molecular biology.” According to the prize 
citation, “Vazquez is a pioneer in an emerging field called 
DNA topology, which applies pure math to untangle the 
biological mysteries of DNA. Application areas of her 
research include cancer treatment, drug design, under-
standing genome rearrangements after radiation damage 
or in cancer, and gaining insight into how genomes pack-
age in viruses and within cells and into how viral DNA 
(e.g., retroviruses, such as HIV) integrates into the host 
genome.” She received her PhD in mathematical biology 
from Florida State University in 2000. She has been the 
recipient of NSF CAREER (2011) and PECASE (2012) awards 
and is passionate about working to increase diversity in 
the mathematical sciences at all levels. Mariel is married 
to Javier Arsuaga, also a mathematical biologist with deep 
commitment to increasing diversity in the mathematical 
sciences. Together with their two children they enjoy fre-
quent visits to San Francisco and its museums, and love 
exploring the nearby Sierra Nevada.

The prize is awarded every two years in honor of the 
legacy of David H. Blackwell and Richard A. Tapia, two 
distinguished mathematical scientists who have been 
inspirations to more than a generation of African Ameri-
can, Latino/Latina, and Native American students and 
professionals in the mathematical sciences. The prize 
recognizes a mathematician who has contributed signifi-
cantly to research in his or her field of expertise and who 
has served as a role model for mathematical scientists 
and students from underrepresented minority groups or 
has contributed in other significant ways to addressing 
the problem of the underrepresentation of minorities in 
math. Past recipients of the prize are:
      •Arlie Petters (2002)
      •Rodrigo Bañuelos (2004) 
      •William Massey (2006)
      •Juan Meza (2008) 
      •Trachette Jackson (2010)
      •Ricardo Cortez (2012)
      •Jacqueline Hughes-Oliver (2014)

 
—From a National Institute for Mathematical 

and Biological Synthesis announcement
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Mathematics People

Dani Awarded Michler Prize
Pallavi Dani of Louisiana State 
University has been awarded the 
2016–2017 Ruth I. Michler Memo-
rial Prize of the Association for 
Women in Mathematics (AWM) 
and Cornell University. Dani was 
selected for “her wide range of 
mathematical talents and the close 
connection of her work with the 
research of several mathematics 
faculty at Cornell.” Her research 
is in the area of geometric group 

theory. In particular, she studies quasi-isometry invari-
ants of groups, such as Dehn functions and divergence, 
with a special interest in hyperbolic groups and CAT(0) 
groups. More recently she has been working on the quasi-
isometry and commensurability classification of right-
angled Coxeter groups. At Cornell she will be working with 
Tim Riley on questions related to subgroup distortion in 
hyperbolic groups and filling invariants in subgroups of 
nonpositively curved groups, with Jason Manning on the 
theory of special cube complexes, as well as with Martin 
Kassabov and Justin Moore.

Dani received her PhD in mathematics from the Uni-
versity of Chicago in 2005 under the direction of Benson 
Farb. She has been a visiting assistant professor at the 
University of Oklahoma and visiting research associate 
(2008–2009) at Emory University before joining the faculty 
of Louisiana State, where she is currently associate profes-
sor in the Department of Mathematics.

The Michler Prize grants a midcareer woman in aca-
demia a residential fellowship in the Cornell University 
Mathematics Department without teaching obligations.

 
—From an AWM announcement

Fauci Awarded Kovalevsky 
Lectureship

Lisa J. Fauci of Tulane University 
has been chosen as the AWM-SIAM 
Sonia Kovalevsky Lecturer for 2016 
by the Association for Women in 
Mathematics (AWM) and the Society 
for Industrial and Applied Math-
ematics (SIAM). She was honored 
“for her pioneering contributions 
to mathematical and computational 
modeling of aquatic locomotion, 
microorganism motility, and fluid 
dynamics of human reproduction. 

Her career combines rigorous asymptotic analysis and 
biological data to validate computational models, a his-
tory of service to the mathematical community, and a 
lasting legacy of mentoring early career scientists.” Her 
work involves collaborations with applied mathematicians, 
computational scientists, and experimental biologists. 

Fauci received her PhD in mathematics from the Cou-
rant Institute of Mathematical Sciences, New York Univer-
sity, under the direction of Charles Peskin. She joined the 
faculty of Tulane immediately thereafter and is currently 
Pendergraft Nola Lee Haynes Professor of Mathematics. 
She has held visiting positions at the University of Utah 
and New York University. She has been the recipient of 
a Sloan Fellowship and was an invited speaker at the 
Eighth International Congress on Industrial and Applied 
Mathematics (ICIAM) in Beijing, China, in 2015. She is 
a fellow of SIAM and has served on editorial boards of 
several journals.

The Sonia Kovalevsky Lectureship honors significant 
contributions by women to applied or computational 
mathematics. 

 
—From an AWM announcement 

Chvátal and Lasserre Awarded 
von Neumann Prize
Vašek Chvátal of Concor-
dia University and Jean Ber-
nard Lasserre of CNRS have 
been awarded the John von 
Neumann Theory Prize for 
2015. The citation reads in 
part: “This award recognizes 
their seminal and profound 
contributions to the theoreti-
cal foundations of optimiza-
tion. Through their work in 
the domains of integer pro-
gramming and polynomial 
optimization, respectively, 
Chvátal and Lasserre devel-
oped the mathematical theory 
and corresponding computa-
tional approaches to tackle 
hard computational problems 
that compute strengthened 
bounds via tractable convex 
relaxations. The notions of 
Chvátal rank and the Lasserre 
hierarchy each have impact 
well beyond their initial re-
search spheres and are simul-
taneously elegant mathematics 
and the foundations for new 
algorithmic approaches.”

Vašek Chvátal was born in Prague, Czechoslovakia, in 
1946, emigrated to Canada in 1968, where he received his 
PhD from the University of Waterloo, and became a Que-
becois patriot in 1971. He is the author of a short story,  
“Déjá Vu,” which was published in Prism magazine in 
1973.

Jean Bernard Lasserre was born in France in 1953 and 
received his PhD in 1978 from Paul Sabatier University, as 
well as a Doctorat d’Etat in 1984. He is the author of about 
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and friendship in 2001. At that time, we were thinking 
about the mechanism of mirror symmetry from comple-
mentary points of views. After bumping into each other on 
a train platform in the Black Forest, we became convinced 
that the two points of view fit together like missing pieces 
of a puzzle. We rather quickly became certain that we were 
on the right track. It has been, however, a long struggle 
with many technical hurdles to overcome. In the end, the 
scope of the project surprised even us. We are very grate-
ful to the mathematics community which supported our 
ideas even in the early days when it was not clear to the 
world whether or not our ideas would bear fruit.”

The awards will be presented at the 2016 Clay Research 
Conference at the University of Oxford in September 2016.

 
 —From a CMI announcement

Prizes of the Canadian 
Mathematical Society
The Canadian Mathematical Society (CMS) has awarded a 
number of prizes for 2016.

Daniel Wise of McGill University has been awarded the 
Jeffery-Williams Prize for Research Excellence. According 
to the prize citation, Wise “is widely recognized as one 
of the top geometric group theorists in the world, and 
the best of his generation. His work has had a profound 
impact, not only in the immediate subject of geometric 
group theory, but also playing a key role in the solution 
of outstanding open problems in the theory of 3-mani-
folds.” He was recognized particularly for his work on 
special cube complexes and quasi-convex hierarchies of 
hyperbolic groups. He was the recipient of the AMS Veblen 
Prize in 2013, the 2016 CRM-Fields-PIMS Prize, and a 2016 
Guggenheim Fellowship.

Louigi Addario-Berry of McGill University has been 
honored with the 2016 Coxeter-James Prize for outstand-
ing contributions to mathematical research, particularly 
his work at the interface of probability and combinator-
ics. According to the prize citation, one of the aims of his 
research is “to investigate the structure and scaling limits 
of typical and exceptional paths in probabilistic discrete 
models and in their scaling limits, and in particular in 
systems containing a phase transition or exhibiting some 
form of tree-like behavior.”

Malabika Pramanik of the University of British Co-
lumbia has been awarded the Krieger-Nelson Prize for 
her outstanding research contributions. According to the 
prize citation, she “uses analytical tools to answer ques-
tions about pattern identification in sparse sets; that is, 
finding regular structures within sets that are otherwise 
very disordered and thin.” She received the 2015–2016 
Michler Memorial Prize of the Association for Women in 
Mathematics and is an editor for AMS Transactions and 
Memoirs. The Krieger-Nelson Prize recognizes outstanding 
research by a woman mathematician.

Ian VanderBurgh of the University of Waterloo has

160 papers and author or coauthor of eight books, as well 
as coeditor of two more. He was awarded the Lagrange 
Prize in 2009 and is a fellow of the Society for Industrial 
and Applied Mathematics (SIAM).

The John von Neumann Theory Prize is awarded annu-
ally to a scholar (or scholars in the case of joint work) who 
has made fundamental, sustained contributions to theory 
in operations research and the management sciences. It is 
the highest prize given in the field. It carries a cash award 
of US$5,000.

 
—From an INFORMS announcement

2016 Clay Research Awards 
Presented

Mark Gross of the University of 
Cambridge and Bernd Siebert of 
the University of Hamburg have 
received a Clay Research Award 
from the Clay Mathematics Insti-
tute (CMI) “in recognition of their 
groundbreaking contributions 
to the understanding of mirror 
symmetry, in joint work gener-
ally known as the ‘Gross-Siebert 
program’.” According to the prize 
citation, their work “has its or-
igins in surprising predictions 
of nonperturbative dualities in 
string theory: that the properties 
of certain interesting geometries, 
notably Calabi-Yau manifolds, are 
reflected in counter-intuitive ways 
in partner geometries (‘mirror 
manifolds’).”

Geordie Williamson of the 
Max Planck Institute for Math-
ematics and the University of 
Sydney has received a Clay Re-
search Award “in recognition of 
his groundbreaking work in rep-
resentation theory and related 
fields”. The prize citation reads in 
part: “In particular, the award rec-
ognizes two major breakthroughs. 
First, his proof, with Ben Elias, of 
Soergel’s conjecture on bimod-
ules associated to Coxeter groups. 
The second is the construction 
(building on earlier work with Ben 
Elias and Xuhua He) of counter-
examples to the expected bounds 
in Lusztig’s conjectured character 

formula for rational representations of algebraic groups 
in positive characteristics that grow exponentially with 
the rank of the group.”

Gross and Siebert told the Notices: “We both feel very 
lucky to have met each other and begun our collaboration 
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been awarded the Excellence in Teaching Award. Accord-
ing to the prize citation, his work “has had a significant 
influence on the mathematical community among both 
students and teachers at large.” He has presented problem-
solving workshops in elementary and secondary schools, 
assisted in coaching the Waterloo Putnam team, and led 
numerous initiatives to promote mathematics. He has been 
director of the Centre for Education in Mathematics and 
Computing at Waterloo since 2005. The prize recognizes 
sustained and distinguished contributions in mathematics 
education at the postsecondary undergraduate level at a 
Canadian institution.

 
—From CMS announcements

Strominger and Vafa Awarded 
Heineman Prize
Andrew E. Strominger and Cumrun Vafa of Harvard 
University have been awarded the 2016 Dannie Heineman 
Prize for Mathematical Physics “for leadership in numer-
ous central developments in string theory, quantum field 
theory, and quantum geometry; including the interplay 
between string theory and Calabi-Yau geometry and es-
pecially for their elucidation of the origin of black hole 
entropy from microscopic states”.

The Heineman Prize is awarded annually in recognition 
of outstanding publications in the field of mathematical 
physics. The prize consists of US$10,000 and a certifi-
cate. It was established by the Heineman Foundation for 
Research, Educational, Charitable, and Scientific Purposes, 
Inc., and is administered jointly by the American Physical 
Society and the American Institute of Physics.

 
—From a Heineman Foundation announcement  

Linial Awarded Rothschild 
Prize

Nathan (Nati) Linial of The 
Hebrew University of Jerusalem 
has been awarded the Rothschild 
Prize in Mathematics/Computer 
Science and Engineering. His 
work involves combinatorics, 
the theory of algorithms, appli-
cations of geometry and analysis 
to the above fields, and compu-
tational molecular biology. He is 
a Fellow of the AMS. In addition 
to his work in combinatorics and 
the mathematical foundations 

of computer science, Linial does work in bioinformatics, 
largely jointly with his wife, Michal Linial, a biologist. Linial 
and his wife have three children: Rotem, an artist; Nadav, a 
poet and literary scholar, and Itai, an astrophysicist. Linial 
is also a long-distance runner.

The Rothschild Prizes are awarded by the Yad Hanadiv 
Foundation to support, encourage, and advance the sci-
ences and humanities in Israel. Prizes are awarded in  
recognition of original and outstanding published work 
in the following disciplines: mathematics/computer sci-
ences and engineering, chemical sciences and physical 
sciences, life sciences, Jewish studies, humanities and 
social sciences.

 
—From a Yad Hanadiv Foundation announcement

Kostant Awarded Wigner 
Medal
Bertram Kostant of the Mass-
sachusetts Institute of Technol-
ogy has been awarded the 2016 
Wigner Medal “for his funda-
mental contributions to repre-
sentation theory that led to new 
branches of mathematics and 
physics.”

Kostant told the Notices: “At 
Stuyvesant High School I got 
straight A’s in math, 100 on my 
math Regent test, and bad grades in everything that was 
nonmathematical. All my applications to colleges were 
rejected everywhere, including (ironically) MIT. I got into 
Purdue by sheer luck, where Dean Ayres, a topologist, 
gave me special permission to take three math graduate 
courses in my junior year. A new kind of life then opened 
up for me. After my junior year I decided that I would 
“do” mathematics. Eventually, as a graduate student in 
the stimulating environment of the University of Chicago, 
I was exposed to the rise of the new French revolution, 
namely the Bourbaki group, which was creating stunning 
innovations in thinking about and writing down math-
ematics. The sheer beauty of it all resonated with me. 
Ed Spanier’s course on Group Theory used Chevalley’s 
text. My marked-up Chevalley became one of my dearest 
treasures and another turning point in my life. It was my 
entrée into Lie groups and into new areas of mathemat-
ics for the next sixty-five-plus years. My desire and hope 
is to continue to explore related fields of mathematics in 
which I can create unification between seemingly diverse 
subjects.”

The Wigner Medal recognizes outstanding contribu-
tions to the understanding of physics through group 
theoretical and representation theoretical methods. The 
prize was awarded at the biannual International Collo-
quium on Group Theoretical Methods in Physics in Rio 
de Janeiro, Brazil. 

 
—Michio Jimbo, Rikkyo University
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Weare Awarded IMA Prize
Jonathan Weare of the Univer-
sity of Chicago was selected as the 
recipient of the 2015 IMA Prize in 
Mathematics and Its Applications 
of the Institute for Mathematics 
and Its Applications (IMA). He 
was honored for “his innovative 
contributions to the theory and 
practice of stochastic sampling 
methods, in particular rare event 
and Markov chain Monte Carlo al-
gorithms for accelerating molec-
ular simulations.” The IMA Prize  

is awarded annually to an individual who has made a  
transformative impact on the mathematical sciences 
and their applications. The prize carries a cash award of 
US$3,000.

 
—From an IMA announcement

Putnam Prizes Awarded
The winners of the seventy-sixth William Lowell Putnam 
Mathematical Competition have been announced. The 
Putnam Competition is administered by the Mathematical 
Association of America (MAA) and consists of an examina-
tion containing mathematical problems that are designed 
to test both originality and technical competence. Prizes 
are awarded to both individuals and teams.

The six highest-ranking individuals, listed in alphabeti-
cal order, were: 
      •Pakawut Jiradilok, Harvard University
      •Bumsoo Kim, Princeton University
      •Gyujin Oh, Stanford University
      •Daniel Spivak, University of Waterloo
      •David H. Yang, Massachusetts Institute of Tech- 
 nology
      •Yunkun Zhou, Massachusetts Institute of Tech- 
 nology.

Each received a cash award of US$2,500.
Institutions with at least three registered participants 

obtain a team ranking in the competition based on the 
rankings of three designated individual participants. The 
five top-ranked teams (with members listed in alphabeti-
cal order) were: 
  • M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h -

n o l o g y  ( M a r k  A .  S e l l k e ,  B o b b y  C . 
 Shen, David H. Yang), 

 • C a r n e g i e  M e l l o n  U n i v e r - 
 sity (Joshua Brakensiek, Linus Hamilton, 
 Thomas Swayze)

      •Princeton University (Rodrigo S. Angelo, Andre A.  
 Arslan, Eric D. Schneider), 

      •Stanford University (Jie Jun Ang, Gyujin Oh, Al- 
 bert R. Zhang)

      •Harvard University (Calvin Deng, Ravi Jagadeesan, 
 David W. Stoner). 

The first-place team receives an award of US$25,000, 
and each member of the team receives US$1,000. The 
awards for second place are US$20,000 and US$800; for 
third place, US$15,000 and US$600; for fourth place, 
US$10,000 and US$400; and for fifth place, US$5,000 and 
US$200.

Danielle Wang of the Massachusetts Institute of Tech-
nology received the Elizabeth Lowell Putnam Award for 
outstanding performance by a woman in the competition. 
She received an award of US$1,000.

 
—From an MAA announcement

2016 Guggenheim Fellowship 
Awards to Mathematical 
Scientists
The John Simon Guggenheim Memorial Foundation has 
announced the names of 175 scholars, artists, and sci-
entists who were selected as Guggenheim Fellows for 
2016. Selected as fellows in mathematics and applied 
mathematics were:
      •Charles R. Doering, University of Michigan, Ann  
 Arbor
      •Mark Newman, University of Michigan, Ann Arbor
      •Daniel Wise, McGill University.

Guggenheim Fellows are appointed on the basis of im-
pressive achievement in the past and exceptional promise 
for future accomplishments.

 
—From a Guggenheim Foundation announcement

Simons Fellows in Mathematics
The Simons Foundation Mathematics and Physical Sci-
ences (MPS) division supports research in mathematics, 
theoretical physics, and theoretical computer science. The 
MPS division provides funding for individuals, institutions, 
and science infrastructure. The Fellows Program provides 
funds to faculty for up to a semester-long research leave 
from classroom teaching and administrative obligations. 
The mathematical scientists who have been awarded Si-
mons Fellowships for 2016 are: 
      •Jinho Baik, University of Michigan
      •Fedor Bogomolov, New York University
      •Lev Borisov, Rutgers, The State University of New  
 Jersey
      •Alexei Borodin, Massachusetts Institute of Tech- 
 nology
      •Fioralba Cakoni, Rutgers, The State University of  
 New Jersey
      •Xiuxiong Chen, Stony Brook University
      •Maria Gordina, University of Connecticut
      •J. Elisenda Grigsby, Boston College
        •Thomas Haines, University of Maryland, College Park
      •Julia Hartmann, University of Pennsylvania
      •Christopher Hoffman, University of Washington

Jonathan Weare
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      •Vera Mikyoung Hur, University of Illinois at  
 Urbana-Champaign
      •Michael Hutchings, University of California  
 Berkeley
      •Adrian Iovita, Concordia University
      •Gautam Iyer, Carnegie Mellon University
      •Vadim Kaloshin, University of Maryland, College  
 Park
      •Vitali Kapovitch, University of Toronto
      •Kiumars Kaveh, University of Pittsburgh
      •Sean Keel, University of Texas at Austin
      •Bryna Kra, Northwestern University
      •Radu Laza, Stony Brook University
      •Liping Liu, Rutgers, The State University of New 
 Jersey
      •Dan Margalit, Georgia Institute of Technology
      •Andrew Neitzke, University of Texas at Austin
      •Adam Oberman, McGill University
      •Robert Pego, Carnegie Mellon University
      •Robin Pemantle, University of Pennsylvania
      •Robert Pollack, Boston University
      •Sorin Popa, University of California Los Angeles
      •Dinakar Ramakrishnan, California Institute of 
 Technology
      •Richard Schwartz, Brown University
      •Avraham Soffer, Rutgers, The State University of  
 New Jersey
        •Bernd Sturmfels, University of California Berkeley
      •Brian White, Stanford University
      •Dapeng Zhan, Michigan State University
      •Shou-Wu Zhang, Princeton University
      •Michael Zieve, University of Michigan.

 
—From a Simons Foundation announcement

Intel Science Talent Search
Meena Jagadeesan, seventeen, of Naperville, Illinois, won 
the Second Place Medal of Distinction for Basic Research 
in the 2016 Intel Science Talent Search. She investigated 
an object in algebraic combinatorics, or the mathematics 
of counting, to reveal a novel relationship between classes 
of graphs. She received a scholarship award of US$75,000. 
The Intel Science Talent Search is administered by the 
Society for Science and the Public (SSP).

 
—From an SSP announcement

ANZIAM Prizes Announced
Australia and New Zealand Industrial and Applied Math-
ematics (ANZIAM), a division of the Australian Math-
ematical Society, has awarded several medals for 2016.  
Sir Michael Berry of the University of Bristol has been 
awarded the 2016 Moyal Medal. According to the prize 
citation, “he is known for his research in borderlands 
between theories: classical and quantum, rays and waves. 
His emphasis is on geometrical singularities such as ray 
caustics and wave vortices. Sir Michael discovered the 

geometric phase, a phase difference arising from cyclically 
changing conditions with applications throughout physics, 
including optics and condensed matter.”

Frank R. de Hoog of Commonwealth Scientific and 
Industrial Research Organisation (CSIRO) has received the 
2016 ANZIAM Medal. According to the prize citation, “his 
contributions to applied, computational and industrial 
mathematical research are nationally and internationally 
famous, while his contributions to ANZIAM have had a 
significant impact especially in the development of the 
student support scheme.”

Joshua Ross of the University of Adelaide has been 
awarded the 2016 J. H. Michell Medal, which recognizes 
an outstanding young researcher in applied and/or indus-
trial mathematics. Ross was honored for his “significant 
contributions to methodology in Applied Mathematics 
and, through its application, to conservation biology and 
public health policy.”

 
—From Australian Mathematical Society announcements 

*NSF Graduate Research 
Fellowships Awarded
The National Science Foundation (NSF) has awarded a num-
ber of Graduate Research Fellowships for fiscal year 2016. 
Further awards may be announced later in the year. This 
program supports students pursuing doctoral study in all 
areas of science and engineering and provides a stipend of 
US$30,000 per year for a maximum of three years of full-
time graduate study. Seventy-seven graduate fellowships 
were awarded in 2016, an increase from the sixty awarded 
in 2015. Information about the solicitation for the 2017 
competition will be published in the “Mathematics Op-
portunities”’ section of an upcoming issue of the Notices.

Following are the names of the awardees in the math-
ematical sciences selected so far in 2016, followed by 
their undergraduate institutions (in parentheses) and the 
institutions at which they plan to pursue graduate work.
      •Austin R. Alderete (George Mason University)
   George Mason University
      •Loren J. Anderson (North Dakota State University,
   Fargo), North Dakota State University, Fargo
      •Lea Beneish (Indiana University), Emory University 
      •Zachary Branson (Carnegie Mellon University),
   Harvard University
      •Sarah C. Burnett (University of North Carolina,
   Chapel Hill)
      •Aaron T. W. Calderon (University of Nebraska),
   University of Nebraska
      •Robert A. Cass (University of Kentucky), University
   of Kentucky
      •Michael V. Celentano (Stanford University), Stan-
*The most up-to-date listing of NSF funding opportunities from 
the Division of Mathematical Sciences can be found online at: 
www.nsf.gov/dms and for the Directorate of Education and 
Human Resources at www.nsf.gov/dir/index.jsp?org=ehr.   
To receive periodic updates, subscribe to the DMSNEWS listserv by 
following the directions at www.nsf.gov/mps/dms/about.jsp.

http://www.nsf.gov/dms
http://www.nsf.gov/mps/dms/about.jsp
http://www.nsf.gov/dir/index.jsp?org=ehr
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   Paul), North Carolina State University
      •Rebecca M. G. Menssen (Saint Olaf College), North-
   western University
      •Maggie H. Miller (University of Texas at Austin),
   Princeton University
      •Timothy J. NeCamp (Ohio State University), Univer-
   sity of Michigan, Ann Arbor
      •Blanche S. Ngo Mahop (Howard University),Worces-
   ter Polytechnic Institute
      •Evan M. O’Dorney (Harvard University), Cambridge
   University
      •Jessica E. Oehrlein (Franklin W. Olin College of
   Engineering), Franklin W. Olin College of Engineer-
   ing
      •John Paige (Macalester College), University of
   Washington
      •Elisabeth C. Paulson (Pennsylvania State Univer-
   sity, University Park)
      •Antony Pearson (University of Arizona), University
   of Colorado, Boulder
      •Ismael Perez (San Diego State University), California
   State University, Los Angeles
      •Michael M. Perlman (University of Illinois, Chi-
   cago), University of Notre Dame
      •Samantha N. Petti (Williams College), Georgia
   Institute of Technology
      •Hadrian Quan (University of California Santa
   Cruz), University of Illinois, Urbana-Champaign
      •Cody J. Reeves (University of Florida), Northwestern
   University
      •Emily Roberts (Coe College), Coe College
      •Mario Sanchez (Swarthmore College), Swarthmore
   College
      •Toryn Schafer (Colorado State University), Uni-
   versity of Missouri, Columbia
      •Becket J. W. Sempliner (University of Chicago),
   University of Chicago
      •Ravi Shankar (California State University Chico),
   California State University Chico
      •Laura Shou (California Institute of Technology),
   California Institute of Technology
      •Leila Sloman (McGill University), McGill University
      •Kevin Stubbs (University of Maryland College Park),
   Duke University
      •Anne M. Talkington (Duke University), Duke
   University
      •Sarah E. Tammen (University of Georgia), University
   of Georgia
      •Zachary Terner (University of Virginia), University
   of California Santa Barbara
      •Hannah Turner (Ball State University), University
   of Texas, Austin
      •Keyon Vafa (Harvard University), Harvard Uni-
   versity
      •Kaavya G. Valiveti (University of California Berke-
   ley), University of California Berkeley
      •Roger Vargas (Williams College), Williams College
      •Christy J. Vaughn (Duke University), Princeton
   University
      •Madeleine A. Weinstein (Harvey Mudd College), 
   Harvey Mudd College

   ford University
      •Kathleen P. Champion (Dartmouth College), Uni-
   versity of Washington
      •Eric C. Chen (Princeton University), Princeton
   University
      •Julien E. Clancy (Yale University), Yale University
      •Lauren N. Crider (Arizona State University), Ari-
   zona State University
      •Kayla D. Davie (Spelman College), University of
   Maryland, College Park
      •Stephanie DeGraaf (Iowa State University), Uni-
   versity of California Berkeley
      •Kelsey L. DiPietro (University of Illinois, Chicago),
   University of Notre Dame
      •Robin K. Dunn (Kenyon College), Kenyon College
      •Billy Fang (Princeton University), University of
   California Berkeley
      •Richard C. Fitzgerald (University of California
   Berkeley), University of California Davis
      •Michael Franco (Rice University)
      •Cole A. Graham (Massachusetts Institute of Tech-
   nology), Cambridge University
      •Kelsey E. Grinde (Saint Olaf College), University
   of Washington
      •Peter J. Haine (Massachusetts Institute of Technol-
   ogy), Massachusetts Institute of Technology
      •Jackson R. Hance (University of Chicago), Univer-
   sity of Chicago
      •Felipe Hernandez (Massachusetts Institute of
   Technology), Massachusetts Institute of Technol-
   ogy
      •Mo Huang (Washington University), University of
   Pennsylvania
      •Abdon Iniguez (University of California Irvine),
   University of California Irvine
      •Derrick T. Jones (Mississippi Valley State Univer-
   sity), Mississippi State University
      •Aaron Landesman (Harvard College), Harvard
   College
      •Andrea N. Lane (University of North Carolina,
   Chapel Hill), University of North Carolina, Chapel
   Hill
      •Justin D. Lanier (St. John’s College), Georgia Insti-
   tute of Technology
      •Michael Lindsey (Stanford University), University
   of California Berkeley
       •Patrick Lopatto (Washington University), Harvard
   University
      •Thomas A. Mack-Crane (Case Western Reserve
   University), University of California Berkeley
      •Dominique F. Maldague (University of California
   Berkeley), University of California Berkeley
      •Bryan D. Martin (Macalester College), University
   of Washington
      •Ryan W. Matzke (Gettysburg College), University
   of Minnesota, Twin Cities
      •Matthew B. A. McDermott (Harvey Mudd College)
     •Melissa R. McGuirl (College of the Holy Cross),
   Brown University
      •Christine V. Mennicke (Concordia College at Saint 
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2016 AAAS Fellows Elected
The American Academy of Arts and Sciences (AAAS) has 
elected 176 new fellows and 37 foreign honorary members 
for 2016. Following are the new members whose work 
involves the mathematical sciences.
      •Pavel Etingof, Massachusetts Institute of Tech- 
 nology
      •Leslie Greengard, New York University/Simons 
 Foundation
      •János Kollár, Princeton University
      •Bryna R. Kra, Northwestern University
      •Andrei Okounkov, Columbia University
      •Vladimir Rokhlin, Yale University
      •Hirosi Ooguri, California Institute of Technology
      •Thibault D’Amour, Institut des Hautes Études  
 Scientifiques
      •Tal D. Rabin, IBM T. J. Watson Research Center

 
—From an AAAS announcement

Fellows of the Royal Society of 
London for 2015
The following mathematical scientists have been elected 
Fellows of the Royal Society of London: 
      •Clifford Cocks, independent consultant, visiting  
 fellow, University of Bristol
       •Philip Maini, St. John’s College, University of 
 Oxford
      •Jonathan Pila, University of Oxford
      •Richard Thomas, Imperial College London
      •Alison Etheridge, University of Oxford
      •Jens Marklof, University of Bristol
      •Anthony Edwards, University of Cambridge.

 
—From a Royal Society announcement

John C. Moore
Princeton University professor emer-
itus John C. Moore, who died Janu- 
ary 1, specialized in algebraic  
topology and had many important 
concepts named after him, includ-
ing the Borel-Moore homology and 
the Eilenberg-Moore spectral se-
quence. In 1965, he published his 
most cited paper, on Hopf algebras, 
with John Milnor.

Peter May, a University of Chi-
cago professor of mathematics and 
graduate student under Moore in the early 1960s, said, 
“He was a very unworldly man in many respects. His 
interactions, at least with me, were totally focused on 
mathematics.”

After Moore left Princeton, he joined his former stu-
dent Joseph Neisendorfer at the University of Rochester. 

      •Jacqueline M. Wentz (Massachusetts Institute of
   Technology), University of Colorado, Boulder
      •Heather D. Wilber (Boise State University), Boise
   State University
      •Karl G. Winsor (University of Michigan, Ann Arbor),
   University of Michigan Ann Arbor
      •Meng Xie (Duke University), Duke University
      •Farrah Yhee (Wellesley College), University of
   Michigan, Ann Arbor
      •Chelsea Y. Zhang (Harvard College), University of
   California Berkeley
      •Leon Y. Zhang (Massachusetts Institute of Tech-
   nology).

—NSF announcement

SIAM Fellows Elected
The Society for Industrial and Applied Mathematics (SIAM) 
has elected its new Fellows for 2016. Their names and 
institutions follow.
      •Linda J. S. Allen, Texas Tech University
      •Chandrajit Bajaj, University of Texas, Austin
      •Egon Balas, Carnegie Mellon University
      •Gang Bao, Zheijiang University
      •Dwight Barkley, University of Warwick
      •John J. Benedetto, University of Maryland,
   College Park
      •Gregory Beylkin, University of Colorado, Boulder
      •Paul C. Bressloff, University of Utah
      •Xiao-Chuan Cai, University of Colorado, Boulder
      •Thomas F. Coleman, University of Waterloo
      •Clint N. Dawson, University of Texas, Austin
      •Maria J. Esteban, CNRS
      •Michael Hintermüller, Weierstrass Institute
   for Applied Analysis and Stochastics and Hum- 

 boldt-Universität zu Berlin
       •Michael Holst, University of California San Diego
      •Bo K ° agström, Ume ° a University
    •Andrew Knyazev, Mitsubishi Electric Research
   Laboratories (MERL) and University of Colorado,
   Denver
      •Alan J. Laub, University of California Los Angeles
      •Xiaoye Sherry Li, Lawrence Berkeley National
   Laboratory
        •Helena J. Nussenzveig Lopes, Universidade Federal
   do Rio de Janeiro
      •William M. McEneaney, University of California
   San Diego
        •James G. Nagy, Emory University
      •Cynthia A. Phillips, Sandia National Laboratories
      •Michael C. Reed, Duke University
      •Arnd Scheel, University of Minnesota
      •Christoph Schwab, ETH Zurich
      •Endre Süli, University of Oxford
      •Françoise Tisseur, University of Manchester
      •Sabine Van Huffel, KU Leuven
      •David P. Williamson, Cornell University
      •Xunyu Zhou, Columbia University, University of
   Oxford

—From a SIAM announcement

John C. Moore
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Freeman Dyson in 1950, had children Esther and George, 
and was divorced in 1958.

Over her long and nomadic career, Verena held teaching 
and research positions at over fifteen institutions. From 
1973 to 1988 she was professor of philosophy at the 
University of Calgary, Alberta, where she taught gradu-
ate courses on the foundations of mathematics and the 
philosophy and methodology of the sciences and began 
work on a monograph, Gödel’s Theorems: A Workbook on 
Formalization, published by Teubner in 1991. Her personal 
and professional memoirs, commissioned by A K Peters, 
were left unfinished at her death.

Verena purchased a 1940 Dodge convertible shortly 
after her arrival in the United States and almost immedi-
ately fell in love with the American West, driving cross-
country countless times. A lifetime mountaineer and a 
serious amateur photographer, she joined the Sierra Club 
in 1965, attending numerous Sierra Club base camps and 
high trips over the years, and later explored the Canadian 
Rockies with Calgary as a base. After her retirement she 
settled on South Pender Island in British Columbia and 
lived there for most of fourteen years, refurbishing two 
waterfront properties, first at Gowland Point and later at 
Craddock Beach. She became an active kayaker, and made 
trips to Johnstone Strait, Glacier Bay, and Prince William 
Sound.

Although a champion of women’s rights, Verena’s final 
instructions include the statement that “Women should 
not be encouraged to go into mathematics for any motive 
other than their own stubborn preference and curiosity.”

 
—George Dyson 

Neisendorfer recalled an earlier time he visited Moore and 
went into a lengthy, sprawling explanation as Moore sat 
silently before finally replying.

“He just said, ‘If it’s true, it can’t be that complicated’”, 
Neisendorfer said, laughing. “He proceeded right there in 
his chair to come up with the most brilliant, non-obvious 
way to do it. I wished he’d been with us all summer! We 
wouldn’t have wasted so much time. We had been hitting 
away at this problem with sledgehammers and he just 
pulled out his sabre and ZIP!

“He did hard things in clever ways, but he didn’t like 
arguments that were too clever. He didn’t want something 
you could use once and it wouldn’t be useful anymore. 
He wanted an argument that was useful in the long run. 
That’s why so many of his students had influential theses.”

 
—From Morgan Kelly, News at Princeton

Verena Huber-Dyson (1923–
2016)

Verena Huber-Dyson, a Swiss-
American-Canadian mathematician 
known for her work in group theory, 
decision problems, and symbolic 
logic, was born in Naples, Italy on 
May 6, 1923, and died in Belling-
ham, Washington, USA, on March 12, 
2016. Her parents, Karl Huber and 
Berthy Ryffel, were Swiss nationals 
who raised Verena and her sister 
Adelheid in Athens, Greece, until 
forced to return to Switzerland in 
1940 by the war. Her father eventu-
ally worked for the International 
Committee of the Red Cross, moni-
toring the treatment of prisoners 
of war in internment camps. As the 
Red Cross delegate to India and 
Ceylon, he was responsible for Ital-
ian prisoners held in British camps, 

but also visited German and Allied camps in Europe, and 
in 1945–46 served as a Red Cross delegate to the United 
States, which he described to Verena as a place she “defi-
nitely ought to experience at length and in depth but just 
as definitely ought not to settle in.”

Verena’s own leanings toward engineering and the 
outdoors had been repressed by her mother’s social 
conventions, and she turned to mathematics as a more 
acceptable escape. She could observe the requisite social 
appearances outwardly while playing with numbers, invis-
ibly, in her head. She obtained her PhD in mathematics 
from the University of Zürich in 1947 with a thesis in 
finite group theory under Andreas Speiser, and sailed for 
America and a post-doctoral fellowship at the Institute for 
Advanced Study in Princeton aboard the Holland-America 
liner Nieuw Amsterdam on January 1, 1948. 

Verena married Hans-Georg Haefeli in 1942, had a 
daughter Katarina, and was divorced in 1948. She married 

Verena Huber-
Dyson in a 
self-portrait, 
Princeton, ca. 
1955.
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*The most up-to-date listing of NSF funding opportunities from 
the Division of Mathematical Sciences can be found online at: 
www.nsf.gov/dms and for the Directorate of Education and 
Human Resources at www.nsf.gov/dir/index.jsp?org=ehr.  
To receive periodic updates, subscribe to the DMSNEWS listserv by 
following the directions at www.nsf.gov/mps/dms/about.jsp. 

*NSF Mathematical Sciences 
Postdoctoral Research 
Fellowships
The National Science Foundation (NSF) solicits proposals 
for the Mathematical Sciences Postdoctoral Research Fel-
lowships. The deadline for full proposals is October 19, 
2016. See www.nsf.gov/funding/pgm_summ.jsp?pims_
id=5301&org=NSF&sel_org=NSF&from=fund.

 
—From an NSF announcement

*NSF CAREER Awards
The National Science Foundation (NSF) solicits proposals 
for the Faculty Early Career Development Awards. The 
deadline for submissions is July 22, 2016. See www.nsf.
gov/funding/pgm_summ.jsp?pims_id=503214.

 
—From an NSF announcement

Call for Nominations for 2017 
Heineman Prize
The American Physical Society and the American Institute 
of Physics are seeking nominations for the 2017 Dannie 
Heineman Prize in Mathematical Physics. The deadline 
for nominations is July 1, 2016. See www.aps.org/ 
programs/honors/prizes/heineman.cfm.

 
—From an APS announcement

Call for Nominations for the 
2016 SASTRA Ramanujan 
Prize
The Shanmugha Arts, Science, Technology, Research 
Academy (SASTRA) is seeking nominations for the 2016 
SASTRA Ramanujan Prize. The deadline for nominations is 
July 31, 2016. See qseries.org/sastra-prize/nomina-
tions-2016.html.

 
—Krishna Alladi, University of Florida

Call for Nominations for 2016 
Parzen Prize
The Emanuel and Carol Parzen Prize for Statistical Inno-
vation is awarded in even-numbered years by the Depart-
ment of Statistics at Texas A&M University for outstanding 
research contributions by a statistician who is at least 
twenty-five years from receipt of their PhD. Nominations 
are being sought for the 2016 Parzen Prize. The deadline 
for nominations is August 15, 2016. See www.stat.tamu.
edu/about/awards-and-prizes/parzenprize/call-
for-nominations.

 
—From a Texas A&M announcement

Joint DMS/NIGMS Initiative 
to Support Research at the 
Interface of the Biological and 
Mathematical Sciences
The Division of Mathematical Sciences (DMS) of the Na-
tional Science Foundation (NSF) and the National Insti-
tute of General Medical Sciences (NIGMS) of the National 
Institutes of Health (NIH) plan to support research in  

http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5301&org=NSF&sel_org=NSF&from=fund
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5301&org=NSF&sel_org=NSF&from=fund
http://qseries.org/sastra-prize/nominations-2016.html
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503214
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=503214
http://www.stat.tamu.edu/about/awards-and-prizes/parzenprize/call-for-nominations
http://www.stat.tamu.edu/about/awards-and-prizes/parzenprize/call-for-nominations
http://www.aps.org/programs/honors/prizes/heineman.cfm
http://www.aps.org/programs/honors/prizes/heineman.cfm
http://www.nsf.gov/dms
http://www.nsf.gov/dir/index.jsp?org=ehr
http://www.nsf.gov/mps/dms/about.jsp
http://qseries.org/sastra-prize/nominations-2016.html
http://www.stat.tamu.edu/about/awards-and-prizes/parzenprize/call-for-nominations
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mathematics and statistics on questions in the biological and  
biomedical sciences. The deadline for proposals is Septem- 
ber 14, 2016. See www.nsf.gov/funding/pgm_summ.
jsp?pims_id=5300.

 
—From an NSF announcement

Call for the 2017 Sunyer Prize
The Ferran Sunyer i Balaguer Foundation seeks submis-
sions for the 2017 Sunyer Prize. The prize will be awarded 
for a mathematical monograph of an expository nature 
presenting the latest developments in an active area of 
research in mathematics.

The prize consists of 15.000 euros (approxi-
mately US$17,000) .  The winning monograph 
will be published in the Birkhäuser series Progress 
in Mathematics. The deadline for submissions is  
December 1, 2016. See ffsb.iec.cat.

 
—From a Fundació Ferran Sunyer i Balaguer 

announcement

Fulbright Postdoctoral 
Fellowships in Israel
Approximately eight Fulbright Postdoctoral Fellowships 
will be awarded to US researchers for work to be carried 
out at Israeli universities during the 2017–2018 academic 
year. The deadline for applications is August 1, 2016. See 
catalog.cies.org/viewAward.aspx?n=7395&dc=IS.

 
—From a Fulbright announcement

IMA Prize in Mathematics and 
Its Applications
The Institute for Mathematics and Its Applications (IMA) 
awards the annual Prize in Mathematics and its Applica-
tions to an individual who has made a transformative im-
pact on the mathematical sciences and their applications. 
The deadline for nominations is July 15, 2016. See www.
ima.umn.edu/prize.

 
—From an IMA announcement

News from the Clay 
Mathematics Institute
The 2016 Clay Research Conference will be held on Sep-
tember 28, 2016, at the Mathematical Institute of the 
University of Oxford. The plenary speakers are:
      •David Ben-Zvi (Austin)
      •Manjul Bhargava (Princeton)
      •Tom Ilmanen (ETH Zürich)

      •János Kollár (Princeton) 
Associated workshops that will be held through- 

out the week of September 26–30 include Geometric 
Representation Theory and Beyond; Algebraic Geome- 
try: Old and New; Mean Curvature Flow; and Recent  
Developments on Elliptic Curves. Registration for the 
Clay Research Conference is free but required. Participa-
tion in the workshops is by invitation; a limited number 
of additional places is available. Limited accommodation 
is available for PhD students and early career research-
ers. For more information email Naomi Kraker at admin@
claymath.org and see www.claymath.org.

 
—From a CMI announcement

News from the MSRI
With funding from the National Science Foundation, 
the National Security Agency, and the Clay Mathematics 
Institute, the Mathematical Sciences Research Institute 
(MSRI) will hold five workshops during the fall of 2016 in 
geometric group theory.

Established researchers, postdoctoral fellows and 
graduate students are invited to apply for funding. It is 
the policy of MSRI to actively seek to achieve diversity in 
its workshops. Thus, a strong effort is made to remove 
barriers that hinder equal opportunity, particularly for 
those groups that have been historically underrepresented 
in the mathematical sciences. MSRI has a resource to as-
sist visitors with finding childcare in Berkeley. For more 
information, please contact Sanjani Varkey at sanjani@
msri.org.

The workshops are as follows:
August 17–August 19, 2016: Connections for Women: 

Geometric Group Theory. www.msri.org/workshops/768 
August 22–August 26, 2016: Introductory Workshop: 

Geometric Group Theory. www.msri.org/workshops/769 
September 27–September 30, 2016: Groups Acting on 

CAT(0) Spaces. www.msri.org/workshops/772
October 25–October 28, 2016 :  Geometry of  

Mapping Class Groups and Out(Fn). www.msri.org/
workshops/771

December 6–December 9, 2016 : Amenability, Coarse 
Embeddability, and Fixed Point Properties. www.msri.
org/workshops/770

 
—From an MSRI announcement

http://www.claymath.org.
http://catalog.cies.org/viewAward.aspx?n=7395&dc=IS
http://www.ima.umn.edu/prize
http://www.ima.umn.edu/prize
http://www.msri.org/workshops/768
http://www.msri.org/workshops/769
http://www.msri.org/workshops/772
http://www.msri.org/workshops/771
http://www.msri.org/workshops/771
http://www.msri.org/workshops/770
http://www.msri.org/workshops/770
http://ffsb.iec.cat
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5300
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5300
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Fan China Exchange Program 
Grant Awarded
The Society’s Fan China Exchange Program awards grants 
to support collaborations between Chinese and US or 
Canadian researchers. Institutions in the United States or 
Canada apply for the funds to support a visitor from China 
or vice versa. This funding is made possible through a gen-
erous gift made to the AMS by Ky and Yu-Fen Fan in 1999.

For 2016, Huazhong University of Science and 
Technology received a grant of US$8,350 to support a 
visit from Gang George Yin of Wayne State University. The 
visitor’s own department will receive a grant of US$1,000 
after the visit.

For information about the Fan China Exchange Pro-
gram, visit the website www.ams.org/programs/travel-
grants/china-exchange/ or contact the AMS Member-
ship and Programs Department, email: chinaexchange@
ams.org or telephone: or 401–455–4170 (within the US 
call 800-321-4267, ext. 4170).

 
—AMS Membership and Programs Department

Epsilon Awards Announced
The AMS has chosen twenty-six summer mathematics pro-
grams to receive Epsilon grants for 2016. These programs 
give students a chance to learn aspects of mathematics 
that may not be covered in their schools and to share their 
enthusiasm for mathematics with like-minded students. 
The programs selected and their directors are: 

All Girls/All Math, University of Nebraska, Lincoln, Yu 
Jin, director

Baa Hozho Mathematics Camp ,  Kansas State 
University, Manhattan, David Auckly, director 

Bridge to Enter Advanced Mathematics (BEAM), Bard College, 
Annandale-on-Hudson, New York, Daniel Zaharopol, director 

Camp Euclid, online, David Gay, director 

Canada/USA Mathcamp, Colby College, Waterville, Maine, 
Marisa Debowsky, director

Florida Tech Math Circle, Florida Institute of Technology, 
Melbourne, Florida, Ugur G. Abdulla, director

GirlsGetMath@ICERM, Brown University, Providence, 
Rhode Island, Jill Pipher, director

Governor’s Institute on Mathematical Sciences, Univer-
sity of Vermont, Burlington, Karen Taylor Mitchell, director

Hampshire College Summer Studies in Mathematics, 
Hampshire College, Amherst, Massachusetts, David C. 
Kelly, director

Joseph Baldwin Academy for Eminent Young Scholars, 
Truman State University, Kirksville, Missouri, Kevin Minch, 
director

MathILy, Bryn Mawr College, Bryn Mawr, Pennsylvania, 
sarah-marie belcastro, director 

MathILy-Er, University of Washington, Seattle, Jonah Os-
troff, director

MathPath, Swarthmore College, Swarthmore, Pennsylva-
nia, Stephen B. Maurer, director

Mathworks Honors Summer Math Camp, Texas State 
University, San Marcos, Max L. Warshauer, director

New York Math Circle High School Summer Program, Cou-
rant Institute of New York University, Kovan Pillai, director

P R O M Y S  ( P r o g r a m  i n  M a t h e m a t i c s  f o r 
Young Sc ient is ts ) ,  Boston Univers i ty ,  Bos -
ton,  Massachusetts ,  Glenn Stevens,  director 
 
PROTaSM (Puerto Rico Opportunities for Tal-
ented Students in Mathematics) ,  University 
of Puerto Rico, Mayaguez, Luis F. Caceres, director 

Research Science Institute, Massachusetts Institute of 
Technology, Boston, Massachusetts, Charles M. Farmer, 
director

Ross Mathematics Program, Ohio State University, Co-
lumbus, Ohio, Daniel Shapiro, director

SigmaCamp, Stony Brook University, Stony Brook, New 
York, Alexander Kirillov, director 

SMaRT (Summer Mathematics Research Training) Camp, 
Texas A&M, College Station, Texas, Peter Kuchment, direc-
tor

http://www.ams.org/programs/travel-grants/china-exchange/
http://www.ams.org/programs/travel-grants/china-exchange/
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STEM for Scholars, University of South Florida, Tampa, 
Florida, Manoug N. Manougian, director

Summer Institute for Mathematics at UW, University of 
Washington, Seattle, Ron Irving, director

Summer Mathematics Program for High School Students, 
University of Utah, Salt Lake City, Aryn M. DeJulis, director 

Williams College Math Camp, Williams College, William-
stown, Massachusetts, Allison M. Pacelli, director

Young Scholars Program, University of Chicago, Hyde 
park, Chicago, Robert Fefferman, director

 
—AMS announcement

Erdős Memorial Lecture
The Erdős Memorial Lecture is an annual invited address 
named for the prolific mathematician Paul Erdős (1913–
1996). The lectures are supported by a fund created by 
Andrew Beal, a Dallas banker and mathematics enthusiast. 
The Beal Prize Fund, now US$1,000,000, is being held by 
the AMS until it is awarded for a correct solution to the 
Beal Conjecture (see www.math.unt.edu/~mauldin/
beal.html). At Mr. Beal’s request, the interest from the 
fund is used to support the Erdős Memorial Lecture.

The 2016 Erdős Memorial Lecturer was Ravi Vakil of 
Stanford University, who gave a lecture titled “Cutting and 
Pasting in Algebraic Geometry.” The lecture was held at the 
2016 Spring Western Sectional Meeting at the University 
of Utah in April 2016.

The 2017 Erdős Memorial Lecture will be held dur-
ing the 2017 Spring Eastern Sectional Meeting at Hunter 
College, City University of New York, May 6–7, 2017. The 
lecturer will be James Maynard, Magdalen College.

 
—AMS announcement

From the AMS Public 
Awareness Office
AMS at USASEF. The AMS hosted both a “Pushing the Enve- 
lope” curve-stitching activity and Who Wants to Be a Mathema-
tician at the USA Science and Engineering Festival in Washing- 
ton, DC, April 15–17, 2016. Susan Wildstrom and student 
volunteers from Walt Whitman High School led the activity 
in the booth, which was visited by nearly three thousand 
children, parents, teachers, and mathematicians. Ajay 
Arora, a freshman at Novi High School, won US$1,000 in 
the game. Photo and video highlights are at www.ams.org/
meetings/usasef-2016.

Programs for New Faculty. This new web page is a 
central source for new faculty members to find resources 
for research, teaching, networking and advancement, and 
membership. www.ams.org/new-faculty

New on Mathematical Imagery. See an album of se-
lected works from the 2016 Mathematical Art Exhibition 
and additional digital works by Hamid Naderi Yeganeh. 
www.ams.org/mathimagery

 

—Annette Emerson and Mike Breen
AMS Public Awareness Officers

paoffice@ams.org

Deaths of AMS Members
Sergei Duzhin, professor, Steklov Institute of Mathemat-
ics, died on February 1, 2015. Born on June 17, 1956, he 
was a member of the Society for 30 years. 

Marion P. Emerson, of Emporia, Kansas, died on Febru-
ary 27, 2015. Born on February 24, 1918, he was a member 
of the Society for 66 years. 

Kenneth E. Haagensen, of Minneapolis, Minnesota, 
died on March 22, 2015. Born on September 21, 1937, he 
was a member of the Society for 39 years.

Robert Hubata, of Phoenix, Arizona, died on April 20, 
2015. Born on December 5, 1942, he was a member of the 
Society for 31 years.

George A. Hufford, of Boulder, Colorado, died on 
April 11, 2014. Born on June 1, 1927, he was a member 
of the Society for 63 years.

Joseph Lehner, of Haverford, Pennsylvania, died on Au-
gust 5, 2013. Born on October 29, 1912, he was a member 
of the Society for 72 years.

Gordon B. Preston, of the United Kingdom, died on 
April 14, 2015. Born on April 28, 1925, he was a member 
of the Society for 58 years. 

Kurt Strebel, of Switzerland, died on September 23, 
2013. Born on April 20, 1921, he was a member of the 
Society for 59 years.

Elliot S. Wolk, of Storrs, Connecticut, died on  
April 18, 2015. Born on August 5, 1919, he was a member 
of the Society for 65 years.
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A family of participants at USASEF holding up their 
finished patterns.
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Suggested uses for classified advertising are positions available, books or 
lecture notes for sale, books being sought, exchange or rental of houses, 
and typing services. The publisher reserves the right to reject any advertis-
ing not in keeping with the publication's standards. Acceptance shall not 
be construed as approval of the accuracy or the legality of any advertising.
The 2016 rate is $3.50 per word with a minimum two-line headline. No 
discounts for multiple ads or the same ad in consecutive issues. For an 
additional $10 charge, announcements can be placed anonymously. Cor-
respondence will be forwarded.
Advertisements in the “Positions Available” classified section will be set 
with a minimum one-line headline, consisting of the institution name above 
body copy, unless additional headline copy is specified by the advertiser. 
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2016; June/July 2016—April 29, 2016; August 2016—May 30, 2016; Sep-
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2016—August 29, 2016; December 2016—September 29, 2016.
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sex, race, religion, or national origin. “Positions Available” advertisements 
from institutions outside the US cannot be published unless they are ac-
companied by a statement that the institution does not discriminate on 
these grounds whether or not it is subject to US laws. Details and specific 
wording may be found on page 1373 (vol. 44).
Situations wanted advertisements from involuntarily unemployed math-
ematicians are accepted under certain conditions for free publication. Call 
toll-free 800-321-4AMS (321-4267) in the US and Canada or 401-455-4084 
worldwide for further information.
Submission: Promotions Department, AMS, P.O. Box 6248, Providence, Rhode 
Island 02904; or via fax: 401-331-3842; or send email to classads@ams.org. 
AMS location for express delivery packages is 201 Charles Street, Providence, 
Rhode Island 02904. Advertisers will be billed upon publication.

CLASSIFIED 
ADVERTISEMENTS
Positions available, items for sale, 
services available, and more

INDIANA

Call for Fellows for 2017–2018 
Notre Dame Institute for  
Advanced Study (NDIAS)

The Notre Dame Institute for Advanced Study (NDIAS) supports 
research of both applied and theoretical research questions, in 
all disciplines. NDIAS fosters transformational research, encour-
aging work that addresses questions of value. Fellows receive 
stipends up to $60,000, subsidized housing, research funding, a 
faculty office, and multiple opportunities for engagement in an 
academic community of scientists, artists, and scholars at the 
University of Notre Dame. All those with promising and appro-
priate projects, whether distinguished and established or begin-
ning a career, are invited to apply. Application deadline: Octo- 
ber 15, 2016. For further information, please see ndias.nd.edu. 
Direct questions to ndias@nd.edu or 574-631-1305.

000016

http://icerm.brown.edu
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To subscribe to email notification of new AMS publications,
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Algebra and Algebraic Geometry

Igusa’s p-Adic Local
Zeta Function and the
Monodromy Conjecture
for Non-Degenerate
Surface Singularities

Bart Bories and Willem Veys,
Katholieke Universiteit Leuven,
Belgium

Contents: Introduction; On the Integral Points in a Three-Dimensional
Fundamental Parallelepiped Spanned by Primitive Vectors; Case I:
Exactly One Facet Contributes to s0 and this Facet Is a B1-Simplex;
Case II: Exactly One Facet Contributes to s0 and this Facet Is a
Non-Compact B1-Facet; Case III: Exactly Two Facets of Γf Contribute
to s0, and These Two Facets Are Both B1-Simplices with Respect to
a Same Variable and Have an Edge in Common; Case IV: Exactly
Two Facets of Γf Contribute to s0, and These Two Facets Are Both
Non-Compact B1-Facets with Respect to a Same Variable and Have an
Edge in Common; Case V: Exactly Two Facets of Γf Contribute to s0;
One of Them Is a Non-Compact B1-Facet, the Other One a B1-Simplex;
These Facets Are B1 with Respect to a Same Variable and Have an Edge
in Common; Case VI: At Least Three Facets of Γf Contribute to s0; All
of Them Are B1-Facets (Compact or Not) with Respect to a Same
Variable and They Are ’Connected to Each Other by Edges’; General
Case: Several Groups of B1-Facets Contribute to s0; Every Group Is
Separately Covered By One of the Previous Cases, and the Groups
Have Pairwise at Most One Point in Common; The Main Theorem for a
Non-Trivial Character of Z×p ; The Main Theorem in the Motivic Setting;
References.

Memoirs of the American Mathematical Society, Volume 242,
Number 1145

June 2016, 131 pages, Softcover, ISBN: 978-1-4704-1841-0,
LC 2016011017, 2010 Mathematics Subject Classification: 14D05,
11S80, 14E18, 14J17; 52B20, 32S40, 58K10, Individual member

US$50.40, List US$84, Institutional member US$67.20, Order code
MEMO/242/1145

Advances in the Theory
of Automorphic Forms
and Their L-functions

Dihua Jiang, University of
Minnesota, Minneapolis, MN,
Freydoon Shahidi, Purdue
University, West Lafayette, IN, and
David Soudry, Tel Aviv University,
Israel, Editors

This volume contains the proceedings of the workshop on “Advances
in the Theory of Automorphic Forms and Their L-functions” held in
honor of James Cogdell’s 60th birthday, from October 16–25, 2013, at
the Erwin Schrödinger Institute (ESI) at the University of Vienna.

The workshop and the papers contributed to this volume circle
around such topics as the theory of automorphic forms and their
L-functions, geometry and number theory, covering some of the
recent approaches and advances to these subjects. Specifically, the
papers cover aspects of representation theory of p-adic groups,
classification of automorphic representations through their Fourier
coefficients and their liftings, L-functions for classical groups, special
values of L-functions, Howe duality, subconvexity for L-functions,
Kloosterman integrals, arithmetic geometry and cohomology of
arithmetic groups, and other important problems on L-functions,
nodal sets and geometry.

This item will also be of interest to those working in number theory.

Contents: M. Asgari, J. W. Cogdell, and F. Shahidi, Local transfer
and reducibility of induced representations of p-adic groups of
classical type; A. I. Badulescu and G. Henniart, Shintani relation for
base change: Unitary and elliptic representations; A. Ben-Artzi and
D. Soudry, On L-functions for U2kxRE/FGLm, (k < m); W. T. Gan
and S. Takeda, On the Howe duality conjecture in classical theta
correspondence; H. Grobner, M. Harris, and E. Lapid, Whittaker
rational structures and special values of the Asai L-function;
R. Holowinsky, R. Munshi, and Z. Qi, Character sums of composite
moduli and hybrid subconvexity; R. Howe, A linear algebra
description of KC \GC/BC for classical groups; H. Jacquet, Germs
for Kloosterman integrals, a review; D. Jiang and B. Liu, Fourier
coefficients for automorphic forms on quasisplit classical groups;
J.-L. Kim, A generalized Casselman-Shalika formula on GLN ;
H. H. Kim and T. Yamauchi, A conditional construction of Artin
representations for real analytic Siegel cusp forms of weight (2,1);
S. Kudla, Another product for a Borcherds form; E. Lapid and Z. Mao,
On Whittaker-Fourier coefficients of automorphhic forms on unitary
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groups: Reduction to a local identity; J. Nekovář and A. J. Scholl,
Introduction to plectic cohomology; K. Martin and D. Ramakrishnan,
A comparison of automorphic and Artin L-series of GL(2)-type
agreeing at degree one primes; P. Sarnak and I. Wigman, Topologies
of nodal sets of random band limited functions; J. Schwermer
and C. Waldner, Geometric cycles, classical groups and related
cohomology classes for arithmetic groups.

Contemporary Mathematics, Volume 664

April 2016, 376 pages, Softcover, ISBN: 978-1-4704-1709-3, LC
2015039385, 2010 Mathematics Subject Classification: 11Fxx, 11Gxx,
11Mxx, 22Exx, AMS members US$86.40, List US$108, Order code
CONM/664

The Local Structure for
Finite Groups With a
Large p-Subgroup

U. Meierfrankenfeld, Michigan
State University, East Lansing,
MI, B. Stellmacher, Christian-
Albrechts-University of Kiel,
Germany, and G. Stroth, Martin-
Luther-Unversität Halle-Wittenberg,
Germany

Contents: Definitions and Preliminary Results; The Case Subdivision
and Preliminary Results; The Orthogonal Groups; The Symmetric
Case; The Short Asymmetric Case; The Tall char p-Short Asymmetric
Case; The char p-Tall Q-Short Asymmetric Case; The Q-Tall
Asymmetric Case I; TheQ-Tall Asymmetric Case II; Proof of the Local
Structure Theorem; Appendix A. Module theoretic Definitions and
Results; Appendix B. Classical Spaces and Classical Groups; Appendix
C. FF-Module Theorems and Related Results; Appendix D. The Fitting
Submodule; Appendix E. The Amalgam Method; Bibliography; List of
Symbols; List of Definitions.

Memoirs of the American Mathematical Society, Volume 242,
Number 1147

June 2016, 342 pages, Softcover, ISBN: 978-1-4704-1877-9, LC
2016018300, 2010 Mathematics Subject Classification: 20D05, In-

dividual member US$64.80, List US$108, Institutional member
US$86.40, Order code MEMO/242/1147

Lie Algebras, Lie
Superalgebras, Vertex
Algebras and Related
Topics

Kailash C. Misra, North Carolina
State University, Raleigh, NC,
Daniel K. Nakano, University of
Georgia, Athens, GA, and Brian
J. Parshall, University of Virginia,
Charlottesville, VA, Editors

This book contains the proceedings of the 2012–2014 Southeastern
Lie Theory Workshop Series held at North Carolina State University in
April 2012, at College of Charleston in December 2012, at Louisiana
State University in May 2013, and at University of Georgia in May 2014.

Some of the articles by experts in the field survey recent
developments while others include new results in representations of
Lie algebras, and quantum groups, vertex (operator) algebras and Lie
superalgebras.

Contents: T. Arakawa and W. Wang, Modular affine vertex algebras
and baby Wakimoto modules; A.-M. Aubert, W. Kraśkiewicz, and
T. Przebinda, Howe correspondence and Springer correspondence
for dual pairs over a finite field; K. Barron, Twisted modules for
tensor product vertex operator superalgebras and permutation
automorphisms of odd order; C. P. Bendel, D. K. Nakano, and
C. Pillen, Third cohomology for Frobenius kernels and related
structures; S. Ceken, J. H. Palmieri, Y.-H. Wang, and J. J. Zhang,
Invariant theory for quantum Weyl algebras under finite group
action; T. Ferguson, M. Gorelik, and D. Grantcharov, Bounded
highest weight modules over osp(1,2n); S.-J. Kang, K.-H. Lee,
H. Ryu, and B. Salisbury, A combinatorial description of the affine

Gindikin-Karpelevich formula of type A(1)n ; Y. Li, Canonical bases
of Cartan-Borcherds type, II: Constructible functions on singular
supports; M. Schlichenmaier, Krichever-Novikov type algebras.
An introduction; O. K. Sheinman, Lax operator algebras and Lax
equations; B. J. Parshall and L. L. Scott, From forced gradings to
Q-Koszul algebras; L. Rider and A. Russell, Perverse sheaves on the
nilpotent cone and Lusztig’s generalized Springer correspondence;
M. Vazirani, Categorifying the tensor product of a level 1 highest
weight and perfect crystal in type A; A. M. Zeitlin, On the unitary
representations of the affine ax+ b-group, ŝl(2,R) and their relatives.

Proceedings of Symposia in Pure Mathematics, Volume 92

July 2016, 355 pages, Hardcover, ISBN: 978-1-4704-1844-1, LC
2015043322, 2010 Mathematics Subject Classification: 17B37, 17B55,
17B56, 17B65, 17B67, 17B69, 20C08, 20C11, 20G05, 20G42, AMS

members US$96, List US$120, Order code PSPUM/92
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Adelic Divisors on
Arithmetic Varieties

Atsushi Moriwaki, Kyoto
University, Japan

Contents: Introduction; Preliminaries;
Adelic R-Cartier Divisors over a Discrete
Valuation Field; Local and Global Density
Theorems; Adelic Arithmetic R-Cartier
Divisors; Continuity of the Volume
Function; Zariski Decompositions of Adelic

Arithmetic Divisors on Arithmetic Surfaces; Characterization of
Nef Adelic Arithmetic Divisors on Arithmetic Surfaces; Dirichlet’s
Unit Theorem for Adelic Arithmetic Divisors; Appendix A.
Characterization of Relatively Nef Cartier Divisors; Bibliography;
Subject Index; Symbol Index.

Memoirs of the American Mathematical Society, Volume 242,
Number 1144

June 2016, 122 pages, Softcover, ISBN: 978-1-4704-1926-4, LC
2016011014, 2010 Mathematics Subject Classification: 14G40; 11G50,
37P30, Individual member US$50.40, List US$84, Institutional
member US$67.20, Order code MEMO/242/1144

Collected Works of John
Tate
Parts I and II (The Set)

Barry Mazur, Harvard University,
Cambridge, MA, and Jean-Pierre
Serre, Collège de France, Paris,
France, Editors

In these volumes, a reader will find all
of John Tate’s published mathematical

papers—spanning more than six decades—enriched by new
comments made by the author. Included also is a selection of his
letters. His letters give us a close view of how he works and of his ideas
in process of formation.

This item will also be of interest to those working in number theory.

Collected Works, Volume 24

Parts I and II are sold separately. For information about each part,
see the New Publication entries that follow.

Set: August 2016, approximately 1451 pages, Hardcover, ISBN:
978-0-8218-9091-2, LC 2015051378, 2010 Mathematics Subject
Classification: 01A75, 11-XX, 14Gxx, 14Kxx; 11Gxx, 11Mxx, 14Lxx,
AMS members US$216, List US$270, Order code CWORKS/24

Collected Works of John
Tate
Part I (1951–1975)

Barry Mazur, Harvard University,
Cambridge, MA, and Jean-Pierre
Serre, Collège de France, Paris,
France, Editors

In these volumes, a reader will find all
of John Tate’s published mathematical

papers—spanning more than six decades—enriched by new
comments made by the author. Included also is a selection of his
letters. His letters give us a close view of how he works and of his ideas
in process of formation.

This item will also be of interest to those working in number theory.

Contents: J. T. Tate, Fourier analysis in number fields and Hecke’s
zeta-functions; E. Artin and J. T. Tate, A note on finite ring
extensions; J. Tate, On the relation between extremal points of
convex sets and homomorphisms of algebras; J. Tate, Genus change
in inseparable extensions of function fields; S. Lang and J. Tate,
On Chevalley’s proof of Luroth’s theorem; J. Tate, The higher
dimensional cohomology groups of class field theory; J. T. Tate,
The cohomology groups of algebraic number fields; Y. Kawada
and J. Tate, On the Galois cohomology of unramified extensions
of function fields in one variable; R. Brauer and J. Tate, On the
characters of finite groups; J. Tate, Homology of Noetherian rings
and local rings; J. Tate, WC-groups over p-adic fields; E. Artin and
J. Tate, On the inequality of Castelnuovo-Severi; J. Tate, On the
inequality of Castelnuovo-Severi, and Hodge’s theorem; S. Lang and
J. Tate, Principal homogeneous spaces over abelian varieties; J. Tate,
Principal homogeneous spaces for abelian varieties; A. Fröhlich, J.-P.
Serre, and J. Tate, A different with an odd class; J. Tate, Nilpotent
quotient groups; J. Tate, Duality theorems in Galois cohomology over
number fields; S. Sen and J. Tate, Ramification groups of local fields;
J. Lubin and J. Tate, Formal complex multiplication in local fields;
J. T. Tate, Algebraic cycles and poles of zeta functions; J. Lubin,
J. Serre, and J. Tate, Elliptic curves and formal groups; J. Tate, On the
conjectures of Birch and Swinnerton-Dyer and a geometric analog;
J. Lubin and J. Tate, Formal moduli for one-parameter formal Lie
groups; J. Tate, The cohomology groups of tori in finite Galois
extensions of number fields; J. T. Tate, Global class field theory;
J. Tate, Endomorphisms of abelian varieties over finite fields; J. T.
Tate and I. R. Šafarevič, The rank of elliptic curves; J. Tate, Residues
of differentials on curves; J. T. Tate, p-divisible groups; J. Tate, The
work of David Mumford; J. Tate, Classes d’isogenie des variétés
abéliennes sur un corps fini (d’après T. Honda); J.-P. Serre and J. Tate,
Good reduction of abelian varieties; J. Tate and F. Oort, Group
schemes of prime order; J. Tate, Symbols in arithmetic; J. Tate, Rigid
analytic spaces; H. Bass and J. Tate, The Milnor ring of a global field;
H. Bass and J. Tate, Appendix; J. Tate, Letter from Tate to Iwasawa on
a relation betweenK2 and Galois cohomology; B. Mazur and J. Tate,
Points of order 13 on elliptic curves; J. T. Tate, The arithmetic of
elliptic curves; J. Tate, The 1974 Fields Medals (I): An algebraic
geometer; J. Tate, Algorithm for determining the type of a singular
fiber in an elliptic pencil; J. Tate, Letters.

Collected Works, Volume 24

August 2016, approximately 714 pages, Hardcover, ISBN: 978-0-8218-

9092-9, LC 2015051378, 2010 Mathematics Subject Classification:

01A75, 11-XX, 14Gxx, 14Kxx; 11Gxx, 11Mxx, 14Lxx, AMS members

US$120, List US$150, Order code CWORKS/24.1
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Collected Works of John
Tate
Part II (1976–2006)

Barry Mazur, Harvard University,
Cambridge, MA, and Jean-Pierre
Serre, Collège de France, Paris,
France, Editors

In these volumes, a reader will find all
of John Tate’s published mathematical

papers—spanning more than six decades—enriched by new
comments made by the author. Included also is a selection of his
letters. His letters give us a close view of how he works and of his ideas
in process of formation.

This item will also be of interest to those working in number theory.

Contents: J. Tate, Problem 9: The general reciprocity law; J. Tate,
Relations between K2 and Galois cohomology; J. T. Tate, Local
constants; J. Tate, On the torsion inK2 of fields; J. Tate, Fields medals
(IV): An instinct for the key idea; P. Cartier and J. Tate, A simple proof
of the main theorem of elimination theory in algebraic geometry;
J. Tate, Number theoretic background; J. Tate, The Harish-Satake
transform on GLr ; J. Tate, Brumer-Stark-Stickelberger; J. Tate, On
conjugation of abelian varieties of CM type; J. Tate, On Stark’s
conjectures on the behavior of L(s, χ) at s = 0; J. Tate, Variation of
the canonical height of a point depending on a parameter; S. Rosset
and J. Tate, A reciprocity law for K2-traces; B. Mazur and J. Tate,
Canonical height pairings via Biextensions; B. Mazur, J. Tate, and
J. Teitelbaum, On p-adic analogues of the conjectures of Birch and
Swinnerton-Dyer; B. Mazur and J. Tate, Refined conjectures of the
“Birch and Swinnerton-Dyer type”; B. Gross and J. Tate, Commentary
on algebra; M. Artin, J. Tate, and M. Van den Bergh, Some algebras
associated to automorphisms of elliptic curves; B Mazur and J. Tate,
The p-adic sigma function; M. Artin, W. Schelter, and J. Tate,
Quantum deformations of GLn; M. Artin, J. Tate, and M. Van den
Bergh, Modules over regular algebras of dimension 3; J. Tate,
Conjectures on algebraic cycles in `-adic cohomology; S. P. Smith
and J. Tate, The center of the 3-dimensional and 4-dimensional
Sklyanin algebras; J. Tate, The non-existence of certain Galois
extensions of Q unramified outside 2; M. Artin, W. Schelter, and
J. Tate, The centers of 3-dimensional Sklyanin algebras; J. Tate, A
review of non-Archimedean elliptic functions; J. Tate and M. Van
den Bergh, Homological properties of Sklyanin algebras; J. Tate and
J. F. Voloch, Linear forms in p-adic roots of unity; J. Tate, Finite flat
group schemes; N. M. Katz and J. Tate, Bernard Dwork (1923-1998);
J. Tate, Galois cohomology; J. Tate, On a conjecture of Finotti; J. Tate,
Refining Gross’s conjecture on the values of abelian L-functions;
M. Artin, F. Rodriguez-Villegas, and J. Tate, On the Jacobians of
plane cubics; B. Mazur, W. Stein, and J. Tate, Computation of p-adic
heights and log convergence; J. Tate, Letters.

Collected Works, Volume 24

August 2016, approximately 737 pages, Hardcover, ISBN: 978-0-8218-
9093-6, LC 2015051378, 2010 Mathematics Subject Classification:
01A75, 11-XX, 14Gxx, 14Kxx; 11Gxx, 11Mxx, 14Lxx, AMS members

US$120, List US$150, Order code CWORKS/24.2

Analysis

Complex Analysis and
Dynamical Systems VI
Part 2: Complex Analysis,
Quasiconformal Mappings,
Complex Dynamics

Mark L. Agranovsky, Bar-Ilan
University, Ramat-Gan, Israel,
Matania Ben-Artzi, Hebrew
University of Jerusalem, Israel,
Greg Galloway, University of
Miami, Coral Gables, FL, Lavi
Karp, ORT Braude College,
Karmiel, Israel, Dmitry Khavinson,
University of South Florida, Tampa,
FL, Simeon Reich, Technion-Israel
Institute of Technology, Haifa,
Israel, Gilbert Weinstein, Ariel
University, Israel, and Lawrence
Zalcman, Bar-Ilan University,
Ramat-Gan, Israel, Editors

This volume contains the proceedings of the Sixth International
Conference on Complex Analysis and Dynamical Systems, held from
May 19–24, 2013, in Nahariya, Israel, in honor of David Shoikhet’s
sixtieth birthday.

The papers range over a wide variety of topics in complex analysis,
quasiconformal mappings, and complex dynamics. Taken together,
the articles provide the reader with a panorama of activity in these
areas, drawn by a number of leading figures in the field. They testify to
the continued vitality of the interplay between classical and modern
analysis.

The companion volume (Contemporary Mathematics, Volume 653) is
devoted to partial differential equations, differential geometry, and
radon transforms.

Contents: M. Abate and F. Bracci, Common boundary regular
fixed points for homomorphic semigroups in strongly convex
domains; D. Aharonov and U. Elias, Univalence criteria depending
on parameters and applications; L. Aizenberg, E. Liflyand, and
A. Vidras, Hausdorff operators in Hardy spaces on Cartan type
domains in Cn; J. A. Ball and V. Bolotnikov, On the expansive
property of inner functions in weighted Hardy spaces; A. del Monaco
and P. Gumenyuk, Chordal Loewner equation; P. C. Fenton, On a
lemma of Bergweiler; A. Golberg, R. Salimov, and E. Sevost’yanov,
Normal families of discrete open mappings with controlled
p-module; S. Hokuni, R. Klén, Y. Li, and M. Vuorinen, Balls in the
triangular ratio metric; A. V. Isaev, Examples of reconstruction
of homogeneous isolated hypersurface singularities from Their
Milnor algebras; V. Katsnelson, On summation of the Taylor series
of the function 1/(1 − z) by the theta summation method; S. L.
Krushkal, Strengthened Grunsky and Milin inequalities; R. Kühnau,
Quasiconformal mappings with replaced dilatation; E. Levin and D.
S. Lubinsky, Universality limits involving orthogonal polynomials
on a smooth closed contour; K. Malaikah, T. V. Savina, and A. A.
Nepomnyashchy, Hele-Shaw flow with a time-dependent gap: The
Schwarz function approach to the interior problem; P. Mellon, A

688 Notices of the AMS Volume 63, Number 6

http://www.ams.org/bookstore-getitem/item=cworks-24-2
http://www.ams.org/bookstore-getitem/item=cworks-24-2
http://www.ams.org/bookstore-getitem/item=cworks-24-2
http://www.ams.org/bookstore-getitem/item=conm-667
http://www.ams.org/bookstore-getitem/item=conm-667
http://www.ams.org/bookstore-getitem/item=conm-667


New Publications Offered by the AMS

Jordan approach to iteration theory for bounded symmetric domains;
Y. A. Muhanna and S. Ponnusamy, Extreme points method and
univalent harmonic mappings; S. Reich and A. J. Zaslavski, A weak
ergodic theorem for infinite products of holomorphic mappings;
D. Stevenson and K. Zhu, Circle packing and interpolation in
Fock spaces; A. Vidras and A. Yger, Briançon-Skoda theorem for
a quotient ring; F. Vlacci, A survey on quasiconformal functions
with application to the case of functions of a hypercomplex variable;
A. Yefimushkin and V. Ryazanov, On the Riemann-Hilbert problem
for the Beltrami equations.

This book is co-published with Bar-Ilan University.

Contemporary Mathematics, Volume 667

June 2016, 316 pages, Softcover, ISBN: 978-1-4704-1703-1, LC

2015020099, 2010 Mathematics Subject Classification: 30-XX, 31-XX,

32-XX, 37-XX, 49-XX, 51-XX, 76-XX, AMS members US$86.40, List

US$108, Order code CONM/667

Advances in Non-
Archimedean
Analysis

Helge Glöckner, Universität
Paderborn, Germany, Alain
Escassut, Université Blaise Pascal,
Aubière, France, and Khodr
Shamseddine, University of
Manitoba, Winnipeg, Manitoba,
Canada, Editors

This volume contains the proceedings of the 13th International
Conference on p-adic Functional Analysis, held from August 12–16,
2014, at the University of Paderborn, Paderborn, Germany.

The articles included in this book feature recent developments
in various areas of non-Archimedean analysis, non-Archimedean
functional analysis, representation theory, number theory,
non-Archimedean dynamical systems and applications.

Through a combination of new research articles and survey
papers, this book provides the reader with an overview of current
developments and techniques in non-Archimedean analysis as well as
a broad knowledge of some of the sub-areas of this exciting and
fast-developing research area.

This item will also be of interest to those working in number theory.

Contents: J. Aguayo and M. Nova, Compact self-adjoint operators
on free Banach spaces of countable type; O. F. Casas-Sánchez,
J. Galeano-Peñaloza, and J. J. Rodríguez-Vega, Fundamental
solutions of pseudodifferential equations associated with quadratic
forms in even dimension; T. Diagana and F. Ramaroson, Spectral
theory for finite rank perturbations of unbounded diagonal operators
in non-Archimedean Hilbert space; B. Diarra and T. Mounkoro,
Ultrametric continuous linear representations of the compact groups
SL(2,Zp) and GL(2,Zp); A. Escassut and J. Ojeda, Survey on the
p-adic Hayman conjecture; H. Glöckner, Invariant manifolds for
finite-dimensional non-Archimedean dynamical systems; J. Ka̧kol
and A. Kubzdela, On non-Archimedean quantitative compactness
theorems; H. A. Keller, Large linear spaces of invertible operators on
a Banach space; A. Y. Khrennikov, K. Oleschko, and D. J. C. Correa
López, Applications of p-adic numbers: from physics to geology;
J. Lee, An alternative proof of the non-Archimedean Montel theorem
for polynomial dynamics; H. Maïga, New identities and congruences

for Euler numbers; H. Menken and A. Aşan, On some transcendental
values of the p-adic gamma function; H. M. Moreno, The implicit
function theorem on a fieldK with an infinite rank valuation; E. Nagel,
Fractional differentiability and unitarity on parabolic inductions;
H. Ochsenius, E. Olivos, and C. Perez-Garcia, Wim Schikhof: our
colleague and friend; A. Pulita, Solvability of rank one p-adic
differential and q-difference equations over the Amice ring; W. H.
Schikhof and E. Olivos, A note on Banach spaces over a rank 1
discretely valued field; K. Shamseddine and D. Flynn, Measure theory
and Lebesgue-like integration in two and three dimensions over the
Levi-Civita field; W. Śliwa and A. Ziemkowska, On complemented
subspaces of non-Archimedean generalized power series spaces.

Contemporary Mathematics, Volume 665

June 2016, 335 pages, Softcover, ISBN: 978-1-4704-1988-2, 2010

Mathematics Subject Classification: 46S10, 30G06, 32P05, 26E30,

30D35, 47L10, 22E35, 22E50, 37P05, 37P10, AMS members US$86.40,

List US$108, Order code CONM/665

Topics in Several
Complex Variables

Zair Ibragimov, California State
University, Fullerton, CA, Norman
Levenberg and Sergey Pinchuk,
Indiana University, Bloomington,
IN, and Azimbay Sadullaev,
National University of Uzbekistan,
Tashkent, Uzbekistan, Editors

This volume contains the proceedings of the Special Session
on Several Complex Variables, which was held during the first
USA-Uzbekistan Conference on Analysis and Mathematical Physics
from May 20–23, 2014, at California State University, Fullerton.

This volume covers a wide variety of topics in pluripotential theory,
symplectic geometry and almost complex structures, integral
formulas, holomorphic extension, and complex dynamics. In
particular, the reader will find articles on Lagrangian submanifolds
and rational convexity, multidimensional residues, S-parabolic Stein
manifolds, Segre varieties, and the theory of quasianalytic functions.

Contents: A. Aytuna and A. Sadullaev, Polynomials in parabolic
manifolds; A. Sukhov and A. Tumanov, Pseudoholomorphic
discs and symplectic structures in Hilbert space; Z. Ibragimov,
Pluripolarity of graphs of quasianalytic functions of several complex
variables; R. Shafikov and A. Sukhov, Lagrangian inclusion with
an open Whitney umbrella is rationally convex; A. M. Kytmanov
and O. V. Khodos, On systems of non-algebraic equations in Cn;
G. Khudayberganov, U. Rakhmonov, and Z. Matyakubov, Integral
formulas for some matrix domains; B. Abdullaev, Nevanlinna’s
characteristic functions with complex Hessian potential; D. K.
Djumabaev, Holomorphic continuation of functions in the
domains with singular boundaries; S. Pinchuk and K. Diederich,
Segre varieties and uniform estimates for harmonic functions;
S. Imomkulov and Z. Ibragimov, Uniqueness property for Gonchar
quasianalytic functions of several variables; K. Rakhimov, Capacity
dimension of the Perez-Marco set; B. I. Abdullaev, A. A. Atamuratov,
and M. D. Vaisova, Analogue of the Lelong’s theorem form −wsh
functions; A. Sadullaev, Pluriregular compacts inPn.

Contemporary Mathematics, Volume 662

April 2016, 156 pages, Softcover, ISBN: 978-1-4704-1927-1, LC

2015036660, 2010 Mathematics Subject Classification: 31C05, 32Q35,
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30F45, 32D15, 53D12, 32A15, 32U05, 32E20, 46A61, AMS members

US$86.40, List US$108, Order code CONM/662

Finite Frame Theory
A Complete Introduction to
Overcompleteness

Kasso A. Okoudjou, University of
Maryland, College Park, MD, Editor

Frames are overcomplete sets of vectors
that can be used to stably and faithfully
decompose and reconstruct vectors in
the underlying vector space. Frame theory
stands at the intersection of many areas
in mathematics such as functional and

harmonic analysis, numerical analysis, matrix theory, numerical linear
algebra, algebraic and differential geometry, probability, statistics,
and convex geometry. At the same time its applications in engineering,
medicine, computer science, and quantum computing are motivating
new research problems in applied and pure mathematics.

This volume is based on lectures delivered at the 2015 AMS
Short Course “Finite Frame Theory: A Complete Introduction to
Overcompleteness”, held January 8–9, 2015, in San Antonio, TX.

Mostly written in a tutorial style, the seven chapters contained in this
volume survey recent advances in the theory and applications of
finite frames. In particular, it presents state-of-the-art results on
foundational frame problems, and on the analysis and design of
various frames, mostly motivated by specific applications. Carefully
assembled, the volume quickly introduces the non-expert to the basic
tools and techniques of frame theory. It then moves to develop many
recent results in the area and presents some important applications.
As such, the volume is designed for a diverse audience including
researchers in applied and computational harmonic analysis, as well
as engineers and graduate students.

This item will also be of interest to those working in applications.

Contents: K. A. Okoudjou, Index; P. G. Casazza and R. G. Lynch, A
brief introduction to Hilbert space frame theory and its applications;
D. G. Mixon, Unit norm right frames in finite-dimensional spaces;
N. Strawn, Algebro-geometric techniques and geometric insights
for finite frames; K. A. Okoudjou, Preconditioning techniques in
frame theory and probabilistic frames; A. Dunkel, A. M. Powell,
A. H. Spaeth, and Ö Yılmaz, Quantization, finite frames, and error
diffusion; R. Balan, Frames and phaseless reconstruction; G. Chen
and D. Needell, Compressed sensing and dictionary learning.

Proceedings of Symposia in Applied Mathematics, Volume 73

July 2016, approximately 252 pages, Hardcover, ISBN: 978-1-4704-
2019-2, LC 2016002469, 2010 Mathematics Subject Classification:
15A29, 41A45, 42A10, 42C15, 47B99, 52A20, 52B11, 65H10, 90C26,
AMS members US$79.20, List US$99, Order code PSAPM/73

Functions with
Disconnected Spectrum
Sampling, Interpolation,
Translates

Alexander M. Olevskii, Tel Aviv
University, Israel, and Alexander
Ulanovskii, Stavanger University,
Norway

The classical sampling problem is to
reconstruct entire functions with given spectrum S from their values
on a discrete set L. From the geometric point of view, the possibility of
such reconstruction is equivalent to determining for which sets L the
exponential system with frequencies in L forms a frame in the space
L2(S). The book also treats the problem of interpolation of discrete
functions by analytic ones with spectrum in S and the problem of
completeness of discrete translates. The size and arithmetic structure
of both the spectrum S and the discrete set L play a crucial role in
these problems.

After an elementary introduction, the authors give a new presentation
of classical results due to Beurling, Kahane, and Landau. The main
part of the book focuses on recent progress in the area, such as
construction of universal sampling sets, high-dimensional and
non-analytic phenomena.

The reader will see how methods of harmonic and complex analysis
interplay with various important concepts in different areas, such as
Minkowski’s lattice, Kolmogorov’s width, and Meyer’s quasicrystals.

The book is addressed to graduate students and researchers
interested in analysis and its applications. Due to its many exercises,
mostly given with hints, the book could be useful for undergraduates.

Contents: Orthogonal bases and frames; Paley-Wiener and Bernstein
spaces; Beurling’s sampling theorem; Interpolation; Disconnected
spectrum; Universal sampling; Sampling bounds; Approximation
of discrete functions and size of spectrum; High-dimensional
phenomena; Unbounded spectra; Almost integer translates; Discrete
translates in Lp(R); Bibliography.

University Lecture Series, Volume 65

August 2016, approximately 143 pages, Softcover, ISBN: 978-1-4704-
2889-1, LC 2016011499, 2010 Mathematics Subject Classification:
41-XX, 42-XX, 94A12, 94A20, AMS members US$35.20, List US$44,
Order code ULECT/65
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Differential Equations

Carleman Estimates,
Observability
Inequalities and Null
Controllability for
Interior Degenerate
Nonsmooth Parabolic
Equations

Genni Fragnelli, University Bari
Aldo Moro, Italy, and Dimitri
Mugnai, University of Perugia, Italy

Contents: Introduction; Mathematical tools and preliminary results;
Carleman estimate for non degenerate parabolic problems with non
smooth coefficient; Carleman estimate for degenerate non smooth
parabolic problems; Observability inequalities and application to null
controllability; Linear and semilinear extensions; Final comments;
Rigorous derivation of Lemma 3.5; Bibliography.

Memoirs of the American Mathematical Society, Volume 242,
Number 1146

June 2016, 83 pages, Softcover, ISBN: 978-1-4704-1954-7, LC
2016011016, Individual member US$43.80, List US$73, Institutional
member US$58.40, Order code MEMO/242/1146

Differentiable
Dynamical Systems
An Introduction to Structural
Stability and Hyperbolicity

Lan Wen, Peking University, Beijing,
China

This is a graduate text in differentiable
dynamical systems. It focuses on structural
stability and hyperbolicity, a topic that is

central to the field. Starting with the basic concepts of dynamical
systems, analyzing the historic systems of the Smale horseshoe,
Anosov toral automorphisms, and the solenoid attractor, the book
develops the hyperbolic theory first for hyperbolic fixed points and
then for general hyperbolic sets. The problems of stable manifolds,
structural stability, and shadowing property are investigated, which
lead to a highlight of the book, theΩ-stability theorem of Smale.

While the content is rather standard, a key objective of the book is
to present a thorough treatment for some tough material that has
remained an obstacle to teaching and learning the subject matter. The
treatment is straightforward and hence could be particularly suitable
for self-study.

This book introduces the reader to some basic concepts of hyperbolic
theory of dynamical systems with emphasis on structural stability.
It is well written, the proofs are presented with great attention to
details, and every chapter ends with a good collection of exercises.
It is suitable for a semester-long course on the basics of dynamical
systems.

—Yakov Pesin, Penn State University

Lan Wen’s book is a thorough introduction to the “classical” theory
of (uniformly) hyperbolic dynamics, updated in light of progress
since Smale’s seminal 1967 Bulletin article. The exposition is aimed
at newcomers to the field and is clearly informed by the author’s
extensive experience teaching this material. A thorough discussion
of some canonical examples and basic technical results culminates
in the proof of the Omega-stability theorem and a discussion of
structural stability. A fine basic text for an introductory dynamical
systems course at the graduate level.

—Zbigniew Nitecki, Tufts University

This item will also be of interest to those working in analysis.

Contents: Basics of dynamical systems; Hyperbolic fixed points;
Horseshoes, toral automorphisms, and solenoids; Hyperbolic sets;
Axiom A, no-cycle condition, andΩ-stability; Quasi-hyperbolicity and
linear transversality; Bibliography; Index.

Graduate Studies in Mathematics, Volume 173

August 2016, approximately 199 pages, Hardcover, ISBN: 978-1-4704-
2799-3, LC 2016012111, 2010 Mathematics Subject Classification:
37Cxx, 37Dxx, 37Bxx, 34Cxx, 34Dxx, AMS members US$63.20, List
US$79, Order code GSM/173

Discrete Mathematics and
Combinatorics

Ramsey Theory for
Product Spaces

Pandelis Dodos, University of
Athens, Greece, and Vassilis
Kanellopoulos, National Technical
University of Athens, Greece

Ramsey theory is a dynamic area of
combinatorics that has various applications
in analysis, ergodic theory, logic, number
theory, probability theory, theoretical

computer science, and topological dynamics.

This book is devoted to one of the most important areas of Ramsey
theory—the Ramsey theory of product spaces. It is a culmination of a
series of recent breakthroughs by the two authors and their students
who were able to lift this theory to the infinite-dimensional case. The
book presents many major results and methods in the area, such as
Szemerédi’s regularity method, the hypergraph removal lemma, and
the density Hales–Jewett theorem.

This book addresses researchers in combinatorics but also working
mathematicians and advanced graduate students who are interested
in Ramsey theory. The prerequisites for reading this book are rather
minimal: it only requires familiarity, at the graduate level, with
probability theory and real analysis. Some familiarity with the basics
of Ramsey theory would be beneficial, though not necessary.

I think that this book has a good chance of becoming a classic on
density Ramsey theory at the level of the Graham–Rothschild–Spencer
book on basic Ramsey theory.

—Stevo Todorcevic, University of Toronto

The book by Dodos and Kanellopoulos is first-rate! It is timely, well
written, and has a great selection of topics.

—Ron Graham, University of California, San Diego
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Contents: Basic concepts; Coloring theory: Combinatorial spaces;
Strong subtrees; Variable words; Finite sets of words; Density theory:
Szemerédi’s regularity method; The removal lemma; The density
Hales–Jewett theorem; The density Carlson–Simpson theorem;
Appendices: Primitive recursive functions; Ramsey’s theorem; The
Baire property; Ultrafilters; Probabilistic background; Open problems;
Bibliography; Index.

Mathematical Surveys and Monographs, Volume 212

June 2016, 245 pages, Hardcover, ISBN: 978-1-4704-2808-2, LC

2015048413, 2010 Mathematics Subject Classification: 05D10; 05D05,

05D40, AMS members US$88, List US$110, Order code SURV/212

Polynomial Methods in
Combinatorics

Larry Guth, Massachusetts Institute
of Technology, Cambridge, MA

The subject is a beautiful one that has
seen contributions by many leading
mathematicians, including the author. The
applications of the polynomial method
covered in the book are quite wide-ranging,
and run from combinatorial geometry to
diophantine equations.

One particular feature of the book—and of the author’s writing more
generally—is the very inviting and discursive style, emphasising ideas
where possible. This is *not* a dry monograph.

—Ben Joseph Green, Oxford University

Some of the greatest advances in geometric combinatorics and
harmonic analysis in recent years have been accomplished using
the polynomial method. Larry Guth gives a readable and timely
exposition of this important topic, which is destined to influence a
variety of critical developments in combinatorics, harmonic analysis
and other areas for many years to come.

—Alex Iosevich, University of Rochester, author of “The Erdős
Distance Problem” and “A View from the Top”

It is extremely challenging to present a current (and still very active)
research area in a manner that a good mathematics undergraduate
would be able to grasp after a reasonable effort, but the author is
quite successful in this task, and this would be a book of value to both
undergraduates and graduates.

—Terence Tao, University of California, Los Angeles, author
of “An Epsilon of Room I, II” and “Hilbert’s Fifth Problem and
Related Topics”

This book explains some recent applications of the theory of
polynomials and algebraic geometry to combinatorics and other
areas of mathematics. One of the first results in this story is a short
elegant solution of the Kakeya problem for finite fields, which was
considered a deep and difficult problem in combinatorial geometry.
The author also discusses in detail various problems in incidence
geometry associated to Paul Erdős’s famous distinct distances
problem in the plane from the 1940s. The proof techniques are also
connected to error-correcting codes, Fourier analysis, number theory,
and differential geometry. Although the mathematics discussed in the
book is deep and far-reaching, it should be accessible to first- and
second-year graduate students and advanced undergraduates. The
book contains approximately 100 exercises that further the reader’s
understanding of the main themes of the book.

This item will also be of interest to those working in geometry and
topology.

Contents: Introduction; Fundamental examples of the polynomial
method; Why polynomials?; The polynomial method in
error-correcting codes; On polynomials and linear algebra in
combinatorics; The Bezout theorem; Incidence geometry; Incidence
geometry in three dimensions; Partial symmetries; Polynomial
partitioning; Combinatorial structure, algebraic structure, and
geometric structure; An incidence bound for lines in three
dimensions; Ruled surfaces and projection theory; The polynomial
method in differential geometry; Harmonic analysis and the Kakeya
problem; The polynomial method in number theory; Bibliography.

University Lecture Series, Volume 64

July 2016, 273 pages, Softcover, ISBN: 978-1-4704-2890-7, LC
2016007729, 2010 Mathematics Subject Classification: 05D99, AMS

members US$38.40, List US$48, Order code ULECT/64

General Interest

Gallery of the Infinite

Richard Evan Schwartz, Brown
University, Providence, RI

The Gallery of the Infinite is a
mathematician’s unique view of the
infinitely many sizes of infinity. Written in
a playful yet informative style, it introduces
important concepts from set theory
(including the Cantor Diagonalization
Method and the Cantor-Bernstein Theorem)

using colorful pictures, with little text and almost no formulas. It
requires no specialized background and is suitable for anyone with an
interest in the infinite, from advanced middle-school students to
inquisitive adults.

This item will also be of interest to those working in logic and
foundations.

July 2016, 187 pages, Softcover, ISBN: 978-1-4704-2557-9, LC
2015033426, 2010 Mathematics Subject Classification: 00A06, 00A30,
00A66, 00A09, 03E99, AMS members US$23.20, List US$29, Order
code MBK/97
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Math Education

Geometry in Problems

Alexander Shen, Institute
of Problems of Information
Transmission, Moscow, Russia,
and LIRMM CNRS, Université de
Montpellier, France

Classical Euclidean geometry, with all its
triangles, circles, and inscribed angles,
remains an excellent playground for
high-school mathematics students, even if

it looks outdated from the professional mathematician’s viewpoint. It
provides an excellent choice of elegant and natural problems that can
be used in a course based on problem solving.

The book contains more than 750 (mostly) easy but nontrivial
problems in all areas of plane geometry and solutions for most of
them, as well as additional problems for self-study (some with hints).
Each chapter also provides concise reminders of basic notions used in
the chapter, so the book is almost self-contained (although a good
textbook and competent teacher are always recommended). More
than 450 figures illustrate the problems and their solutions.

The book can be used by motivated high-school students, as well as
their teachers and parents. After solving the problems in the book the
student will have mastered the main notions and methods of plane
geometry and, hopefully, will have had fun in the process.

In the interest of fostering a greater awareness and appreciation of
mathematics and its connections to other disciplines and everyday
life, MSRI and the AMS are publishing books in the Mathematical
Circles Library series as a service to young people, their parents and
teachers, and the mathematics profession.

What a joy! Shen’s “Geometry in Problems” is a gift to the school
teaching world. Beautifully organized by content topic, Shen
has collated a vast collection of fresh, innovative, and highly
classroom-relevant questions, problems, and challenges sure to
enliven the minds and clever thinking of all those studying Euclidean
geometry for the first time.

This book is a spectacular resource for educators and students alike.
Users will not only sharpen their mathematical understanding of
specific topics but will also sharpen their problem-solving wits and
come to truly own the mathematics explored. Also, Math Circle
leaders can draw much inspiration for session ideas from the
material presented in this book.

—James Tanton, Mathematician-at-Large, Mathematical
Association of America

We learn mathematics best by doing mathematics. The author of this
book recognizes this principle. He invites the reader to participate in
learning plane geometry through carefully chosen problems, with
brief explanations leading to much activity. The problems in the book
are sometimes deep and subtle: almost everyone can do some of
them, and almost no one can do all. The reader comes away with a
view of geometry refreshed by experience.

—Mark Saul, Director of Competitions, Mathematical Association
of America

Titles in this series are co-published with the Mathematical Sciences
Research Institute (MSRI).

Contents: Measuring line segments; Measuring angles; The triangle
inequality; Congruent figures; Triangle congruence tests; Isosceles
triangles; Circle; Straightedge and compass constructions; Parallel
lines; Right triangles; Parallelograms; Rectangle, rhombus, square;
Graph paper; Equilateral triangles; Midsegment of a triangle; Intercept
theorem; Trapezoid; Simple inequalities; Reflection symmetry;
Central symmetry; Angles in a circle; Tangents; Two circles;
Circumscribed circle and perpendicular bisectors; Inscribed circle
(incircle). Bisectors; Inscribed and circumscribed quadrilaterals;
Area; The Pythagorean Theorem; Similarity; Coordinates on a line;
Coordinates on a plane; Common measure; Trigonometry; Afterword.

MSRI Mathematical Circles Library, Volume 18

July 2016, 214 pages, Softcover, ISBN: 978-1-4704-1921-9, LC

2015049318, 2010 Mathematics Subject Classification: 51-01; 51M04,

AMS members US$20, List US$25, Order code MCL/18

Teaching School
Mathematics: From
Pre-Algebra to Algebra

Hung-Hsi Wu, University of
California, Berkeley, CA

This two-volume set includes a systematic
exposition of a major part of the
mathematics of grades 5–9 (excluding
statistics) written specifically for Common
Core era teachers.

Each volume in the set is sold separately. For information about each
volume, see the New Publication entries that follow.

Set: August 2016, approximately 667 pages, Hardcover, ISBN: 978-1-

4704-3000-9, 2010 Mathematics Subject Classification: 97-01, 00-01,

97F40, 97F80, 97K50, 97G50, 97G40, 97G30, 97H20, 97G70, 97H30,

AMS members US$72, List US$90, Order code MBK/98/99

Teaching School
Mathematics:
Pre-Algebra

Hung-Hsi Wu, University of
California, Berkeley, CA

This is a systematic exposition of a major
part of the mathematics of grades 5 to 8
(excluding statistics), written specifically
for Common Core era teachers. It differs
from other books for teachers in that the

mathematics is correct, in the sense that all the concepts are clearly
and correctly defined, and a grade-appropriate explanation (that is,
proof) is given for every assertion. For example, it gives a precise
definition of percent and explains how to use the definition to do all
the standard problems about percent in an entirely routine manner. It
also gives a leisurely explanation for “negative times negative is
positive”. Another key feature is an intuitive introduction to plane
geometry via rotations, translations, reflections, and dilations that,
instead of treating these transformations as merely fun activities,
shows how they make sense of the usual geometric topics in middle
school, including congruence, similarity, length, area, and volume.
In short, the readers will find in this volume a clear explanation of
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whatever was once puzzling to them in the mathematics of grades 5
to 8.

Contents: Fractions; Rational numbers; The Euclidean algorithm;
Experimental geometry; Length, area, and volume; Bibliography.

July 2016, 383 pages, Hardcover, ISBN: 978-1-4704-2720-7, LC
2016000117, 2010 Mathematics Subject Classification: 97-01, 00-
01, 97F40, 97F80, 97K50, 97G50, 97G40, 97G30, AMS members

US$47.20, List US$59, Order code MBK/98

Teaching School
Mathematics: Algebra

Hung-Hsi Wu, University of
California, Berkeley, CA

This is a systematic exposition of
introductory school algebra written
specifically for Common Core era teachers.
The emphasis of the exposition is to
give a mathematically correct treatment
of introductory algebra. For example,

it explains the proper use of symbols, why “variable” is not a
mathematical concept, what an equation is, what equation-solving
means, how to define the slope of a line correctly, why the graph of a
linear equation in two variables is a straight line, why every straight
line is the graph of a linear equation in two variables, how to use the
shape of the graph of a quadratic function as a guide for the study of
quadratic functions, how to define a parabola correctly, why the graph
of a quadratic function is a parabola, why all parabolas are similar, etc.
This exposition of algebra makes full use of the geometric concepts of
congruence and similarity, and it justifies why the Common Core
Standards on algebra are written the way they are.

Contents: Symbolic expressions; Translation of verbal information
into symbols; Linear equations in one variable; Linear equations in two
variables and their graphs; Simultaneous linear equations; Functions
and their graphs; Linear functions and proportional reasoning; Linear
inequalities and their graphs; Exponents; Quadratic functions and
their graphs; Appendix: Facts from [Wu-PreAlg]; Bibliography.

August 2016, approximately 284 pages, Hardcover, ISBN: 978-1-4704-
2721-4, LC 2016000118, 2010 Mathematics Subject Classification:
97-01, 00-01, 97H20, 97G70, 97H30, 97F80, AMS members US$47.20,
List US$59, Order code MBK/99

Mathematical Physics

String-Math 2014

Vincent Bouchard and Charles
Doran, University of Alberta,
Edmonton, Alberta, Canada,
Stefan Méndez-Diez, Utah State
University, Logan, UT, and Callum
Quigley, University of Toronto,
Ontario, Canada, Editors

The conference String-Math 2014 was held
from June 9–13, 2014, at the University of

Alberta. This edition of String-Math is the first to include satellite
workshops: “String-Math Summer School” (held from June 2–6, 2014,
at the University of British Columbia), “Calabi-Yau Manifolds and their
Moduli” (held from June 14–18, 2014, at the University of Alberta),
and “Quantum Curves and Quantum Knot Invariants” (held from June
16–20, 2014, at the Banff International Research Station). This volume
presents the proceedings of the conference and satellite workshops.

For mathematics, string theory has been a source of many significant
inspirations, ranging from Seiberg-Witten theory in four-manifolds,
to enumerative geometry and Gromov-Witten theory in algebraic
geometry, to work on the Jones polynomial in knot theory, to recent
progress in the geometric Langlands program and the development
of derived algebraic geometry and n-category theory. In the other
direction, mathematics has provided physicists with powerful tools,
ranging from powerful differential geometric techniques for solving
or analyzing key partial differential equations, to toric geometry,
to K-theory and derived categories in D-branes, to the analysis of
Calabi-Yau manifolds and string compactifications, to modular forms
and other arithmetic techniques. Articles in this book address many
of these topics.

Contents: B. Fang, C.-C. M. Liu, and Z. Zong, All genus mirror
symmetry for toric Calabi-Yau 3-orbifolds; J. Fuchs and
C. Schweigert, Symmetries and defects in three-dimensional
tpological field theory; P. Norbury, Quantum curves and topological
recursion; E. Sharpe, A few recent developments in 2d (2,2) and
(0,2) theories; A. Balasubramanian, Codimension two defects and
the Springer correspondence; T. Creutzig, Y. Hikida, and P. B.
Rønne, Higher spin AdS3 holography and superstring theory;
C. F. Doran, A. Harder, H. Movasati, and U. Whitcher, Humbert
surfaces and the moduli of lattice polarized K3 surfaces; R. Eager,
Superconformal field theories and cyclic homology; F. F. Ruffino,
Differential K-characters and D-branes; I. Gahramanov and
H. Rosengren, Integral pentagon relations for 3d superconformal
indices; H. Mori and S. Yamaguchi, Wilson surfaces in 6D
(2,0) theory and AdS7/CFT6; J. Nicaise, D. P. Overholser, and
H. Ruddat, Motivic zeta functions of the quartic and its mirror
dual; A. H. W. Schmitt, Semistability and instability in products and
applications; M. van Garrel, Local and relative BPS state counts for
del Pezzo surfaces; M. Vonk, Resurgence and topological strings;
T. Yildirim, Chern-simons splitting of 2 + 1D gauge theories;
H. J. Nuer and P. Devlin, A strange family of Calabi-Yau 3-folds;
C. F. Doran, A. Harder, A. Y. Novoseltsev, and A. Thompson,
Calabi-Yau threefolds fibred by Kummer surfaces associated to
products of elliptic curves; J. Harnad, Weighted Hurwitz numbers
and hypergeometric τ-functions: An overview; A. Kanazawa,
Calabi-Yau threefolds with infinite fundamental group; J. Murakami,
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Logarithmic invariants of links; M. R. Rahmati, Positivity of Hochster
theta overC; B. Szendrői, Cohomological Donaldson-Thomas theory.

Proceedings of Symposia in Pure Mathematics, Volume 93

July 2016, 396 pages, Hardcover, ISBN: 978-1-4704-1992-9, LC
2015045551, 2010 Mathematics Subject Classification: 14-XX, 18-XX,
19-XX, 22-XX, 53-XX, 58-XX, 81-XX, 81Txx, 83Exx, 83E30, AMS

members US$96, List US$120, Order code PSPUM/93

Number Theory

Frobenius Distributions:
Lang-Trotter and
Sato-Tate Conjectures

David Kohel, Aix Marseille
Université, France, and Igor
Shparlinski, University of New
South Wales, Sydney, Australia,
Editors

This volume contains the proceedings of
the Winter School and Workshop on Frobenius Distributions on
Curves, held from February 17–21, 2014 and February 24–28, 2014, at
the Centre International de Rencontres Mathématiques, Marseille,
France.

This volume gives a representative sample of current research
and developments in the rapidly developing areas of Frobenius
distributions. This is mostly driven by two famous conjectures: the
Sato-Tate conjecture, which has been recently proved for elliptic
curves by L. Clozel, M. Harris and R. Taylor, and the Lang-Trotter
conjecture, which is still widely open. Investigations in this area
are based on a fine mix of algebraic, analytic and computational
techniques, and the papers contained in this volume give a balanced
picture of these approaches.

This item will also be of interest to those working in algebra and
algebraic geometry.

Contents: J-P. Serre, Lettre à Armand Borel; G. Banaszak and
K. S. Kedlaya, Motivic Serre group, algebraic Sato-Tate group and
Sato-Tate conjecture; A. Bucur and K. S. Kedlaya, An application of
the effective Sato-Tate conjecture; F. Fité, K. S. Kedlaya, and A. V.
Sutherland, Sato-Tate groups of some weight 3 motives; F. Fité and
A. V. Sutherland, Sato-Tate groups of y2 = x8 + c and y2 = x7 − cx;
D. Harvey and A. V. Sutherland, Computing Hasse-Witt matrices
of hyperelliptic curves in average polynomial time, II; E. W. Howe,
Quickly constructing curves of genus 4 with many points; K. James,
Variants of the Sato-Tate and Lang-Trotter conjectures; G. Lachaud,
On the distribution of the trace in the unitary symplectic group and
the distribution of Frobenius; B. Mackall, S. J. Miller, C. Rapti, and
K. Winsor, Lower-order biases in elliptic curve Fourier coefficients in
families.

Contemporary Mathematics, Volume 663

April 2016, 238 pages, Softcover, ISBN: 978-1-4704-1947-9, LC
2015037188, 2010 Mathematics Subject Classification: 11G05, 11G10,
11G20, 11G25, 11G35, 11M50, 11N05, 11R44, 14G10, 14G25, AMS

members US$86.40, List US$108, Order code CONM/663

Probability and Statistics

Combinatorics and
Random Matrix Theory

Jinho Baik, University of Michigan,
Ann Arbor, MI, Percy Deift,
Courant Institute, New York
University, NY, and Toufic Suidan

Over the last fifteen years a variety of
problems in combinatorics have been
solved in terms of random matrix theory.
More precisely, the situation is as follows:

the problems at hand are probabilistic in nature and, in an appropriate
scaling limit, it turns out that certain key quantities associated with
these problems behave statistically like the eigenvalues of a (large)
random matrix. Said differently, random matrix theory provides a
“stochastic special function theory” for a broad and growing class of
problems in combinatorics. The goal of this book is to analyze in
detail two key examples of this phenomenon, viz., Ulam’s problem for
increasing subsequences of random permutations and domino tilings
of the Aztec diamond. Other examples are also described along the
way, but in less detail.

Techniques from many different areas in mathematics are needed
to analyze these problems. These areas include combinatorics,
probability theory, functional analysis, complex analysis, and the
theory of integrable systems. The book is self-contained, and along
the way we develop enough of the theory we need from each area that
a general reader with, say, two or three years experience in graduate
school can learn the subject directly from the text.

This item will also be of interest to those working in discrete
mathematics and combinatorics.

Contents: Introduction; Poissonization and de-Poissonization;
Permutations and Young tableaux; Bounds of the expected value of
`N ; Orthogonal polynomials, Riemann-Hilbert problems, and Toeplitz
matrices; Random matrix theory; Toeplitz determinant formula;
Fredholm determinant formula; Asymptotic results; Schur measure
and directed last passage percolation; Determinantal point processes;
Tiling of the Aztec diamond; The Dyson process and Brownian Dyson
process; Theory of trace class operators and Fredholm determinants;
Steepest-descent method for the asymptotic evaluation of integrals in
the complex plane; Basic results of stochastic calculus; Bibliography;
Index.

Graduate Studies in Mathematics, Volume 172

July 2016, approximately 459 pages, Hardcover, ISBN: 978-0-8218-
4841-8, LC 2015051274, 2010 Mathematics Subject Classification:
05A15, 15B52, 33E17, 35Q15, 41A60, 47B35, 52C20, 60B20, 60K35,
82C23, AMS members US$71.20, List US$89, Order code GSM/172

June/July 2016 Notices of the AMS 695

http://www.ams.org/bookstore-getitem/item=conm-663
http://www.ams.org/bookstore-getitem/item=conm-663
http://www.ams.org/bookstore-getitem/item=conm-663
http://www.ams.org/bookstore-getitem/item=conm-663
http://www.ams.org/bookstore-getitem/item=gsm-172
http://www.ams.org/bookstore-getitem/item=gsm-172
http://www.ams.org/bookstore-getitem/item=gsm-172


New AMS-Distributed Publications

New AMS-Distributed
Publications

Algebra and Algebraic Geometry

Integral Geometry from
Buffon to Geometers
of Today

Rémi Langevin, Université
Bourgogne Franche-Comté, Dijon,
France

For more than two centuries, integral geometry, also called the
theory of geometric probabilities, has followed the development of
probability, measure theory and geometry.

The first chapter recalls historical results: Buffon’s needle and
Bertand’s paradoxes.

Chapters 2 to 7 and 10 present the basic notions and methods: slice
using all affine lines or planes, project on all affine lines and planes,
and average. The method is applied to curves inR2 orR3 and surfaces
in R3. In fact results in dimensions 2 and 3 extend easily to higher
dimensions and to space-forms. The last section of Chapters 7, 8, and
9 are devoted to statements of the form “topology implies some
lower bound on the total curvature”. Again the objects are curves or
surfaces contained inR3.

Integral geometry in spheres, Lorentz space of dimension 3 or
hyperbolic space H3 are the topics of Chapters 11, 13, 15 and 16.
Chapter 12 deals with integral geometry of foliations of a domain of
R3 or of S3.

The compacity of Grassmann manifolds was essential to obtain
formulas of Euclidean integral geometry inR3 or of S3. The situation
changes drastically when dealing with extrinsic conformal geometry
of curves or foliations in S3 orR3. This is the topic of Chapters 17 and
18.

Chapter 19 is an isolated point of the book. Its goal is to understand
the geometry of the levels of a complex polynomial of two variables
near an isolated singular point. An appendix briefly presents some
notions used in the book.

Pictures are an essential part of the book and often contain the main
ideas of the proofs.

This item will also be of interest to those working in analysis.

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.

Cours Spécialisés—Collection SMF, Number 23

March 2016, 284 pages, Hardcover, ISBN: 978-2-85629-822-0, 2010

Mathematics Subject Classification: 14H20, 32S55, 52A22, 53A30,

53C12, 53C42, 53C45, 53C50, 53C56, AMS members US$72, List

US$90, Order code COSP/23

Analysis

The Dynamics of
Generic Kuperberg
Flows

Steven Hurder, University
of Illinois at Chicago, and
Ana Rechtman, Université de
Strasbourg, France

In this work, the authors study the
dynamical properties of Krystyna

Kuperberg’s aperiodic flows on 3-manifolds. They introduce the
notion of a “zippered lamination” and with suitable generic
hypotheses, show that the unique minimal set for such a flow is
an invariant zippered lamination. The authors obtain a precise
description of the topological and dynamical properties of the
minimal set, including the presence of non-zero entropy-type
invariants and chaotic behavior. Moreover, they show that the minimal
set does not have stable shape, yet it satisfies the Mittag-Leffler
condition for homology groups.

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.

Astérisque, Number 377

February 2016, 250 pages, Softcover, ISBN: 978-2-85629-831-2, 2010

Mathematics Subject Classification: 37C10, 37C70, 37B45, 55P55,

AMS members US$60, List US$75, Order code AST/377

Measure and Integration

Dietmar A. Salamon, ETH Zurich,
Switzerland

The book is intended as a companion
to a one-semester introductory lecture
course on measure and integration. After
an introduction to abstract measure theory,
it proceeds to the construction of the
Lebesgue measure and of Borel measures
on locally compact Hausdorff spaces,
Lp spaces and their dual spaces, and

elementary Hilbert space theory.

Special features include the formulation of the Riesz representation
theorem in terms of both inner and outer regularity, the proofs of the
Marcinkiewicz interpolation theorem, and the Calderon–Zygmund
inequality as applications of Fubini’s theorem and Lebesgue
differentiation, the treatment of the generalized Radon–Nikodym
theorem due to Fremlin, and the existence proof for Haar measures.
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Three appendices deal with Urysohn’s Lemma, product topologies,
and the inverse function theorem.

The book assumes familiarity with first-year analysis and linear
algebra. It is suitable for second-year undergraduate students of
mathematics or anyone seeking an introduction to the concepts of
measure and integration.

This item will also be of interest to those working in differential
equations.

A publication of the European Mathematical Society (EMS). Distributed
within the Americas by the American Mathematical Society.

EMS Textbooks in Mathematics, Volume 18

March 2016, 363 pages, Hardcover, ISBN: 978-3-03719-159-0, 2010
Mathematics Subject Classification: 28-01; 28C05, 28C10, 28C15,
35J05, 43A05, 44A35, 46B22, 46C05, 46E27, 46E30, AMS members

US$46.40, List US$58, Order code EMSTEXT/18

Differential Equations

Functional Calculus for
First Order Systems
of Dirac Type and
Boundary Value
Problems

Pascal Auscher and Sebastian
Stahlhut, Université Paris-Sud,
Orsay, France

It was shown recently that solutions of boundary value problems for
some second order elliptic equations (or systems) in divergence form
with measurable coefficients can be constructed from solutions of
generalised Cauchy-Riemann systems, in the spirit of what can be
done for the Laplace equation. This involves a first order bisectorial
operator of Dirac type on the boundary whose bounded holomorphic
functional calculus on L2 is proved by techniques from the solution of
the Kato problem, and the system can henceforth be solved by a
semigroup for L2 data in a spectral space.

This memoir investigates the properties of this semigroup and, more
generally, of the functional calculus on other spaces: Lp for p near 2
and adapted Hardy spaces otherwise. This yields non-tangential
maximal functions estimates and Lusin area estimates for solutions
of the boundary value problems.

This item will also be of interest to those working in analysis.

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.

Mémoires de la Société Mathématique de France, Number 144

January 2016, 164 pages, Softcover, ISBN: 978-2-85629-829-9, 2010
Mathematics Subject Classification: 35J25, 35J57, 35J46, 35J47, 42B25,
42B30, 42B35, 47D06, AMS members US$48, List US$60, Order code
SMFMEM/144

Autour des Schémas en
Groupes, École d’été
“Schémas en Groupes”
Group Schemes, A
Celebration of SGA3,
Volume II

Baptiste Calmès, Université
d’Artois, France, Pierre-Henri
Chaudouard, Université Paris 7,
France, Brian Conrad, Stanford
University, CA, Cyril Demarche,
Sorbonne Universités, Paris, France,
and Jean Fasel, Ludwig Maximiian
Universität, Munich, Germany
Edited by B. Edixhoven, Ph. Gille,
P. Polo, and G. Prasad.

This volume contains the second part of the proceedings of the
summer school “Group Schemes, Introduction to the SGA3 Seminar of
Demazure-Grothendieck”, which was held at the Centre International
de Rencontres Mathématiques (CIRM) at Luminy in September 2011.
This summer school was devoted to the theory of group schemes
and especially of reductive group schemes. This second part mainly
consists of expanded versions of talks given, some of which contain
new results on group schemes.

This item will also be of interest to those working in analysis.

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.

Panoramas et Synthèses, Number 46

March 2016, 292 pages, Softcover, ISBN: 978-2-85629-819-0, 2010
Mathematics Subject Classification: 35J25, 35J57, 35J46, 35J47, 42B25,
42B30, 42B35, 47D06, AMS members US$67.20, List US$84, Order
code PASY/46
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Autour des Schémas en
Groupes, École d’été
“Schémas en Groupes”
Group Schemes, A
Celebration of SGA3,
Volume III

Michel Demazure, Bas Edixhoven,
Universiteit Leiden, The
Netherlands, Philippe Gille,
Université Claude Bernard Lyon 1,
Villeurbanne, France, and Simion
Stoilow de l’Académie Roumaine,
Bucarest, Romania, Wilberd van
der Kallen, Universiteit Utrecht,
The Netherlands, Ting-Yu Lee,
Ecole Normal Supérieure, Paris,
France, Simon Pepin Lehalleur,
Universität Zürich, Switzerland,
Matthieu Romagny, Université
de Rennes 1, France, Jilong Tong,
Université de Bordeaux, Talence,
France, and Jiu-Kang Yu, Chinese
University of Hong Kong, Shatin,
Hong Kong
Edited by B. Edixhoven, Ph. Gille,
P. Polo, and G. Prasad.

This volume contains the third part of the proceedings of the summer
school “Group Schemes, Introduction to the SGA3 Seminar of
Demazure-Grothendieck”, which was held at the Centre International
de Rencontres Mathématiques (CIRM) at Luminy in September 2011.
This summer school was devoted to the theory of group schemes and
especially of reductive group schemes. Like the second part, this third
part mainly consists of expanded versions of talks given, some of
which contain new results on group schemes.

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.

Panoramas et Synthèses, Number 47

March 2016, 258 pages, Softcover, ISBN: 978-2-85629-820-6, 2010
Mathematics Subject Classification: 35J25, 35J57, 35J46, 35J47, 42B25,
42B30, 42B35, 47D06, AMS members US$67.20, List US$84, Order
code PASY/47

Math Education

Bright, Brave, Open
Minds
Engaging Young Children in
Math Inquiry

Julia Brodsky

It is a commonplace of teaching that you
first try to teach the way you were taught.
And so people pioneering math circles or
informal learning situations often start out

in the wrong direction, trying to apply to these situations the teaching
methodologies that they experienced in formal classrooms.

Julia Brodsky does a wonderful job describing other ways to teach.
And maybe “teach” is the wrong verb: other ways to guide students
in learning from and enjoying mathematics. The mathematical
examples are tailored to encourage children’s exploration.

– Mark Saul, Director, Center for Mathematical Talent, Courant
Institute, NYU

… What I loved about this book is that it gave me a chance to impart
so much more than information to my children—I soon understood
that the underlying purpose was not necessarily mastery of facts, but
an opportunity to teach them how to think, that it is acceptable to
be wrong, and that sometimes there is more than one answer to a
problem.

– Angela Harris, owner of GatheringInk, co-founder of Mosaic
Freeschool, journalist and a homeschooling mom

The book is a treasure trove for home-schoolers, math-club
facilitators, and—wishful thinking!—mathematics teachers galore,
at large, anywhere and everywhere. Studded with wisdom of
the pedagogical ages, and framed by a coherent-cum-practical
educational vision that could come only from a deeply reflective and
exhaustively experienced practitioner in the studio and field—one
who has fielded all the “what should we dos,” “what ifs,” and
“buts”— Brodsky presents a compendium of charming, accessible,
just-add-water activities, in which less is more, delight trumps drill,
and engagement, empowerment, and exuberance prevail. As one
who has hesitated and fumbled at hosting math clubs, I cannot wait
to … as the proverbial edict goes … “try this at home.”

– Dor Abrahamson, Associate Professor of Cognition and
Development, University of California at Berkeley

This book aims to introduce beginning problem solving skills to both
children and the adults who teach them. The solving of a challenging
problem takes time and creativity. The goal is to guide all math circle
participants, students, and teachers to welcome the time it takes to
arrive at a solution.

The purpose of this book is to invite parents and teachers to
experiment with their own children or students, without any
preconceived notions of how the outcome will look. Instead, the book
allows personal taste and the children’s feedback to guide them.

This item will also be of interest to those working in general interest.

A publication of Delta Stream Media, an imprint of Natural Math.
Distributed in North America by the American Mathematical Society.

Contents: Foreword; My math circle values; Secrets of the trade;
Topics; Introduction to thinking; Strange statements; Tiling puzzles;
Infinity; Symmetry; Lateral thinking; Festival; Some advice for parents;
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Grown-up participants; Appendix A: Debate rules; Appendix B: Stuck?;
Appendix C: Parent Bingo (by Natural Math); Appendix D: Resources;
Extra resources per topic; Summary.

Natural Math Series, Volume 5

August 2015, 119 pages, Softcover, ISBN: 978-0-9776939-8-6, AMS

members US$12, List US$15, Order code NMATH/5

Socks Are Like Pants,
Cats Are Like Dogs
Games, Puzzles & Activities
for Choosing, Identifying &
Sorting Math!

Malke Rosenfeld and Gordon
Hamilton

This is a beautiful book of ideas for families
to play with. Malke and Gordon invite us

to explore the space between children’s lived experiences and some
sophisticated mathematical questions. “Socks Are Like Pants” is
required reading—and playing—for all those who are concerned
with the development of young minds.

– Christopher Danielson, author of “Talking Math with Your
Kids”

Opening up this book, I was thrilled to see colorful, truly fun, and
challenging math activities for my family and students. Math is so
enjoyable when it is creative and silly and feels like real play. The
games and activities in this book are just that—playful, but in a way
that also teaches children to explain their thinking. When I need a
math activity for class or a game to bring my family together, I’ll be
returning to this book again and again!

– Shelley Nash, homeschool mom to seven kids, Owner and Math
mentor at MonarchWebwork.com

Mathematical thinking and calculating are two different things.
Of the two, the former skill is far more important to develop
than the latter, especially today, when electronic calculators and
computers are everywhere. Young children, who may know nothing
of calculating, can be remarkably good at mathematical thinking.
They do it naturally in their play. The puzzles in this book are meant
to be approached playfully, and they help children build upon their
natural capacities for mathematical thought.

– Peter Gray, Research Professor, Boston College, and author of
“Free to Learn: Why Releasing the Instinct to Play Will Make Our
Children Happier, More Self-Reliant, and Better Students for Life”

This book is filled with a diverse collection of math games, puzzles,
and activities exploring the mathematics of choosing, identifying
and sorting. Teachers and parents have tested all activities in real
classrooms and living rooms. The activities are easy to start and
require little preparation.

This item will also be of interest to those working in general interest.

A publication of Delta Stream Media, an imprint of Natural Math.
Distributed in North America by the American Mathematical Society.

Contents: Introduction; Master list of keywords; Note to the curious;
This is like that; Beading patterns; Beetle sort; All the same! Making
paper pizzas; Dancing variables; Venn diagrams; Geometric grid
designs; Create your own matching game; Name connection.

Natural Math Series, Volume 4

January 2016, 84 pages, Softcover, ISBN: 978-0-9776939-0-0, AMS

members US$12, List US$15, Order code NMATH/4

Mathematical Physics

Ground State Energy of
the Magnetic Laplacian
on Corner Domains

Virginie Bonnaillie-Noël, PSL
Research University, Paris, France,
Monique Dauge, Université de
Rennes 1, France, and Nicolas
Popoff, Université de Bordeaux,
Talence, France

The asymptotic behavior of the first eigenvalue of a magnetic
Laplacian in the strong field limit and with the Neumann realization in
a smooth domain is characterized for dimensions 2 and 3 by model
problems inside the domain or on its boundary. In dimension 2, for
polygonal domains, a new set of model problems on sectors has to be
taken into account.

In this work, the authors consider the class of general corner
domains. In dimension 3, they include as particular cases polyhedra
and axisymmetric cones. The authors attach model problems
not only to each point of the closure of the domain but also to
a hierarchy of “tangent substructures” associated with singular
chains. They investigate spectral properties of these model problems,
namely semicontinuity and the existence of bounded generalized
eigenfunctions, and prove estimates for the remainders of their
asymptotic formula.

Lower bounds are obtained with the help of an IMS type partition
based on adequate two-scale coverings of the corner domain, whereas
upper bounds are established by a novel construction of quasimodes,
qualified as sitting or sliding according to spectral properties of
local model problems. A part of the authors’ analysis extends to any
dimension.

This item will also be of interest to those working in differential
equations.

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.

Mémoires de la Société Mathématique de France, Number 145

March 2016, 138 pages, Softcover, ISBN: 978-2-85629-830-5, 2010
Mathematics Subject Classification: 81Q10, 35J10, 35P15, 47F05, AMS

members US$41.60, List US$52, Order code SMFMEM/145
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Number Theory

Integral Points on
Algebraic Varieties
An Introduction to
Diophantine Geometry

Pietro Corvaja, Università degli
Studi di Udine, Italy

This book is intended to be an introduction
to Diophantine geometry. The central
theme is the investigation of the

distribution of integral points on algebraic varieties.

The text rapidly introduces problems in Diophantine geometry,
especially those involving integral points, assuming a geometrical
perspective. It presents recent results not available in textbooks and
also new viewpoints on classical material.

In some instances, proofs have been replaced by a detailed analysis
of particular cases. Readers are referred to the quoted papers for
complete proofs.

Siegel’s finiteness theorem for integral points on curves plays a
central role. The book ends with the analysis of integral points on
surfaces.

This item will also be of interest to those working in algebra and
algebraic geometry.

A publication of Hindustan Book Agency; distributed within the
Americas by the American Mathematical Society. Maximum discount
of 20% for all commercial channels.

Hindustan Book Agency

March 2016, 84 pages, Softcover, ISBN: 978-93-80250-83-0, 2010
Mathematics Subject Classification: 11G35; 11J25, 14G25, AMS

members US$22.40, List US$28, Order code HIN/71

Hilbert’s Seventh
Problem
Solutions and Extensions

Robert Tubbs, University of
Colorado, Boulder, CO

This exposition is primarily a survey of
the elementary yet subtle innovations of
several mathematicians between 1929 and
1934 that led to partial and then complete

solutions to Hilbert’s Seventh Problem (from the International
Congress of Mathematicians in Paris, 1900).

This volume is suitable for both mathematics students wishing to
experience how different mathematical ideas can come together to
establish results and for research mathematicians interested in the
fascinating progression of mathematical ideas that solved Hilbert’s
problem and established a modern theory of transcendental numbers.

A publication of Hindustan Book Agency; distributed within the
Americas by the American Mathematical Society. Maximum discount
of 20% for all commercial channels.

Hindustan Book Agency

March 2016, 94 pages, Softcover, ISBN: 978-93-80250-82-3, 2010
Mathematics Subject Classification: 01A60, 11J81, AMS members

US$22.40, List US$28, Order code HIN/72
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MATHEMATICS CALENDAR

This section contains new announcements of worldwidemeet-
ings and conferences of interest to the mathematical public,
including ad hoc, local, or regional meetings, and meetings
and symposia devoted to specialized topics, as well as an-
nouncements of regularly scheduledmeetings of national or
international mathematical organizations. New announce-
ments only are published in the print Mathematics Calendar
featured in each Notices issue.
Anannouncementwill be published in theNotices if it contains
a call for papers and specifies the place, date, subject (when
applicable). A second announcement will be published only
if there are changes or necessary additional information. As-
terisks (*) mark those announcements containing revised
information.
In general, print announcements of meetings and con-
ferences carry only the date, title and location of the
event.
The complete listing of the Mathematics Calendar is available
at: www.ams.org/meetings/calendar/mathcal
All submissions to the Mathematics Calendar should be done
online via: www.ams.org/cgi-bin/mathcal/mathcal-
submit.pl
Anyquestions or difficulties may be directed to mathcal@ams.
org.

June 2016

22 – 24 Topology and Languages
Location: Université Paul Sabatier, Institut de Mathématiques,
Toulouse, France.
URL:
www.math.univ-toulouse.fr/~deloup/TopComp2016/
Journees2016

27 – July 1 Geometric and Combinatorial Methods in Number
Theory
Location: “Alexandru Ioan Cuza” University of Iasi Romania.
URL: www.math.uaic.ro/~gcmnt/

27 – July 1 Parameter Problems in Analytic Dynamics
Location: Imperial College London, UK.
URL: wwwf.imperial.ac.uk/~dcheragh/PPAD/
Conference.html

27 – July 1 Mini-courses in Mathematical Analysis 2016
Location: Department of Mathematics, University of Padova,
Italy.
URL: minicourses.dmsa.unipd.it

July 2016

4 – 15 AMSI Winter School 2016 on Biological and Environmental
Modelling
Location: The University of Queensland, Brisbane, Queensland,
Australia.
URL: www.amsi.org.au/ws

11 – 11 *Mathematics and Science Fiction: Visions for the Year
2 1̂1=2048
Location: Akademiegebäude am Gendarmenmarkt, Leibniz-
Saal, Markgrafenstrasse 38, 10771 Berlin, Germany.
URL:
www.hector-fellow-academy.de/en/veranstaltungen/
unterpunkt-1/2016.html

11 – 13 International Conference onAppliedMathematics andAnal-
ysis (ICAMA2016)
Location: Atilim University, Ankara, Turkey.
URL: icama2016.atilim.edu.tr

11 – 14 SIAM Conference on the Life Sciences (LS16)
Location:The Westin Boston Waterfront, Boston, Massachusetts,
USA.
URL: www.siam.org/meetings/ls16

11 – 15 2016 SIAMAnnual Meeting
Location:The Westin Boston Waterfront, Boston, Massachusetts,
USA.
URL: www.siam.org/meetings/an16

12 – 15 International Conference on Analysis and its Applications
(ICAA-2016)
Location: Ahi Evran University, Kirsehir, Turkey.
URL: icaa2016.org

18 – 22 International Workshop on Operator Theory and Applica-
tions
Location:Washington University in St. Louis, St. Louis, Missouri,
USA.
URL: openscholarship.wustl.edu/iwota2016

25 – 27 Global Conference on Applied Physics andMathematics
Location: Aula Magna “P. Gismondi” SOGENE Building Univer-
sità degli Studi di Roma “Tor Vergata” Macroarea di Scienze
Matematiche, Fisiche e Naturali Via della Ricerca Scientifica 1,
133 Roma.
URL: www.physicsmaths.skconferences.com

August 2016

1 – 5 VIWorkshop on Differential Geometry
Location: La Falda, Sierras de Cordoba, Argentina.
URL: www.famaf.unc.edu.ar/egeo2016

1 – 13 Mathematical Modelling and Its Applications to Science,
Engineering, Epidemiology and Agriculture
Location: Landmark University, Omu-Aran, Kwara State, Nige-
ria.
URL: www.ams2016.lmu.edu.ng
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8–10 The41stSapporoSymposiumonPartialDifferential Equations
Location: Conference Hall, Hokkaido University, Sapporo,
Japan.
URL: www.math.sci.hokudai.ac.jp/sympo/sapporo/
program160808_en.html

18 – 21 Reflections on Global Riemannian Geometry, in honor of
Karsten Grove’s Seventieth birthday
Location: Townsend, TN.
URL: sgpc.math.utk.edu

27 – 28 International Symposium on Computer Science & Computer
Engineering (ISCSCE 2016)
Location: Paris, France.
URL: www.iscsce.iisrcrcc.com

30 – 31 International Symposiumon Innovation inComputer Science
& Engineering (ISICSE 2016)
Location: Amsterdam, Netherlands.
URL: www.isicse.iisrcrcc.com

September 2016

1 – 2 Geometric Structures, Lie Theory and Applications
Location: IMPA, Rio de Janeiro, Brazil.
URL: www.sbm.org.br/jointmeeting-italy/special-
sessions/

3 –4 InternationalConferenceonAdvances inComputer Engineering
& Science (ICACES 2016)
Location: Hamburg, Germany.
URL: www.icaces.iisrcrcc.com

5 – December 16 CRM Intensive Research Program on Large Cardi-
nals and Strong Logics
Location:Centre de Recerca Matemàtica, Bellaterra, Barcelona,
Spain.
URL: www.crm.cat/en/Activities/Curs_2016-2017/
Pages/IRP-Large-Cardinals-and-Strong-Logics.aspx

7 – 8 International Conference on Latest Trends in Computer Science
& Engineering (ICLTCSE 2016)
Location: Copenhagen, Denmark.
URL: www.icltcse.iisrcrcc.com

7 – 9 BioDynamicsWorkshop 2016
Location: University of Exeter, United Kingdom.
URL: www.bio-dynamics.org/events/biodynamics-2016

7 – 10 International SymposiumonAnalysis andApplications (ISAA
2016)
Location: Centro Vacacional IMSS Atlixco-Metepec, Metepec,
Puebla MEXICO.
URL: isaa2016.izt.uam.mx/isaa/index.html

9 – 11 International Conference on Special Functions &Applications
(ICSFA-2016)
Location: Department of Humanities & Applied Sciences, Fac-
ulty of Engineering, Jamia Millia Islamia - Central University,
New Delhi 110 25, India.
URL: www.ssfaindia.webs.com/conf.htm

11 – 12 International Conference on Innovation in Computer Science
& Engineering (ICICSE 2016)
Location: Helsinki, Finland.
URL: www.icicse.iisrcrcc.com

23 – 23 Conference onMathematics of Signals
Location: Farmingdale State College SUNY, Farmingdale, NY.
URL:
www.farmingdale.edu/arts-sciences/mathematics/
index.shtml

30 – October 2 Yamabe Symposium: Symplectic Geometry and
Complex Geometry
Location: University of Minnesota, Minneapolis, MN, USA.
URL: math.umn.edu/yamabe/2016

October 2016

6 – 9 Integers Conference 2016: Spanning the Generations
Location: University of West Georgia, Carrollton, Georgia.
URL: www.westga.edu/assetsCOSM/math/
INTEGERS_Conference_2016.pdf

15 – 16 Meeting of the Americas Section of the International Study
Group on the Relations Between the History and Pedagogy of Mathe-
matics (HPM-Americas)
Location: Point Loma Nazarene University, San Diego, Califor-
nia, USA.
URL: www.hpm-americas.org

17 – 21 Applications of Ergodic Theory in Number Theory
Location: CIRM Luminy, Marseille.
URL: lemanczyk-ferenczi.weebly.com/
doctoral-school.html

31 – November 4 AIM Workshop: Optimization Strategies for
Transportation
Location: American Institute of Mathematics, San Jose, CA.
URL: aimath.org/workshops/upcoming/transportation

November 2016

21 – 25 *Mal’tsev Meeting
Location: Sobolev Institute of Mathematics, Novosibirsk, Russia.
URL: math.nsc.ru/conference/malmeet/16

December 2016

1 – 2 2nd IMA Conference on the Mathematical Challenges of Big
Data
Location: Mary Ward House, London, UK.
URL:
www.ima.org.uk/conferences/conferences_calendar/
big-data-2016.html

12 – 16 Ergodic Theory and its Connections with Arithmetic and
Combinatorics
Location: CIRM Luminy, Marseille.
URL: lemanczyk-ferenczi.weebly.com/conference.
html
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21 – 23 Platinum Jubilee International Conference on Applications
of Statistics (PJICAS)
Location: Department of Statistics, University of Calcutta 35,
Ballygunge Circular Road Kolkata-700019, West Bengal, In-
dia.
URL: stat.caluniv.in/platinum

21 – 23 10th International Conference of IMBIC on ”Mathemat-
ical Sciences for Advancement of Science and Technology (MSAST
2016)”
Location: IMBIC, Salt Lake City, Kolkata, India Venue: Indismart
Hotel, Salt Lake, Kolkata.
URL: imbic.org/forthcoming.html

January 2017

23 – 27 Beam Dynamics
Location: Institute for Pure and Applied Mathematics (IPAM),
UCLA, Los Angeles, CA.
URL: www.ipam.ucla.edu/programs/workshops/
beam-dynamics

24 – 26 International Conference on Computational Mathematics &
Statistics (ICCMS-2017)
Location: Department of Mathematics and Statistics, Ba-
nasthali University, Bansthali, Rajasthan, INDIA.
URL: www.iccms2017bu.in.

30 – February 3 James Serrin: Fromhis Legacy to theNewFrontiers
Location: Dipartimento di Matematica e Informatica, Univer-
sità degli Studi di Perugia, Italy.
URL: www.dmi.unipg.it/serrinconference2017

February 2017

6 – 10 EmergingWireless Networks
Location: Institute for Pure and Applied Mathematics (IPAM),
UCLA, Los Angeles, California.
URL: www.ipam.ucla.edu/wn2017

7 – 10 A Panorama on Singular Varieties: A Conference to Celebrate
Le Dung Trang Seventieth birthday
Location: Institute of Mathematics of the University of Seville
IMUS, Spain.
URL: www.imus.us.es/ledt70

22 – 24 TheWorld Symposium on Civil Engineering 2017 (WSCE’17)
Location: Hong Kong, China.
URL: www.iaeng.org/WSCE/WSCE2017

27 – March 3 SIAM Conference on Computational Science and
Engineering (CSE17)
Location: Hilton Atlanta, Atlanta, Georgia, USA.
URL: www.siam.org/meetings/cse17

March 2017

31 – April 2 International Conference onMathematics and Culture,
XXth Anniversary
Location: Istituto Veneto Scienze Lettere Arti, Venice, Italy.
URL: www.mat.uniroma1.it/venice2017

May 2017

1 – 5 AIMWorkshop: Entropy Power Inequalities
Location: American Institute of Mathematics, San Jose, CA.
URL: aimath.org/workshops/upcoming/entropypower

15 – 19 AIM Workshop: Mathematical Questions in Wave Turbu-
lence Theory
Location: American Institute of Mathematics, San Jose, CA.
URL: aimath.org/workshops/upcoming/waveturb

June 2017

5–9 InternationalConferenceonDifferential&DifferenceEquations
and Applications 2017
Location: Military Academy, Amadora, Portugal.
URL: sites.google.com/site/sandrapinelas/icddea-
2017

12 – 16 AIMWorkshop: Phase Transitions in Randomized Computa-
tional Problems
Location: American Institute of Mathematics, San Jose, CA.
URL: aimath.org/workshops/upcoming/phaserandom

July 2017

31 – August 4 AIMWorkshop: Crouzeix’s Conjecture
Location: American Institute of Mathematics, San Jose, CA.
URL: aimath.org/workshops/upcoming/crouzeix
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Colored Operads
Donald Yau, The Ohio State University at 
Newark, OH

This book discusses the theory of operads and colored 
operads, sometimes called symmetric multicatego-
ries.

Graduate Studies in Mathematics, Volume 170; 2016; 
428 pages; Hardcover; ISBN: 978-1-4704-2723-8; List US$89; 
AMS members US$71.20; Order code GSM/170

Partial Differential Equations
An Accessible Route through Theory and 
Applications
András Vasy, Stanford University, CA

Graduate Studies in Mathematics, Volume 169; 2015; 
281 pages; Hardcover; ISBN: 978-1-4704-1881-6; List US$69; 
AMS members US$55.20; Order code GSM/169

Random Operators
Disorder Effects on Quantum Spectra and 
Dynamics
Michael Aizenman, Princeton University, NJ, 
and Simone Warzel, Technische Universität 
München, Germany

This book provides an introduction to the mathemat-
ical theory of disorder effects on quantum spectra 
and dynamics.

Graduate Studies in Mathematics, Volume 168; 2015; 
326 pages; Hardcover; ISBN: 978-1-4704-1913-4; List US$79; 
AMS members US$63.20; Order code GSM/168

Singular Perturbation in the Physical 
Sciences
John C. Neu, University of California, Berkeley, 
CA

This book is the testimony of a physical scientist 
whose language is singular perturbation analysis.

Graduate Studies in Mathematics, Volume 167; 2015; 
326 pages; Hardcover; ISBN: 978-1-4704-2555-5; List US$79; 
AMS members US$63.20; Order code GSM/167

Problems in Real and Functional 
Analysis
Alberto Torchinsky, Indiana University, 
Bloomington, IN

The purpose of this book is to complement the 
existing literature in introductory real and functional 
analysis at the graduate level with a variety of concep-
tual problems.

Graduate Studies in Mathematics, Volume 166; 2015; 
467 pages; Hardcover; ISBN: 978-1-4704-2057-4; List US$79; 
AMS members US$63.20; Order code GSM/166

Advanced Modern Algebra
Third Edition, Part 1
Joseph J. Rotman, University of Illinois at 
Urbana-Champaign, IL

This new edition has been reorganized and many 
sections have been rewritten. This first part, designed 
for a first year of graduate algebra, consists of two 
courses: Galois theory and Module theory.

Graduate Studies in Mathematics, Volume 165; 2015; 706 pages; Hardcover; 
ISBN: 978-1-4704-1554-9; List US$89; AMS members US$71.20; Order code GSM/165

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

Introduction to Analytic and 
Probabilistic Number Theory
Third Edition
Gérald Tenenbaum, Institut Élie Cartan, 
Vandoeuvre-lès Nancy, France

This book provides a thorough, self-contained intro-
duction to the analytic and probabilistic methods of number theory.

Graduate Studies in Mathematics, Volume 163; 2015; 641 pages; Hardcover; 
ISBN: 978-0-8218-9854-3; List US$89; AMS members US$71.20; Order code GSM/163

Graduate Studies in Mathematics
� e volumes in this series are speci� cally designed as graduate studies texts, but are also 
suitable for recommended and/or supplemental course reading. With appeal to both 
students and professors, these texts make ideal independent study resources. � e 
breadth and depth of the series’ coverage make it an ideal acquisition for all
academic libraries that support mathematics programs.
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@amermathsoc

plus.google.com/+AmsOrg
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MEETINGS IN THIS ISSUE

Central Section: Georgia Benkart, University of Wisconsin-
Madison, 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 Math-
ematics, Lehigh University, Bethlehem, PA 18015-3174; e-mail: 
steve.weintraub@lehigh.edu; telephone: 610-758-3717.

Southeastern Section: Brian D. Boe, Department of Mathemat-
ics, 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 Mathemat-
ics, University of California, Surge Bldg., Riverside, CA 92521-
0135; e-mail: lapidus@math.ucr.edu; telephone: 951-827-5910.

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 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. 

The most up-to-date meeting and confer-
ence information can be found online at: 
www.ams.org/meetings/.

Important Information About AMS 
Meet ings :  Potent i a l  o rgan izers , 
speakers, and hosts should refer to 
page 88 in the January 2016 issue of the 
Notices for general information regard-
ing participation in AMS meetings and 
conferences.

Abstracts: Speakers should submit ab-
stracts on the easy-to-use interactive 
Web form. No knowledge of  L

ATEX is 

necessary to submit an electronic form,
although those who use   LATEX may submit 
abstracts with such coding, and all math 
displays and similarily coded material 
(such as accent marks in text) must 
be typeset in LATEX. Visit www.ams.org/
cgi-bin/abstracts/abstract .pl . Ques-
tions about abstracts may be sent to abs-
info@ams.org. Close attention should be 
paid to specified deadlines in this issue. 
Unfortunately, late abstracts cannot be 
accommodated.

ASSOCIATE SECRETARIES OF THE AMS

See www.ams.org/meetings/ for the most up-to-date information on these conferences.

 ––––––––  2016  ––––––––
September 24–25 Brunswick, Maine p. 707

October 8–9 Denver, Colorado p. 711

October 28–30 Minneapolis, Minnesota p. 712

November 12–13 Raleigh, North Carolina p. 713

––––––––  2017  ––––––––
January 4–7 Atlanta, Georgia p. 714

March 10–12 Charleston, South Carolina  p. 722

April 1–2 Bloomington, Indiana p. 722

April 22–23 Pullman, Washington p. 722

May 6–7 New York, New York p. 723

July 24–28 Montréal, Quebec, Canada p. 723

September 9–10 Denton, Texas p. 723

September 16–17 Buffalo, New York p. 724

September 23–24 Orlando, Florida p. 724

November 4–5        Riverside, California             p. 724

 ––––––––  2018  ––––––––
January 10–13 San Diego, California p. 724

March 24–25 Columbus, Ohio p. 725

April 14–15 Portland, Oregon p. 725

April 21–22 Boston, Massachusetts p. 725

 ––––––––  2019  ––––––––

January 16–19 Baltimore, Maryland p. 725

March 29–31 Honolulu, Hawaii p. 726

 ––––––––  2020  ––––––––

January 15–18 Denver, Colorado p. 726

 ––––––––  2021  ––––––––

January 6–9 Washington, DC  p. 726

Conferences in Cooperation with the AMS

Indian Mathematics Consortium

December 14–17, 2016

Banaras Hindu University

Varanasi, India

http://www.ams.org/meetings/.
http://www.ams.org/cgi-bin/abstracts/abstract.pl
http://www.ams.org/cgi-bin/abstracts/abstract.pl


Timely, Informative Alerts

The AMS Bookstore New Releases email alert is the 
best way to keep current with new developments 
in your field and learn about forthcoming and 
recently published titles. These monthly mailings 
allow you to:

• Access each book’s abstract page on the AMS 
Bookstore

• Preview chapter samples, Tables of Contents, 
Indexes, and author supplemental materials

• Learn about Bookstore sales, special discounts, 
publishing highlights, and more

It’s convenient, it’s 
free, and you can  

unsubscribe at any 
time. Sign up today!

 

ams.org/ 
bookstore/ 

keepinformed

New Releases Email

A m e r i c A n  m At h e m At i c A l  S o c i e t y

http://bookstore.ams.org
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IMPORTANT INFORMATION REGARDING MEETINGS PROGRAMS: AMS Sectional Meeting programs do not ap-
pear 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 .

Brunswick, Maine
Bowdoin College

September 24–25, 2016
Saturday – Sunday

Meeting #1121
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: June 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 3

Deadlines
For organizers: Expired
For abstracts: July 19, 2016

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

Invited Addresses
Tim Austin, New York University, Szemerédi’s Theorem: 

combinatorics, ergodic theory and algebra.
Moon Duchin, Tufts University, Counting in groups: 

fine asymptotic geometry.
Thomas Lam, University of Michigan, Combinatorics of 

electrical networks.

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

Algebraic and Enumerative Combinatorics (Code: SS 
12A), Thomas Lam, University of Michigan.

Autonomous and Non-autonomous Discrete Dynamical 
Systems with Applications (Code: SS 2A), M.R.S. Kulenović  
and O. Merino, University of Rhode Island.

Combinatorial Aspects of Nilpotent Orbits (Code: SS 
18A), Anthony Iarrobino, Northeastern University, Leila 
Khatami, Union College, and Julianna Tymoczko, Smith 
College.

Combinatorics, at the Crossroads of Algebra, Geometry, 
and Topology (Code: SS 11A), Ivan Martino, University of 
Fribourg (Switzerland), and Alexander I. Suciu, North-
eastern University.

Convex Cocompactness (Code: SS 14A), Tarik Aougab 
and Sara Maloni, Brown University.

Decomposing 3-manifolds (Code: SS 8A), Tao Li, Boston 
College, and Scott Taylor, Colby College.

Financial Mathematics (Code: SS 13A), Maxim Bichuch, 
Johns Hopkins University, and Stephan Strum and Xuwei 
Yang, Worcester Polytechnic Institute.

Geometric Aspects of Harmonic Analysis (Code: SS 6A), 
Matthew Badger and Vasileios Chousionis, University of 
Connecticut.

Geometric Group Theory (Code: SS 4A), Charles Cun-
ningham, Bowdoin College, Moon Duchin, Tufts Univer-
sity, and Jennifer Taback, Bowdoin College.

Geometry of Nilpotent Groups (Code: SS 5A), Moon 
Duchin, Tufts University, Jennifer Taback, Bowdoin Col-
lege, and Peter Wong, Bates College.

Mathematics and Statistics Applied to Biology and Re-
lated Fields (Code: SS 7A), Meredith L. Greer, Bates College.

New Developments in Graphs and Hypergraphs (Code: 
SS 16A), Deepak Bal and Jonathan Cutler, Montclair State 
University, and Jozef Skokan, London School of Econom-
ics.

Noncommutative Ring Theory and Noncommutative Al-
gebra (Code: SS 1A), Jason Gaddis, Wake Forest University, 
and Manuel Reyes, Bowdoin College.

http://www.ams.org/meetings
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Nonlinear Partial Differential Equations in Material 
Science and Mathematical Biology (Code: SS 3A), Leonid 
Berlyand, Pennsylvania State University, Dmitry Golo-
vaty, University of Akron, and Alex Misiats, New York 
University.

Nonlinear Waves in Partial and Lattice Differential Equa-
tions (Code: SS 9A), Christopher Chong, Bowdoin College.

Plethysm and Kronecker Products in Representation 
Theory (Code: SS 17A), Susanna Fishel, Arizona State 
University, and Sheila Sundaram, Pierrepont School.

Topological Phases of Matter and Quantum Computa-
tion (Code: SS 15A), Paul Bruillard and Carlos Ortiz, Pacific 
Northwest National Laboratory, and Julia Plavnik, Texas 
A&M University.

Undergraduate Research (Code: SS 10A), Christopher 
Chong and Adam Levy, Bowdoin College.

Accommodations
Participants should make their own arrangements di-
rectly with the hotel of their choice. Special discounted 
rates were negotiated with the hotels listed below. Rates 
quoted do not include the Maine state hotel tax (9 percent). 
Participants must state that they are with the American 
Mathematical Society (AMS) Meeting at Bowdoin College 
to receive the discounted rate. The AMS is not responsible 
for rate changes or for the quality of the accommodations. 
Hotels have varying cancellation and early checkout 
penalties; be sure to ask for details.

Best Western Plus Brunswick Bath, 71 Gurnet Road, 
Brunswick, Maine, 04011; 207-725-5251; www.brunswick-
mainehotel.com. Rates are US$135.96 per night for a 
single or double occupancy, king or double-queen room. 
Amenities include complimentary high-speed Wi-Fi in pub-
lic areas and guest rooms, business center, heated indoor 
salt water pool, exercise room, in-room microwave and re-
frigerator, and complimentary continental breakfast with 
gluten-free options. This property is pet friendly; please 
contact hotel directly to inquire about pet policy and 
additional fees. This property is located approximately 
2 miles from campus. Cancellation and early check-out 
policies vary and penalties exist at this property; be sure 
to check when you make your reservation. The deadline 
for reservations at this rate is August 23, 2016.

Brunswick Hotel and Tavern, 4 Noble Street, Bruns-
wick, Maine 04011; 1-800-299-4914 or 207-729-4914; www.
thebrunswickhotelandtavern.com. Rates are US$169 
per night for a single or double occupancy room. Ameni-
ties include complimentary daily newspaper, morning 
coffee service in the lobby, complimentary Wi-Fi, and on-
site restaurant, The Tavern, serving breakfast, lunch, and 
dinner. This property is located adjacent to the Bowdoin 
campus. Cancellation and early check-out policies vary and 
penalties exist at this property; be sure to check when you 
make your reservation. The deadline for reservations at a 
reduced rate is August 10, 2016.

Brunswick Inn 165 Park Row, Brunswick, Maine 04011; 
1-800-299-4914 or 207-729-4914; brunswickbnb.com. 
Guest rooms located in the Carriage House are being held 
for this meeting and will be discounted 5 percent for par-
ticipants in the meeting. This property is a sixteen room 

inn. All rooms have private bathrooms and complimentary 
Wi-Fi. Rates are based on doublFe occupancy and include a 
full hot breakfast made to order. This property is located 
approximately 100 yards from the main entrance to the 
Bowdoin campus. Cancellation and early check-out poli-
cies vary and penalties exist at this property; be sure to 
check when you make your reservation. The deadline for 
reservations at a reduced rate is August 1, 2016.

Comfort Inn, 199 Pleasant Street, Brunswick, Maine, 
04011; 631-941-2980; https://www.choicehotels.
com/maine/brunswick/comfort-inn-hotels/
me025?source=gglocaljn. Rates are US$136 per night 
for a room with two double beds and US$140.25 for a 
room with one king bed, these rates are applicable for 
single or double occupancy. Amenities include free Wi-Fi, 
complimentary coffee service, exercise room, and free hot 
breakfast. This property is located approximately 2 miles 
from campus. Cancellation and early check-out policies 
vary and penalties exist at this property; be sure to check 
when you make your reservation. The deadline for reserva-
tions at this rate is August 23, 2016.

Fairfield Inn and Suites Brunswick Freeport, 36 
Old Portand Road, Brunswick, Maine,04011; 207-721-
0300; www.marriott.com/hotels/travel/pwmbw-
fairfield-inn-and-suites-brunswick-freeport. 
Rates are US$139 per night for a room with two double 
beds or for a room with one king bed, this rate is appli-
cable for single or double occupancy. Amenities include, 
complimentary highspeed Wi-Fi, exercise room, on-site 
business center, indoor pool, and complimentary hot 
breakfast. This property is located approximately 3 miles 
from campus. Cancellation and early check-out policies 
vary and penalties exist at this property; be sure to check 
when you make your reservation. The deadline for reserva-
tions at this rate is September 2, 2016.

Hampton Inn by Hilton Bath, 140 Commercial Street, 
Bath, Maine, 04530; 207-386-1310; hamptoninn3.hilton.
com/en/hotels/maine/hampton-inn-bath-bruns-
wick-area-me-PWMBAHX. Rates are US$149 per night 
for a room with two queen beds or for a room with one 
king bed, this rate is applicable for single or double occu-
pancy. Amenities include, complimentary highspeed Wi-Fi, 
exercise room, on-site business center, indoor pool, and 
complimentary hot breakfast. This property is located ap-
proximately 9 miles from campus. Cancellation and early 
check-out policies vary and penalties exist at this property; 
be sure to check when you make your reservation. The 
deadline for reservations at this rate is September 2, 2016.

Residence Inn Bath (Brunswick Area) 139 Richardson 
Street Bath Maine 04530; 207-443-9741; www.marriott.
com/hotels/travel/pwmba-residence-inn-bath-
brunswick-area. Rates are US$169 per night for single/
double occupancy. This is an all-suite property and all 
rooms have a fully equipped kitchen. Amenities include 
complimentary hot breakfast, complimentary highspeed 
Wi-Fi, on-site business center, fitness center, and indoor 
heated pool. This property is located approximately  
8.5 miles from the campus. Cancellation and early check-
out policies vary and penalties exist at this property; 
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be sure to check when you make your reservation. The 
deadline for reservations at this rate is August 10, 2016.

Food Services
On Campus: The Cafe, located in Smith Union, will be 
open 11:00 am–4:00 pm on Saturday and Sunday serving 
coffee shop fare. 

Located on the lower level of Smith Union, the Bowdoin 
Express offers a selection of soft drinks, juices, and snacks 
including healthy and local options. Nonfood items such 
as soaps, shampoos, and other toiletry items are available 
for purchase with cash.

Bowdoin offers an excellent, locally-sourced, brunch 
and dinner on weekends in Thorne Hall. Brunch is served 
between 11:00 am–1:30 pm and dinner is served between 
5:00 pm–7:30 pm. Discounted tickets for these meals will 
be available for purchase by cash only from a Bowdoin 
representative, at the registration desk. Tickets for brunch 
will be sold at the registration desk for US$8 or for US$14 
at the door. Tickets for dinner will be sold at the registra-
tion desk for US$10 or for US$16 at the door.

Local organizers have graciously arranged a Maine 
Lobster Dinner to take place during the conference on 
Saturday evening at 6:00 pm in Daggett Lounge, located in 
Thorne Hall. Guests of conference participants are invited 
to join the dinner as well. Tickets will cost US$40 and 
options for entrees for this event are Maine lobster, char-
grilled sirloin steak, lemon garlic grilled chicken breast, 
or grilled eggplant. Space is limited and participants must 
register in advance online, by no later than September 
19th. Please register via this link: https://polarevents.
wufoo.com/forms/ams.

Off Campus: Brunswick offers a wide variety of restau-
rants many within walking distance from the college. The 
Brunswick Downtown Association offers a full listing of 
restaurants to choose from. More information on restau-
rants and local attractions in the Brunswick area can be 
found at brunswickdowntown.org. 

Some options for coffee include:
Bohemian Coffee Shop, 4 Railroad Ave, Brunswick; 

(207) 725-9095; www.bohemiancoffeehouse.com; serv-
ing coffee and pastries baked in-house (5 minute walk 
from campus).

Little Dog Coffee Shop, 87 Maine Street, Brunswick; 
(207) 721-9500; www.littledogcoffeeshop.com; serving 
coffee, breakfast and lunch daily (10 minute walk from 
campus).
Some options nearby for dining include:

Scarlet Begonias, 16 Station Ave, Brunswick; (207) 721-
0403; www.scarletbegoniasmaine.com; pizza, pasta, 
sandwiches (5 minute walk from campus).

Wild Oats Bakery and Cafe,149 Maine St., Bruns-
wick; (207) 725-6287; www.wildoatsbakery.com ;  
locally-owned, from-scratch bakery, deli and cafe serving 
breakfast and lunch (7 minute walk from campus).

Some options within a 10–15 minute walk for dining 
include:

Aki, 94 Maine Street, Brunswick; (207) 729-8866; www.
akijapanesecuisine.com; serving hibachi, sushi, and 
Japanese fare.

Frontier Cafe, 14 Maine St., Mill 3 Fort Andross, Bruns-
wick; (207) 725-9095; www.explorefrontier.com; part 
café, cinema, gallery, crossroads, pub - serving an eclectic, 
international menu for lunch and dinner.

Libby's Market, 42 Jordan Ave, Brunswick; (207) 729-
7277; house speciality is the lobster roll.

Little Saigon, 44 Maine Street, Brunswick; (207) 725-
1888; littlesaigonmaine.com; Vietnamese noodle bar.

Little Tokyo, 72 Maine Street, Brunswick; (207) 798-6888; 
littletokyomaine.com; serving sushi, and Japanese fare.

Shere Punjab, 46 Maine Street, Brunswick; (207) 373-
0422; www.sherepunjabme.com; fine Indian cuisine.

Registration and Meeting Information
Advance Registration: Advance registration for this meet-
ing opens on August 1st. Advance registration fees will 
be US$59 for AMS members, US$85 for nonmembers, and 
US$10 for students, unemployed mathematicians, and 
emeritus members.

Onsite Information and Registration: The registration 
desk, AMS book exhibit, and coffee service will be located 
in Smith Union. The Invited Addresses will be held in 
Kresge Auditorium in the Visual Arts Center (VAC). Special 
Sessions and Contributed Paper Sessions will take place in 
a number of buildings on campus, within walking distance 
of each other. Please look for additional information about 
specific session room locations on the web and in the 
printed program. For further information on building lo-
cations, a campus map is available at www.bowdoin.edu/
about/campus/maps/pdf/bowdoin-campus-map.pdf.
The registration desk will be open on Saturday, Septem- 
ber 24, 7:30 am–4:00 pm and Sunday, September 25, 
8:00 am–12:00 pm. The same fees apply for on-site reg-
istration, as for advance registration. Fees are payable 
on-site via cash, check, or credit card.

Other Activities
Book Sales: Stop by the on-site AMS bookstore to review 
the newest publications and take advantage of exhibit 
discounts and free shipping on all on-site orders! AMS 
members receive 40 percent off list price. Nonmembers 
receive a 25 percent discount. Not a member? Ask a 
representative about the benefits of AMS membership. 
Complimentary coffee will be served courtesy of AMS 
Membership Services.

Complimentary Coffee will be served courtesy of AMS 
membership services.

AMS Editorial Activity: An acquisitions editor from the 
AMS book program will be present to speak with prospec-
tive authors. If you have a book project that you wish to 
discuss with the AMS, please stop by the book exhibit.

Community Lecture: Bowdoin College will host a com-
munity lecture on Saturday evening in the Kresge Audito-
rium located in the Visual Arts Center, at 8:00 pm. Michael 
Kleber of Google will give a talk entitled, Poisoned Wine 
Bottles, Not Enough Rats. This event is open to the public.
Information about this lecture can be found at www.bowdoin.
edu/calendar/event.jsp?bid=779802&rid=90986.
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 Special Needs
It is the goal of the AMS to ensure that its conferences 
are accessible to all, regardless of disability. The AMS will 
strive, unless it is not practicable, to choose venues that 
are fully accessible to the physically handicapped.

If special needs accommodations are necessary in order 
for you to participate in an AMS Sectional Meeting, please 
communicate your needs in advance to the AMS Meetings 
Department by: 

•Registering early for the meeting
•Checking the appropriate box on the registration 

form, and
•Sending an email request to the AMS Meetings De-

partment at mmsb@ams.org or meet@ams.org.

AMS Policy on a Welcoming Environment
The AMS strives to ensure that participants in its activities 
enjoy a welcoming environment. In all its activities, the 
AMS seeks to foster an atmosphere that encourages the 
free expression and exchange of ideas. The AMS supports 
equality of opportunity and treatment for all participants, 
regardless of gender, gender identity, or expression, race, 
color, national or ethnic origin, religion or religious belief, 
age, marital status, sexual orientation, disabilities, or 
veteran status. 

Local Information and Maps
This meeting will take place on the campus of Bowdoin 
College. A campus map can be found at www.bowdoin.
edu/about/campus/maps/pdf/bowdoin-campus-map.
pdf. Information about the Bowdoin Mathematics Depart-
ment can be found at www.bowdoin.edu/math/index.
shtml. Please visit the Bowdoin College website at www.
Bowdoin.edu for additional information on the campus.

Please visit the local organizers’ website for this  
meeting at www.bowdoin.edu/conference/ams/ 
registration-schedule.shtml. Please watch the 
AMS website at www.ams.org/meetings/sectional/ 
sectional.html for additional information on this meet-
ing. 

Parking
If you are visiting campus for one day or for the weekend, 
you do not need a parking pass. There are several parking 
options available to meeting participants. Day visitors are 
directed to park on North Campus Drive (off of Bath Road), 
South Campus Drive (off of College Street), Coffin Street 
Parking Lot, Dayton Lot (off of Sills Drive) and Russwurm 
House Parking Lot (just east of Tower Drive).

Additional information about parking on campus and in 
the town of Bowdoin adjacent to the campus, can be found 
here www.bowdoin.edu/security/parking/faculty-
staff-visitor-information.shtml.

Travel
The main campus of Bowdoin is located in the heart of 
Brunswick, Maine.

By Air: The Portland International Jetport is served by 
most major airlines. Please visit the Portland International 

Jetport web site for a list of airlines serving Portland and 
lists of cities with daily direct flights; www.portlandjet-
port.org. There are several options available for trans-
portation to/from the airport. Outward Express, operated 
by Pete Harrison, offers shuttle service at a cost of US$50 
each way from airport and will combine rides to split costs; 
(207) 865-0890. Mermaid Transportation Co., Inc. provides 
daily service to and from the Portland Jetport and Boston's 
Logan Airport; gomermaid.com. Mid-Coast Limo provides 
service to the Portland Jetport; for more information and 
reservations call 1-800-937-2424 or 207-236-2424.
 Rental cars are available at the Jetport; for more de- 
tails please visit www.portlandjetport.org/Ground_
Transportation.

By Train: Rail service to Maine via Boston is provided 
by the Downeaster Amtrak Train. Rail service to Boston 
is currently available through Amtrak; https://www.
amtrak.com/home. Amtrak now offers daily service be-
tween Boston’s North Station and Brunswick and points in 
between. The Brunswick train station is located on Station 
Avenue, approximately five hundred yards from campus.

By Bus: Greyhound/Vermont Transit offers daily trips 
to and from Brunswick, Maine. Schedules and rates are 
available from the office at 206 Maine Street, Brunswick or 
by phone at 1-800-537-3330. Buses stop at the 7-11 store 
on the corner of Maine and Elm streets, two blocks from 
campus. Limited service may be available from Bowdoin 
College. For more information on Greyhound please call 
800-231-2222 or visit https://www.greyhound.com.

Concord Coach Lines offers service from Boston and 
New York City. The coach stops at Maine Street Station 
within walking distance to downtown and the college. For 
more infomation visit https://concordcoachlines.
com/routes-bus-terminal-stops or call 800-639-3317.

By Car: 
From the south: Take the Maine Turnpike to Exit 52 

(formerly Exit 9; 295 to Coastal Route 1). Continue on 295 
to Exit 28 Route 1 North: Coastal Route, Brunswick/Bath). 

From the north: Traveling on the Maine Turnpike, take 
Exit 14, then I-295 to Exit 28 Route 1 North.

To reach the main campus: From I-295, take Route 1 
North/Pleasant Street. Proceed to the third traffic light. 
Go straight (“To 201/123/24/Maine Street”). Continue 
straight for approximately 1/2 mile to the second traffic 
light. Turn right on Maine Street. Continue on Maine Street 
for approximately 1/2 mile. The Bowdoin campus begins 
at the intersection of Maine Street and Bath Road, near a 
large UCC Church.

Car Rental: Hertz is the official car rental company for 
the meeting. To make a reservation accessing our special 
meeting rates online at www.hertz.com, click on the box 
“I have a discount”, and type in our convention number 
(CV): CV#04N30007. You can also call Hertz directly at 
800-654-2240 (US and Canada) or 1-405-749-4434 (other 
countries). At the time of reservation, the meeting rates 
will be automatically compared to other Hertz rates and 
you will be quoted the best comparable rate available.

For directions to campus, inquire at your rental car 
counter.



June/July 2016  notices of the AMs   711

Meetings & Conferences

Local Transportation
Walking, biking and personal cars are recommended to 
get around campus and Brunswick.

Weather
The average high temperature for September is ap-
proximately 70 degrees Fahrenheit and the average low 
is approximately 48 degrees Fahrenheit. Visitors should 
be prepared for inclement weather and check weather 
forecasts in advance of their arrival. 

Social Networking
Attendees and speakers are encouraged to tweet about 
the meeting using the hashtags #AMSmtg.

Information for International Participants
Visa regulations are continually changing for travel to the 
United States. Visa applications may take from three to 
four months to process and require a personal interview, 
as well as specific personal information. International 
participants should view the important information 
about traveling to the US found at travel.state.gov/ 
content/visas/en.html and travel.state.gov/con-
tent/visas/en/general/all-visa-categories.html. 
If you need a preliminary conference invitation in order to 
secure a visa, please send your request to mac@ams.org. 

If you discover you do need a Visa, the National Acad-
emies website (see above) provides these tips for success-
ful visa applications: 

* Visa applicants are expected to provide evidence that 
they are intending to return to their country of residence. 
Therefore, applicants should provide proof of “binding” 
or sufficient ties to their home country or permanent 
residence abroad. This may include documentation of 
the following: 

- family ties in home country or country of legal per-
manent residence 

- property ownership 
- bank accounts 
- employment contract or statement from employer 

stating that the position will continue when the employee 
returns; 

* Visa applications are more likely to be successful if 
done in a visitor's home country than in a third country; 

* Applicants should present their entire trip itinerary, 
including travel to any countries other than the United 
States, at the time of their visa application; 

* Include a letter of invitation from the meeting orga-
nizer or the US host, specifying the subject, location and 
dates of the activity, and how travel and local expenses 
will be covered; 

* If travel plans will depend on early approval of the 
visa application, specify this at the time of the application; 

* Provide proof of professional scientific and/or 
educational status (students should provide a university 
transcript). 

This list is not to be considered complete. Please visit 
the websites above for the most up-to-date information.

Denver, Colorado
University of Denver

October 8–9, 2016
Saturday – Sunday

Meeting #1122
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: August 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 3

Deadlines
For organizers: Expired
For abstracts: August 16, 2016

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

Invited Addresses
Henry Cohn, Microsoft Research, New England, Title 

to be announced.
Ronny Hadani, University of Texas, Austin, Title to be 

announced.
Chelsea Walton, Temple University, Philadelphia, 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 ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Above and Beyond Fluid Flow Studies: In celebration of 
the 60th birthday of Prof. William Layton (Code: SS 12A), 
Traian Iliescu, Virginia Polytechnic Institute and State 
University, Alexander Labovsky, Michigan Technological 
University, Monika Neda, University of Nevada, Las Vegas, 
and Leo Rebholz, Clemson University.

Algebraic Combinatorics (Code: SS 23A), Anton Betten, 
Colorado State University, Jason Williford, University of 
Wyoming, and Bangteng Xu, Eastern Kentucky University.

Algebraic Logic (Code: SS 1A), Nick Galatos, University 
of Denver, and Peter Jipsen, Chapman University.

Analysis on Graphs and Spectral Graph Theory (Code: 
SS 2A), Paul Horn and Mei Yin, University of Denver.

Aspects of PDE Arising from Modeling of the Flows in 
Porous Media (Code: SS 19A), Akif Ibraguimov, Texas 
Tech University, Viktoria Savatorova, University of  
Nevada, Las Vegas, and Aleksey Telyakovskiy, University 
of Nevada, Reno.

Discontinuous Galerkin methods for partial differential 
equations: Theory and applications (Code: SS 15A), Mah-
boub Baccouch, University of Nebraska at Omaha.

Floer Theoretic Invariants of 3-manifolds and Knots 
(Code: SS 22A), Jonathan Hanselman, University of Texas 
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at Austin, and Kristen Hendricks, University of California, 
Los Angeles.

Foundations of Numerical Algebraic Geometry (Code: SS 
14A), Abraham Martin del Campo, CIMAT, Guanajuato, 
Mexico, and Frank Sottile, Texas A&M University.

Groups and Representation Theory (Code: SS 20A), 
C. Ryan Vinroot, College of William and Mary, Julianne 
Rainbolt, Saint Louis University, and Amanda Schaeffer 
Fry, Metropolitan State University of Denver.

Integrable Systems and Soliton Equations (Code: SS 17A), 
Anton Dzhamay, University of Northern Colorado, and 
Patrick Shipman, Colorado State University.

Nonassociative Algebra (Code: SS 3A), Izabella Stuhl, 
University of Debrecen and University of Denver, and Petr 
Vojtěchovský, University of Denver.

Noncommutative Geometry and Fundamental Applica-
tions (Code: SS 4A), Frederic Latremoliere, University of 
Denver.

Nonlinear Wave Equations and Applications (Code: SS 
18A), Mark J. Ablowitz, University of Colorado Boulder, 
and Barbara Prinari, University of Colorado Colorado 
Springs.

Nonlinear and Stochastic Partial Differential Equations 
(Code: SS 13A), Michele Coti Zelati, University of Mary-
land, Nathan Glatt-Holtz, Virginia Polytechnic Institute 
and State University, and Geordie Richards, University 
of Rochester.

Operator Algebras and Applications (Code: SS 5A), Al-
varo Arias, University of Denver.

Quantum Algebra (Code: SS 11A), Chelsea Walton, 
Temple University, Ellen Kirkman, Wake Forest University, 
and James Zhang, University of Washington, Seattle.

Random Matrices, Integrable Systems, and Applications 
(Code: SS 16A), Sean D. O’Rourke, University of Colorado 
Boulder, and David Renfrew, University of California, 
Los Angeles.

Recent Advances in Structural and Extremal Graph 
Theory (Code: SS 21A), Michael Ferrara, Stephen Hartke, 
Michael Jacobson, and Florian Pfender, University of 
Colorado Denver.

Recent Trends in Semigroup Theory (Code: SS 6A), Mi-
chael Kinyon, University of Denver, and Ben Steinberg, 
City College of New York.

Set Theory of the Continuum (Code: SS 7A), Natasha 
Dobrinen and Daniel Hathaway, University of Denver.

Unimodularity in Randomly Generated Graphs (Code: 
SS 8A), Florian Sobieczky, University of Denver.

Vertex Algebras and Geometry (Code: SS 9A), Andrew 
Linshaw, University of Denver, Thomas Creutzig and 
Nicolas Guay, University of Alberta.

Zero Dimensional Dynamics (Code: SS 10A), Nic Ormes 
and Ronnie Pavlov, University of Denver.

Minneapolis, 
Minnesota
University of St. Thomas (Minneapolis 
campus)

October 28–30, 2016
Friday – Sunday

Meeting #1123
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: August 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 37, Issue 4

Deadlines
For organizers: Expired
For abstracts: August 30, 2016

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

Invited Addresses
Thomas Nevins, University of Illinois Urbana-Cham-

paign, Title to be announced.
Charles Rezk, University of Illinois Urbana-Champaign, 

Title to be announced.
Christof Sparber, University of Illinois at Chicago, Title 

to be announced.
Samuel Stechmann, University of Wisconsin-Madison, 

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 ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Advances in Algebraic Coding Theory (Code: SS 11A), 
Sarah E. Anderson, University of St. Thomas, and Katie 
Haymaker, Villanova University.

Chip-Firing and Divisors on Graphs and Complexes 
(Code: SS 3A), Caroline Klivans, Brown University, Gregg 
Musiker and Victor Reiner, University of Minnesota.

Combinatorial Matrix Theory (Code: SS 18A), Adam 
Berliner, St. Olaf College, Brenda Kroschel, University of 
St. Thomas, and Nathan Warnberg, University Wisconsin-
LaCrosse.

Combinatorial Representation Theory (Code: SS 5A), Mi-
chael Chmutov, University of Minnesota, Tom Halverson, 
Macalester College, and Travis Scrimshaw, University of 
Minnesota.

Discrete Structures: Analysis and Applications (IMA Re-
union) (Code: SS 15A), Leslie Hogben and Ryan Martin, 
Iowa State University, and Elisabeth Werner, Case Western 
Reserve University.
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Effective Mathematics in Discrete and Continuous Worlds 
(Code: SS 16A), Wesley Calvert, Southern Illinois Univer-
sity, and Timothy McNicholl, Iowa State University.

Enumerative Combinatorics (Code: SS 4A), Eric Egge, 
Carleton College, and Joel Brewster Lewis, University of 
Minnesota.

Extremal and Probabilistic Combinatorics (Code: SS 
13A), Andrew Beveridge, University of Nebraska - Lincoln, 
Jamie Radcliffe, University of Minnesota, Twin Cities, and 
Michael Young, Iowa State University.

Geometric Flows, Integrable Systems and Moving Frames 
(Code: SS 2A), Joseph Benson, St. Olaf College, Gloria 
Mari-Beffa, University of Wisconsin-Madison, Peter Olver, 
University of Minnesota, and Rob Thompson, Carleton 
College.

Integrable Systems and Related Areas (Code: SS 8A), 
Sam Evens, University of Notre Dame, Luen-Chau Li, 
Pennsylvania State University, and Zhaohu Nie, Utah State 
University.

Knotting in Physical Systems, in celebration of Kenneth 
C. Millett’s 75th birthday (Code: SS 14A), Jorge Alberto 
Calvo, Ave Maria University, and Eric Rawdon, University 
of St. Thomas.

Mathematics and Physics of Tornado Modeling (Code: 
SS 21A), Pavel Belik, Augsburg College, Douglas P. Dok-
ken, Kurt Scholz, and Misha Shvartsman, University of 
St. Thomas.

Modeling and Predicting the Atmosphere, Oceans, and 
Climate (Code: SS 1A), Sam Stechmann, University of 
Wisconsin-Madison.

Multi-scale Phenomena in Linear and Nonlinear Partial 
Differential Equations (Code: SS 23A), Zaher Hani, Geor-
gia Tech, and Christof Sparber, University of Illinois at 
Chicago.

New Developments in the Analysis of Nonlocal Operators 
(Code: SS 6A), Donatella Danielli and Arshak Petrosyan, 
Purdue University, and Camelia Pop, University of Min-
nesota.

Noncommutative Algebras and Their Representations 
(Code: SS 20A), Miodrag Iovanov and Ryan Kinser, Uni-
versity of Iowa, and Peter Webb, University of Minnesota.

Quantum Field Theories and Geometric Representation 
Theory (Code: SS 22A), Emily Cliff, University of Oxford, 
and Thomas Nevins, University of St. Thomas.

Representation Theory, Automorphic Forms and Related 
Topics (Code: SS 7A), Kwangho Choiy, Southern Illinois 
University, Dihua Jiang, University of Minnesota, and 
Shuichiro Takeda, University of Missouri.

Symplectic Geometry and Contact Geometry (Code: SS 
9A), Tian-Jun Li and Cheuk Yu Mak, University of Min-
nesota, and Ke Zhu, Minnesota State University.

The Topology of 3- and 4-Manifolds (Code: SS 17A), 
Maggy Tomova and Alexander Zupan.

Topology and Arithmetic (Code: SS 10A), Tyler Lawson 
and Craig Westerland, University of Minnesota, Twin 
Cities.

Topology and Physics (Code: SS 12A), Ralph Kaufmann, 
Purdue University, and Alexander Voronov, University of 
Minnesota, Twin Cities.

Women in Analysis and Partial Differential Equations 
(Code: SS 24A), Svitlana Mayboroda, University of Min-
nesota.

p-Adic Analysis in Number Theory (Code: SS 19A), C. 
Douglas Haessig, University of Rochester, and Steven 
Sperber, University of Minnesota.

Raleigh, North 
Carolina
North Carolina State University

November 12–13, 2016
Saturday – Sunday

Meeting #1124
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: September 2016
Program first available on AMS website: September 22, 

2016
Issue of Abstracts: Volume 37, Issue 4

Deadlines
For organizers: Expired
For abstracts: September 13, 2016

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

Invited Addresses
Ricardo Cortez, Tulane University, Title to be an-

nounced.
Jason Metcalfe, University of North Carolina at Chapel 

Hill, Title to be announced.
Agnes Szanto, 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 ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Advances in Numerical Methods for Partial Differential 
Equations (Code: SS 7A), Andreas Aristotelous, West 
Chester University, and Thomas Lewis, The University of 
North Carolina at Greensboro.

Algebraic Structures Motivated by and Applied to Knot 
Theory (Code: SS 6A), Jozef H. Przytycki, The George 
Washington University, and Radmila Sazdanovic, North 
Carolina State University.

Applied Algebraic Geometry (Code: SS 15A), Seth Sul-
livant and Agnes Szanto, North Carolina State University.

Commutative Ring Theory (in honor of Jay Shapiro’s 
retirement) (Code: SS 21A), Neil Epstein, George Mason 
University, and Alan Loper, Ohio State University.
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Contemporary Geometric Methods in Mechanics and 
Control (Code: SS 16A), Vakhtang Putkaradze, University 
of Alberta, and Dmitry Zenkov, North Carolina State 
University.

Control, Optimization, and Differential Games (Code: SS 
12A), Lorena Bociu, North Carolina State University, and 
Tien Khai Nguyen, Penn State University.

Difference Equations and Applications (Code: SS 2A), 
Michael A. Radin, Rochester Institute of Technology, and 
Youssef Raffoul, University of Dayton.

Geometry and Topology in Image and Shape Analysis 
(Code: SS 13A), Irina Kogan, North Carolina State Uni-
versity, and Facundo Mémoli, The Ohio State University.

Graphs, Hypergraphs, and Set Systems (Code: SS 22A), 
David Galvin, University of Notre Dame, and Clifford 
Smyth, University of North Carolina Greensboro.

Harmonic Analysis and Dispersive PDE (Code: SS 18A), 
Robert Booth, Jason Metcalfe, and Katrina Morgan, Uni-
versity of North Carolina.

Homological Methods in Commutative Algebra (Code: 
SS 1A), Alina Iacob and Saeed Nasseh, Georgia Southern 
University.

Low-dimensional Topology (Code: SS 9A), Caitlin Le-
verson, Georgia Tech, Tye Lidman, North Carolina State 
University, and Leonard Ng, Duke University.

Mathematical Modeling of Infectious Disease and Im-
munity (Code: SS 11A), Lauren Childs, Virginia Tech and 
Harvard Chan School of Public Health, and Stanca Ciupe, 
Virginia Tech.

Mathematical String Theory (Code: SS 3A), Paul Aspin-
wall, Duke University, Ilarion Melnikov, James Madison 
University, and Eric Sharpe, Virginia Tech.

Metric and Topological Oriented Fixed Point Theorems 
(Code: SS 5A), Clement Boateng Ampadu, Boston, MA, 
Sartaj Ali, National College of Business Administration 
and Economics, Lahore, Pakistan, Xiaorong Liu, University 
of Colorado at Boulder, and Xavier Alexius Udo-Utun, 
University of Uyo, Uyo, Nigeria.

Nonlinear Boundary Value Problems (Code: SS 10A), 
Maya Chhetri, UNC Greensboro, and Stephen Robinson, 
Wake Forest University.

Recent Advances in Stochastic Processes and Stochas-
tic Computation (Code: SS 20A), Jianfeng Lu and James 
Nolen, Duke University, and Kostas Spiliopoulous, Boston 
University.

Representations of Lie Algebras, Quantum Groups and 
Related Topics (Code: SS 8A), Naihuan Jing and Kailash 
C. Misra, North Carolina State University.

Set Theoretic Topology (Code: SS 14A), Alan Dow, UNC-
Charlotte, and Jerry Vaughan, UNC-Greensboro.

Structural and Computational Graph Theory (Code: SS 
19A), Stephen Harte, University of Colorado Denver, and 
Bernard Lidický, Iowa State University.

The Analysis of Inverse Problems and their Applications 
(Code: SS 17A), Shitao Liu, Clemson University, and Loc 
Nguyen, University of North Carolina.

Varieties, Their Fibrations and Automorphisms in 
Mathematical Physics and Arithmetic Geometry (Code: SS 
4A), Jimmy Dillies and Enka Lakuriqi, Georgia Southern 
University, and Tony Shaska, Oakland University.

Atlanta, Georgia
Hyatt Regency Atlanta and Marriott  
Atlanta Marquis

January 4–7, 2017
Wednesday – Saturday

Meeting #1125
Joint Mathematics Meetings, including the 123rd Annual 
Meeting of the AMS, 100th Annual Meeting of the Math-
ematical 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 Ap-
plied Mathematics (SIAM).
Associate secretary: Brian D. Boe
Announcement issue of Notices: October 2016
Program first available on AMS website: To be announced
Issue of Abstracts: Volume 38, Issue 1

Deadlines
For organizers: Expired
For abstracts: September 20, 2016

Call for MAA Contributed Papers
The MAA Committee on Contributed Paper Sessions so-
licits contributed papers pertinent to the sessions listed 
below. Any paper that fits the subject of one of the themed 
sessions should be submitted directly to that session. All 
others should be submitted to the general sessions, which 
will accept abstracts in all areas of collegiate mathematics, 
mathematical pedagogy, and the undergraduate math-
ematics curriculum. Presentations in the themed sessions 
are normally 15 minutes in length while presentations in 
the general sessions are limited to 10 minutes each.

Each participant may make at most one presentation 
in an MAA Contributed Paper Session, and either a pre-
sentation in one of the themed sessions or a presentation 
in one of the general sessions. If your paper cannot be 
accommodated within the themed session for which it 
was submitted, it will automatically be considered for the 
general contributed paper sessions. The session rooms are 
equipped with computer projectors and screens. Please 
note that the dates and times scheduled for these sessions 
remain tentative.

The deadline for submission of abstracts is Tuesday, 
September 20, 2016.

Contributed Paper Sessions with Themes
The Advancement of Open Educational Resources,  
organized by Benjamin Atchison, Framingham State  
University; and Jeremy Russell, The College of New Jer-
sey; Saturday morning. This session will showcase the 
increasing popularity of open educational resources (OER) 
in mathematics and statistics. Examples may include, but 
are not limited to, the development or adoption of open 
source or open access course texts and related materials, 
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the creation and/or implementation of course technologi-
cal enhancements, such as instructional apps and video 
tutorials, and experiences with the inclusion of low or 
no-cost homework platforms or mathematics software 
systems in a particular course. Presenters should attempt 
to address the effectiveness (formally or informally as-
sessed) of the adoption of such resources in their courses. 
Preference will be awarded to presentations from com-
munity college and four-year undergraduate institutions.

Assessment in Distance Learning Environments, 
organized by Miriam Harris-Botzum, Lehigh Carbon 
Community College; William O. Martin, North Dakota 
State University; Sarah Cook, Washburn University; and 
Semra Kilic-Bahi, Colby–Sawyer College; Wednesday after-
noon. As academic institutions try to meet an increasing 
demand for online degrees, programs, and courses, the 
need to develop effective assessment methods and tools 
is becoming urgent. For this session, we invite presenta-
tions addressing any of the following topics: the learning 
outcome differences for online courses and face-to-face 
courses; assessment of collaborative learning in distance 
learning environments; the challenges and opportunities 
distance learning environments present in terms of assess-
ment; effective assessment instruments and methods for 
online degree programs/courses. Sponsored by the MAA 
Assessment Committee.

The Creation and Implementation of Effective Home-
work Assignments, organized by Sarah Greenwald, Ap-
palachian State University; and Judy Holdener, Kenyon 
College; Saturday morning. With the use of online home-
work on the rise, many faculty members are concerned 
that online systems inevitably place less emphasis on the 
development of the students’ writing and in some cases 
critical thinking skills. Additionally, faculty struggle with 
the reality that the internet supplies students with free 
and easy access to many if not all solutions to homework 
problems in undergraduate math textbooks. In this session 
we hope to focus attention on the question “What makes 
a homework assignment in mathematics effective?” while 
addressing ways in which we might implement such ef-
fective assignments in our own classrooms. We especially 
encourage presentations that provide concrete examples 
of effective homework design with attention given to how 
the presented examples achieved the presenter’s desired 
learning goal(s). We welcome examples of all types of 
homework assignments from across the undergraduate 
mathematics curriculum, including online and traditional 
“paper-and-pencil” homework. Finally, we encourage  
presenters to discuss ways in which they were able to 
implement effective homework to overcome the chal-
lenges of student access to solutions and the limited time 
instructors have for grading. Papers from this session may 
be considered for a special issue of PRIMUS. Sponsored 
by Problems, Resources, and Issues in Undergraduate 
Mathematics Studies (PRIMUS).

Cryptology for Undergraduates, organized by Robert 
Lewand, Goucher College; Joshua Holden, Rose-Hulman 

Institute of Technology; and Chris Christensen, Northern 
Kentucky University; Wednesday morning. Cryptology 
courses are now a part of the undergraduate mathemat-
ics curriculum. For mathematics majors, cryptology fits 
into the curriculum in much the same way that number 
theory does. In addition, cryptology is appearing as a topic 
in mathematics courses for non-majors, as it is a hook to 
interest these students in mathematics. This contributed 
paper session solicits presentations of cryptologic topics 
that would be of interest to faculty who teach undergradu-
ate cryptology courses or presentations of cryptologic 
topics that could be used in undergraduate courses. Pre-
sentations that describe classroom experiences and that 
report on their outcomes are invited.

Discrete Mathematics in the Undergraduate Cur-
riculum—Ideas and Innovations for Teaching, Orga-
nized by John S. Caughman, Portland State University; 
Elise Lockwood, Oregon State University; and Art Duval, 
University of Texas El Paso; Saturday afternoon. Discrete 
mathematics offers many accessible points of entry for 
students to engage in deep mathematical thinking. This 
is particularly true of counting problems, which have rich 
applications across mathematics as well as in allied fields 
such as probability and computer science. However, there 
is much evidence in the research literature that students 
struggle with discrete topics, and notably with counting 
problems. The aim of this session is for researchers and 
teachers to share ideas for how to improve the teaching 
and learning of discrete math at all undergraduate levels. 
We hope to facilitate communication between math edu-
cation researchers and those who teach these topics. We 
welcome scholarly presentations that speak to pedagogi-
cal aspects of discrete mathematics, which may include, 
but are not limited to: research on student thinking about 
combinatorial ideas, research demonstrating effective 
instructional strategies, innovative classroom activities 
or pedagogical interventions applied to combinatorics, 
or philosophies toward teaching discrete mathematics.

Do Mathematicians Really Need Philosophy? orga-
nized by Bonnie Gold, Monmouth University; and Carl 
Behrens, Alexandria VA; Saturday afternoon. Nobel 
physicist Steven Weinberg famously declared that phi-
losophers were useful to him only to defend him from 
other philosophers. Weinberg was complaining mostly 
about logical positivists, who don’t seem to deal with 
mathematics much. But the philosophy of mathematics 
is a battleground for a number of warring schools, most 
prominently Platonists and constructivists. Does a practic-
ing mathematician have to choose which school to join? 
Philosophical questions have been shown to have a huge 
positive effect in the teaching of mathematics, but need 
they come up during the development of a new branch 
of mathematics? Philosophy of mathematics has recently 
seen a movement toward "pluralism": let's accept every-
one's philosophies, no matter how contradictory they 
may be. Is that a useful trend? Is it just a futile attempt to 
sweep a problem under the rug? This session will give a 
forum for views from all sides of the issue, whether from 
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the perspective of doing mathematical research, teaching 
mathematics, or more general philosophical fruitfulness. 
Other topics on the philosophy of mathematics will be 
considered as time allows. Sponsored by the POM SIGMAA.

Humanistic Mathematics, organized by Eric S. Mar-
land, Appalachian State University; and Gizem Karaali, 
Pomona College; Thursday afternoon. The phrase ''Hu-
manistic mathematics,’’ coined about thirty years ago, 
awakens many different connotations in those who hear 
it. As a scholarly perspective, humanistic mathematics 
describes an approach to mathematics that views it as a 
human endeavor and focuses on the paths of inquiry that 
study it’s aesthetic, cultural, historical, literary, pedagogi-
cal, philosophical, psychological, and sociological aspects. 
As a pedagogical stance, humanistic mathematics explores 
and builds on the relationship of mathematics with its 
nontraditional partners in the humanities, the fine arts, 
and social sciences, providing additional perspective for 
the role of mathematics in a liberal arts education. Sub-
missions on all humanistic aspects of mathematics are 
invited. We are especially looking for submissions that 
will stimulate discussion and further inquiry related to 
collegiate mathematics in the first two years. Submis-
sions should be aimed at a broad mathematical audience. 
Sponsored by the MAA Committee on Curriculum Renewal 
Across the First Two Years (CRAFTY) and the Journal of 
Humanistic Mathematics.

Humor and Mathematics, Organized by Debra K. 
Borkovitz, Wheelock College; Gizem Karaali, Pomona Col-
lege; Semra Kilic-Bahi, Colby-Sawyer College; and Cesar 
Martínez-Garza, Penn State Berks; Friday morning. Accord-
ing to John Allen Paulos, both mathematics and humor 
are forms of intellectual play; logic, pattern, rules and 
structure are essential to both humor and mathematics. 
Humor is also a powerful teaching tool. This session will 
showcase scholarship that explores the broad spectrum 
of the relationship between mathematics and humor. We 
welcome submissions that focus on strategies for using 
humor in the classroom, analyses of the mathematics of 
jokes, discussions of ways humor helps mathematicians 
work together, and investigations of how negative humor 
about mathematics in the popular culture influences stu-
dents' perceptions of the subject.

Incorporating Big Data Ideas in the Mathematics 
and Statistics Classroom, organized by Sue Schou, Idaho 
State University; Stacey Hancock, University of California, 
Irvine; and Patti Frazer Lock, St. Lawrence University; 
Thursday afternoon. The term “Big Data” is everywhere 
in the media and many available jobs for mathematics 
and statistics majors require experience working with big 
or “biggish” data. This session invites both mathematics 
and statistics instructors to share examples of how they 
include big data concepts in their courses. Presentations 
should include discussion of concepts related to big data, 
how the presenter incorporated these concepts into course 
work, in which course they were included, and how they 
fit with typical course topics. Evidence that the inclusion 

of large data topics has aided students in their future 
career paths is welcome. Sponsored by the SIGMAA on 
Statistics Education.

Innovative and Effective Ways to Teach Linear Alge-
bra, organized by Megan Wawro, Virginia Tech; Gil Strang, 
MIT; and David Strong, Pepperdine University; Friday 
morning. Linear algebra is one of the most interesting and 
useful areas of mathematics, because of its beautiful and 
multifaceted theory, as well as the enormous importance 
it plays in understanding and solving many real world 
problems. Consequently, many valuable and creative 
ways to teach its rich theory and its many applications 
are continually being developed and refined. This session 
will serve as a forum in which to share and discuss new or 
improved teaching ideas and approaches. These innovative 
and effective ways to teach linear algebra include, but are 
not necessarily limited to: (1) hands-on, in-class demos; 
(2) effective use of technology, such as MATLAB, MAPLE, 
MATHEMATICA or FLASH; (3) interesting and enlightening 
connections between ideas that arise in linear algebra and 
ideas in other mathematical branches; (4) interesting and 
compelling examples and problems involving particular 
ideas being taught; (5) comparing and contrasting visual 
(geometric) and more abstract (algebraic) explanations of 
specific ideas; (6) other novel and useful approaches or 
pedagogical tools.

Innovative Strategies to Inspire & Prepare Potential 
STEM Majors Who Are Not Yet Ready for Calculus, 
organized by Rebecca Hartzler, Seattle Central College; 
Suzanne I. Doree, Augsburg College; Frank Savina, 
University of Texas at Austin; and Michael Oehrtman, 
Oklahoma State University; Thursday afternoon. Many 
students enter college interested in science, technology, 
engineering, and mathematics (STEM) but then switch to 
non-STEM majors. Retaining STEM-interested students in 
STEM fields depends in part on student’s experience in 
mathematics, especially for students who enter college 
not yet ready for calculus. Many colleges and universities 
are experimenting with new or renewed curricula to sup-
port the success of underprepared students interested 
in STEM. This session highlights novel, research-based 
methods for teaching precalculus content that show 
evidence of success. Presentations may illustrate new 
approaches to content, successful pedagogy, or engaging 
activities. Talks may describe successful implementation 
of innovative precalculus courses, integrated precalculus/ 
calculus, pre-calculus pathways for students interested in 
STEM, or other alternatives. Examples of student support, 
peer tutoring, advising, or placement structures are also 
appropriate, particularly those proven successful with 
students from traditionally underrepresented groups 
in STEM. Talks on effective strategies to assess student  
learning or other outcomes in precalculus are also wel-
come. Faculty from two-year colleges are especially en-
couraged to present. Sponsored by the MAA Committee on 
Curriculum Renewal Across the First Two Years (CRAFTY).

Innovative Teaching through Recreational Math-
ematics, organized by Matthew Jura, Manhattan College; 
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Tyler Markkanen, Springfield College; and Oscar Levin, 
University of Northern Colorado; Wednesday morning. 
Puzzles, games and mathematical magic tricks can illus-
trate some of the amusing ways mathematics can be used 
in everyday life. These recreational uses of mathematics 
often conceal deep content and so can be used to intro-
duce topics throughout the undergraduate curriculum. 
In this session we invite presentations sharing innovative 
uses of recreational mathematics which illustrate and 
illuminate non-recreational topics in math, demonstrat-
ing deeper mathematical concepts. Talks should present 
ways in which fun math projects can be incorporated into 
lessons or activities, and ideally include an evaluation of 
the projects or evidence that they were successful; live 
demonstrations are welcome. Applications to both devel-
opmental mathematics courses and those for majors are 
encouraged.

Inquiry-Based Teaching and Learning, Organized by 
Brian P. Katz, Augustana College; Judith Covington, Loui-
siana State University in Shreveport; Theron Hitchman, 
University of Northern Iowa; Angie Hodge, University 
of Nebraska–Omaha; Alison Marr, Southwestern Univer-
sity; and Victor Piercey, Ferris State University; Friday 
afternoon. The goal of Inquiry-Based Learning (IBL) is 
to transform students from consumers to producers of 
mathematics. Inquiry-based methods aim to help students 
develop a deep understanding of mathematical concepts 
and the processes of doing mathematics by putting those 
students in direct contact with mathematical phenomena, 
questions, and communities. Within this context, IBL meth-
ods exhibit great variety. Activities can take place in single 
class meetings and span entire curricula for students of 
any age; students can be guided to re-invent mathemati-
cal concepts, to explore definitions and observe patterns, 
to justify core results, and to take the lead in asking new 
questions. There is a growing body of evidence that IBL 
methods are effective and important for teaching math-
ematics and for fostering positive attitudes toward the 
subject. This session invites scholarly presentations on the 
use of inquiry-based methods for teaching and learning. 
We especially invite presentations that include successful 
IBL activities or assignments,that support observations 
about student outcomes with evidence, or that could 
help instructors who are new to IBL to try new methods. 
Sponsored by the SIGMAA IBL.

Integrating Research into the Undergraduate Class-
room, organized by Timothy B. Flowers, Indiana Univer-
sity of Pennsylvania; and Shannon R. Lockard, Bridgewa-
ter State University; Thursday morning. Undergraduate 
Research is a high-impact practice that inspires student 
learning, builds crucial skills, boosts retention and 
graduation rates, and particularly benefits underrepre-
sented and at-risk students. While students often engage 
in undergraduate research outside of the classroom, 
incorporating research projects into the classroom can 
bring this impactful experience to even more students. 
This session will focus on incorporating research into the 
undergraduate classroom, from introductory to upper 
level mathematics courses. Presentations may describe a 

particular research project or activity, faculty experiences 
in mentoring undergraduate research in the classroom, or 
student experiences and feedback. All talks should em-
phasize why the project(s) being discussed is considered 
undergraduate research rather than a typical assignment. 
Participants are encouraged to share the impact on the 
students involved if possible.

Intertwining Mathematics with Social Justice in the 
Classroom, organized by Joanna Wares, University of 
Richmond; Carl Yerger, Davidson College; Zeynep Tey-
muroglu, Rollins College; and Catherine Buell, Fitchburg 
State University; Saturday morning. Many students are 
unaware that mathematics can be used to inspire social 
change. How can we teach mathematics in ways that are 
socially and culturally relevant to our students who live 
and learn in diverse communities? What are the advan-
tages of using social justice topics to deepen our students' 
understanding of mathematical concepts? Speakers in 
our session will address these questions by presenting 1) 
materials directly related to combining mathematics and 
social justice in the classroom, the curriculum, and/or in 
pedagogical approaches or 2) by presenting classroom 
experiences which have made higher ed mathematics 
culturally and socially relevant for students today. Papers 
from the session may be considered for a special issue of 
PRIMUS on the mathematics for social justice. Sponsored 
by Problems, Resources, and Issues in Undergraduate 
Mathematics Studies (PRIMUS).

Mathematical Technology in the Calculus Classroom, 
organized by Joel Kilty and Alex M. McAllister, Centre 
College; Thursday morning. The modern calculus class-
room often employs technology to enrich the learning 
process and to help bring the ideas to life. Many types 
of mathematical software and physical platforms are 
available to instructors and they can be deployed in a 
myriad of different ways. However, many instructors 
have questions about how best to utilize technology and 
which software best suits their needs. This session invites 
academic instructors to share their pedagogical perspec-
tives on technology choices for their calculus classroom, 
how they effectively incorporate technology to increase 
student understanding, and a candid assessment of both 
the advantages and disadvantages of their choices.

Mathematics and the Arts, organized by Douglas 
Norton, Villanova University; Wednesday morning. This 
session invites participation by those involved in research, 
creative exploration, or pedagogical innovation in the in-
creasingly active area of intersection between Mathematics 
and the Arts. Whether you are an artist who incorporates 
mathematical themes into your work, a mathematician 
who considers the aesthetic aspects of your mathemati-
cal interests, an instructor who broadens the definitions 
of mathematical and artistic instruction by blurring the 
boundaries between the two, or an active participant in 
these areas without accepting the restrictions of this cat-
egorization, we invite you to share your experiences with 
others who have either newfound or long-standing similar 
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interests. Sponsored by the SIGMAA on Mathematics and 
the Arts.

Mathematics and Sports, organized by Drew Pasteur, 
College of Wooster; and John David, Virginia Military In-
stitute; Wednesday afternoon. The expanding availability 
of play-by-play statistics and video-based spatial data, 
for professional and some collegiate sports, is leading to 
innovative kinds of research, using techniques from vari-
ous areas of the mathematical sciences. By modeling the 
outcome distributions in certain situations, researchers 
can develop new metrics for player or team performance 
in various aspects of a sport, comparing actual results to 
expected values. Such work often has implications for stra-
tegic game management and personnel evaluation. Classic 
areas of study, such as tournament design, ranking meth-
odology, forecasting future performance, insight into rare 
or record events, and physics-based analysis, also remain 
of interest. This session will include both presentations 
of original research and expository talks; topics related to 
the use of sports applications in curriculum are welcome. 
With a broad audience in mind, all talks are requested to 
be accessible to mathematics majors. Undergraduates 
and their mentors are particularly encouraged to submit 
abstracts for consideration.

Mathematics Experiences and Projects in Business, 
Industry, and Government, organized by Allen Butler, 
Daniel H. Wagner Associates, Inc.; Friday morning.The 
MAA Business, Industry and Government Special Interest 
Group (BIG SIGMAA) provides resources and a forum for 
mathematicians working in Business, Industry and Govern-
ment (BIG) to help advance the mathematics profession by 
making connections, building partnerships, and sharing 
ideas. BIG SIGMAA consists of mathematicians in BIG as 
well as faculty and students in academia who are work-
ing on BIG problems. Mathematicians, including those 
in academia, with BIG experience are invited to present 
papers or discuss projects involving the application of 
mathematics to BIG problems. The goal of this contributed 
paper session is to provide a venue for mathematicians 
with experience in business, industry, and government 
to share projects and mathematical ideas in this regard. 
Anyone interested in learning more about BIG practitio-
ners, projects, and issues, will find this session of interest. 
Sponsored by the BIG SIGMAA.

Meaningful Modeling in the First Two Years of Col-
lege, organized by Stuart Boersma, Central Washington 
University; and Jason Douma, University of Sioux Falls; 
Thursday morning. Most major mathematical organiza-
tions, including the MAA in its 2015 CUPM Curriculum 
Guide, have encouraged programs to incorporate modeling 
at all levels of the mathematics curriculum, including the 
first two years of undergraduate coursework. There are 
good reasons to include modeling experiences in the first 
two years. These opportunities allow students majoring 
in mathematics to gain experience with an important (and 
often challenging) approach to problem-solving that will 
benefit them later in their coursework and careers, and 
all students—regardless of major—may find that they  

appreciate the role and value of mathematics more deeply 
by applying it to meaningful situations. This session 
welcomes papers that describe substantive mathematical 
modeling experiences for students who would typically 
be in their first two years as an undergraduate student, 
including (but not limited to) courses for non-majors and 
courses that do not have calculus as a prerequisite. Ide-
ally, papers should also evaluate the effectiveness of the 
approach being taken. Sponsored by MAA Mathematics 
Across the Disciplines (MAD) Subcommittee and the MAA 
Curriculum Renewal Across the First Two Years (CRAFTY) 
Subcommittee.

Methods of Engaging Math Learners with Physical 
Impairments, organized by Rebekah Gilbert and Steven 
Schluchter, George Mason University; Thursday after-
noon. Before the start of the semester, you find out that 
a blind student is registered for your class, and you are 
responsible for making mathematics accessible. None of 
your previous training or experience has prepared you 
for the challenges ahead, and there do not seem to be 
many resources available. The purpose of this session is 
to collect the knowledge on this subject and disseminate 
teaching and learning strategies for helping students who 
have physical impairments (blindness, deafness, mobility 
impairments, etc.). We seek presentations that treat prob-
lems and solutions arising from these situations, which 
include, but are not limited to, efforts in Universal Design. 
We encourage talks that describe innovative ways to use 
technology to help math students with physical impair-
ments. Large and small case studies are welcome. All talks 
should be scholarly in nature.

Modern Data Sets for the Intro Statistics Classroom 
and Beyond, organized by Sue Schou, Idaho State Uni-
versity; Stacey Hancock, University of California, Irvine; 
and Patti Frazer Lock, St. Lawrence University; Friday 
afternoon. The newly revised 2016 Guidelines for Assess-
ment and Instruction in Statistics Education (GAISE) report 
continues to encourage the use of real data sets and active 
learning in statistics courses. This session focuses on re-
cent, relevant, real data and its use in enhancing student 
engagement in statistics and data science classrooms at 
all levels. Presentations should discuss innovative use of 
modern, recent data, beyond those found in statistics edu-
cation repositories, in teaching statistics as well as how the 
activity with the data enhances student learning. A wide 
variety of data sources are encouraged including those 
from health care, finance, politics, social justice, sports, 
etc. All presentations should provide participants with 
either the data set or the data source and a take away on 
how to incorporate its use in a statistics class. Sponsored 
by the SIGMAA on Statistics Education.

PIC Math and Preparing Students for Nonacademic 
Careers, organized by Suzanne Weekes, Worcester 
Polytechnic Institute; Michael Dorff, Brigham Young 
University; and Elly Farnell, Kenyon College; Saturday 
morning. PIC Math (Preparation for Industrial Careers in 
Mathematical Sciences) is an NSF-funded program of the 
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MAA and SIAM that prepares students in mathematics and 
statistics to succeed in careers in nonacademic careers. 
The program has prepared materials and videos for a 
semester-long course in which students learn skills and 
work on research problems from industry. This session 
will have speakers talk about their experience in PIC Math 
or similar programs. Topics could include how to organize 
a semester course centered on solving research problems 
from industry, how to prepare students for nonacademic 
careers, how to initiate contact with local industries to 
get research problems, how to develop internship oppor-
tunities for students, and examples of specific research 
problems from industry students could work on and how 
they could be solved. Sponsored by the MAA BIG commit-
tee, BIG SIGMAA, and SIAM.

Preparing Pre-service and In-service Teachers to Sup-
port the Common Core State Standards Assessments, 
organized by Bonnie Gold, Monmouth University; Karen 
Morgan, New Jersey City University; and Gulden Karakok, 
University of Northern Colorado; Friday afternoon. States 
are starting to implement the assessments for the Com-
mon Core State Standards for Mathematics. Many teachers 
feel the need for additional support to teach mathematics 
in ways that adequately prepare their students for these 
assessments. This session seeks reports of mathematics 
faculty experiences with their departments’ implementa-
tion of the CCSS mathematics standards with a focus on 
the requirements of new assessments. We invite contrib-
uted papers describing efforts, including evidence of their 
impact, that(a) Investigate how well their math education 
candidates are prepared with the knowledge and skills nec-
essary to help their students meet the CCSS for mathemat-
ics content and practices;(b) Partner with K-12 educators 
to focus on the implications related to the assessments 
(such as PARCC and Smarter Balanced) being used;(c) 
Develop in-service offerings to better prepare current 
teachers to effectively instruct in ways consonant with the 
CCSS-M; or(d) Discuss changes mathematics departments 
have made to their programs implementing the CCSS and 
assessments for the mathematical education of teachers.

Preserving and Writing the History of Mathemat-
ics Departments, organized by Toke Knudsen, SUNY 
Oneonta; and Lawrence D'Antonio, Ramapo College; 
Friday morning. Many mathematics departments at US 
colleges and universities have long and interesting histo-
ries, including the presence of notable faculty members. 
However, these histories are often not well known. This 
session intends to highlight work that has been done on 
local departments; in particular, for the MAA centennial, 
work on the sections was undertaken, which led to work 
being done on local departments. The presentations are 
meant not only to showcase the work that has been done, 
but also to highlight how to best proceed in order to 
document a department's history. As such, the session is 
meant to provide inspiration for researching and writing 
the history of mathematics departments. Sponsored by 
the HOM SIGMAA.

Proofs and Mathematical Reasoning in the First Two 
Years of College, organized by Dean Gooch, Santa Rosa 

Junior College; Chris Oehrlein, Oklahoma City Community 
College; and Joanne Peeples, El Paso Community College; 
Thursday morning. As more students begin their college 
education at a two-year college before transferring to a 
Bachelor’s degree program, it is increasingly important 
to ensure that students choosing to major in mathemat-
ics are adequately prepared for the rigor of advanced 
mathematics courses. In particular, they will need to read, 
comprehend and write proofs. Most standard calculus 
sequences do not or cannot provide the needed prepara-
tion because they must serve a significantly diverse set 
of majors. Therefore many Bachelor degree programs in 
mathematics require an “Introduction to Proofs” style 
course that mathematics majors must take. This kind of 
course is not currently offered in most two-year college 
mathematics programs. We invite faculty from two and 
four-year institutions to share: 1. Introduction to Proofs 
and Mathematical Reasoning courses for students who 
have had a year of calculus and intend to take upper divi-
sion mathematics courses; 2. Methods of integrating the 
teaching and practice of proof-writing for mathematics 
majors into standard first and second-year mathemat-
ics courses; or 3. Collaborative efforts between two and 
four-year institutions to create or facilitate transfer of 
Introduction to Proof and Mathematical Reasoning courses 
or course equivalents. Sponsored by the MAA Committee 
on Two-Year Colleges.

Research in Undergraduate Mathematics Education 
(RUME), organized by Karen Keene, North Carolina State 
University; and Megan Wawro, Virginia Tech; Thursday 
morning and afternoon. This session presents research 
reports on undergraduate mathematics education. The 
session will feature research in a number of mathematical 
areas including calculus, linear algebra, advanced calcu-
lus, abstract algebra, and mathematical proof. The goals 
of this session are to foster high quality research in un-
dergraduate mathematics education, to disseminate well 
designed educational studies to the greater mathemat-
ics community, and to transform theoretical work into  
practical consequences in college mathematics. Examples 
of such types of research include rigorous and scientific 
studies about students’ mathematical cognition and rea-
soning, teaching practice in inquiry- oriented mathematics 
classrooms, design of research- based curricular materials, 
and professional development of mathematics teachers, 
with intention to support and advance college students’ 
mathematical thinking and activities. The presentation 
should report results of completed research that builds 
on the existing literature in mathematics education and 
employs contemporary educational theories of the teach-
ing and learning of mathematics. The research should use 
well established or innovative methodologies (e.g., design 
experiment, classroom teaching experiment, and clinical 
interview, with rigorous analytic methods) as they pertain 
to the study of undergraduate mathematics education. We 
also welcome preliminary reports on research projects in 
early stages of development or execution. Sponsored by 
the SIGMAA RUME.
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Revitalizing Complex Analysis, organized by Russell W. 
Howell, Westmont College; and Paul Zorn, St. Olaf Col-
lege; Friday morning. Papers at this session should be 
scholarly in nature, and collectively address a wide-range 
of questions: What are the essential components of an 
undergraduate complex analysis class from mathematical 
and scientific standpoints? What technologies seem to be 
promising? What pedagogical ideas have borne fruit? What 
interesting projects have worked well for student inves-
tigation? In general, what innovative approaches might 
be suggested in teaching the subject? Presentations that 
include evidence of success or failure in the classroom 
are preferred.

The Scholarship of Teaching and Learning in Col-
legiate Mathematics, organized by Jacqueline Dewar, 
Loyola Marymount University; Thomas Banchoff, Brown 
University; Curtis Bennett, Loyola Marymount University; 
Pam Crawford, Jacksonville University; and Edwin Her-
man, University of Wisconsin-Stevens Point; Wednesday 
morning and afternoon. In the scholarship of teaching 
and learning, faculty bring disciplinary knowledge to bear 
on questions of teaching and learning and systematically 
gather evidence to support their conclusions. Work in 
this area includes investigations of the effectiveness of 
pedagogical methods, assignments, or technology, as well 
as inquiries into student understanding. The goals of this 
session are to: (1) feature scholarly work focused on the 
teaching of postsecondary mathematics, (2) provide a 
venue for teaching mathematicians to make public their 
scholarly investigations into teaching/learning and (3) 
highlight evidence-based arguments for the value of teach-
ing innovations or in support of new insights into student 
learning. Appropriate for this session are preliminary or 
final reports of post-secondary classroom-based investi-
gations of teaching methods, student learning difficul-
ties, curricular assessment, or insights into student (mis)
understandings. Abstracts should have a clearly stated 
question that was or is under investigation and should 
indicate the type of evidence that has been gathered and 
will be presented. For example, papers might reference 
the following types of evidence: student work, participa-
tion or retention data, pre/post-tests, interviews, surveys, 
think-alouds, etc.

Successful Implementation of Innovative Models 
for Developmental and General Education Mathemat-
ics, organized by Christopher Oehrlein, Oklahoma City 
Community College; Phil Mahler, Middlesex Community 
College; Tom Hagedorn, The College of New Jersey; and 
Christina H. Lee, Oxford College of Emory University; 
Thursday afternoon. The need for basic statistical knowl-
edge and quantitative skills for more students has put a 
focus on math preparation curricula in the first two-years 
of college. However, poor success rates in math prereq-
uisite sequences, especially developmental mathematics, 
have come under national scrutiny. Because of this spot-
light on introductory-level mathematics, efficient path-
ways to meet academic goals have been sought by many 
in the mathematics community and demanded by many 

boards and state legislatures. Presentations are invited 
on successful implementation of nationally known accel-
eration efforts, innovative curricula, co-requisite course 
or lab models, paired courses, mentoring programs, and 
support or bridge courses that are effective and efficient 
in getting students to and through gateway mathemat-
ics courses. The session also invites presentations on 
changes in developmental mathematics courses that have 
increased success rates in subsequent courses, such as 
calculus. Presentations should summarize the changes 
made, and include a report with specific evidence of the 
effect on student learning and success. Sponsored by the 
MAA Committee on Two-Year Colleges.

Teaching Abstract Algebra: Topics and Techniques, 
organized by Kristi Meyer, Wisconsin Lutheran College; 
and Jessie Lenarz, St. Catherine University; Wednesday 
afternoon. Abstract algebra is a core component of the 
mathematics curriculum. It is often one of the more 
theoretical courses taken by undergraduate students, 
making it challenging for students who are not familiar 
or comfortable with this level of abstraction. In this ses-
sion, we invite papers and scholarly presentations which 
share and discuss innovative ideas and approaches to 
improve the teaching and learning of abstract algebra at 
the undergraduate or beginning graduate level. These in-
novative approaches may include, but are not limited to, 
inquiry-based learning, mathematical writing, integration 
of technology, projects, and alternative methods of assess-
ment. Reports on student outcomes and the effectiveness 
of the approaches presented are encouraged.

The Teaching and Learning of Undergraduate Ordi-
nary Differential Equations, organized by Christopher S. 
Goodrich, Creighton Preparatory School; and Beverly H. 
West, Cornell University; Saturday afternoon. The teaching 
of undergraduate Ordinary Differential Equations (ODEs) 
provides a unique way to introduce students to the beauty 
and applicative power of the calculus. ODEs are also 
rich with aesthetically pleasing theory, which often can  
be successfully communicated visually and explored 
numerically. This session will feature talks that describe 
innovative teaching in the ODEs course as well as the de-
scription of either projects or pedagogy that can be used 
to engage students in their study of ODEs. Successful 
contributions could include but are not limited to:

(1) innovative ways of teaching standard topics in the 
ODEs course;

(2) strategies for teaching both differential equations 
and linear algebra simultaneously;

(3) the inclusion of technology in the ODEs course; and
(4) descriptions of applications or nonstandard topics 

and how such topics can lead to student engagement and 
interest.

In addition, contributors should include some discus-
sion of the success of their methods, such as in what ways 
the activity or method under discussion has improved 
student learning, retention, or interest in the differential 
equations course. Sponsored by the Community of Ordi-
nary Differential Equations Educators (CODEE).
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Trends in Undergraduate Mathematical Biology Edu-
cation, organized by Timothy D. Comar, Benedictine Uni-
versity; and Daniel Hrozencik, Chicago State University; 
Friday afternoon. Several recent reports emphasize that 
aspects of biological research are becoming more quanti-
tative. Consequently, life science students, including pre-
med students, should be introduced to a greater array of 
mathematical, statistical, and computational techniques 
and to the integration of mathematics and biological con-
tent at the undergraduate level. Mathematics majors also 
benefit from coursework at the intersection of mathemat-
ics and biology because there are interesting, approachable 
research problems, and mathematics students need to be 
trained to collaborate with scientists in other disciplines, 
particularly biology. Topics may include scholarly work 
addressing the issues related to the design of effective 
biomathematics course content, courses and curricula, the 
integration of biology into mathematics courses, student 
recruitment efforts, the gearing of content toward pre-
¬med students, undergraduate research projects, effective 
use of technology in biomathematics courses, preparation 
for graduate work in biomathematics and computational 
biology or for medical careers, and assessment issues. 
Sponsored by the SIGMAA on Mathematical and Compu-
tational Biology.

Unexpected Topics for a Math Circle, organized by 
Robert M. Klein, Ohio University, and Phillip Yasskin, 
Texas A&M University; Friday morning. While many math 
circle session topics have become well used and well 
known, presenters will share session topics that focus on 
areas, fields, or contexts not typical in math circles. Top-
ics might include art, scientific applications, literature, 
or other surprising contexts. Sponsored by the SIGMAA 
MCST.

Women in Mathematics, organized by Semra Kilic-
Bahi, Colby-Sawyer College; Meghan De Witt, St. Thomas 
Aquinas College; and Kim Roth, Juniata College; Saturday 
afternoon. As women remain underrepresented in the 
mathematical sciences and STEM workforce, intentional 
efforts need to be continued to close the gender dispar-
ity. For this session, we invite presentations that focus on: 
programs that target, recruit, and retain women and girls 
in the study of mathematical sciences; the engagement of 
women and girls in mathematics through extracurricular 
activities and outreach efforts; course materials developed 
specifically to emphasize the contribution of women in 
mathematics and STEM related fields; and effective  men-
toring programs that support women throughout their 
academic and professional experiences.

General Contributed Paper Sessions, organized by 
Emelie Kenney, Siena College; Kimberly Presser, Ship-
pensburg University; and Melvin Royer, Indiana Wesleyan 
University; Wednesday, Thursday, Friday, and Saturday, 
mornings and afternoons. These sessions accept con-
tributions in all areas of mathematics, curriculum, and 
pedagogy. When you submit your abstract you will be  
asked to classify it according to the following scheme: 

Algebra; Analysis; Applied Mathematics; Assess- 
ment; Geometry; Graph Theory; History or Philosophy 
of Mathematics; Interdisciplinary Topics in Mathemat-
ics; Linear Algebra; Logic and Foundations; Mathematics 
and Technology; Mentoring; Modeling and Applica- 
tions; Number Theory; Outreach; Probability and Statistics; 
Teaching and Learning Advanced Mathematics; Teaching 
and Learning Calculus; Teaching and Learning Develop-
mental Mathematics; Teaching and Learning Introductory 
Mathematics; Topology; or Other. 

An Electronic Poster Session
Me and My Gadgets—Teaching with Technology, orga-
nized by Karl R. B. Schmitt, Valparaiso University; John 
Travis, Mississippi College; Thomas Hagedorn, The Col-
lege of New Jersey; and Michael Scott, California State 
University at Monterey Bay; Saturday morning. Constantly 
changing technology presents an exciting and shifting op-
portunity to engage students and improve learning. This 
electronic poster session will consist of live, interactive 
demonstrations of applets, widgets or other technology 
for teaching mathematics. Rather than preparing a tradi-
tional printed poster, presenters will showcase how stu-
dents engage mathematics through their application using 
some electronic device such as a tablet, smartphone, or 
laptop. Preference will be given to presenters demonstrat-
ing their own or new applications or to novel approaches 
in using existing ones.

In addition to the active displays, all participants will 
give a 3-5 minute “Lightning Talk” to demonstrate their 
application, highlighting where it fits into a mathematics 
curriculum. These will be scheduled in the middle of the 
session, and included in the program.

Abstracts should include a short description of the 
application/software (or a web-link to it) and explain the 
pedagogical use of the application.

Sponsored by the MAA Committee for Technology in 
Mathematics Education (CTiME) and Web SIGMAA.

Submission Procedures for MAA Contributed 
Paper Abstracts
Abstracts may be submitted electronically at 
jointmathematicsmeetings.org/meetings/abstracts/
abstract.pl?type=jmm. Simply fill in the number of 
authors, click “New Abstract”, and then follow the step-by-
step instructions. The deadline for abstracts submission 
is Tuesday, September 20, 2016.

Each participant may make at most one presentation in 
an MAA Contributed Paper Session, either a presentation 
in one of the themed sessions or a presentation in one of 
the general sessions. If your paper cannot be accommo-
dated in the themed session for which it was submitted, 
it will automatically be considered for the general con-
tributed paper sessions. The organizer(s) of your session 
will automatically receive a copy of the abstract, so it is 
not necessary for you to send it directly to the organizer. 
All accepted abstracts are published in a book that is 
available to registered participants at the meeting. The 
session rooms are equipped with computer projectors and 
screens. Please note that the dates and times scheduled 
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for these sessions remain tentative. Questions concern-
ing the submission of abstracts should be addressed to 
abs-coord@ams.org.

Charleston, South 
Carolina
College of Charleston

March 10–12, 2017
Friday – Sunday

Meeting #1126
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 10, 2016
For abstracts: January 17, 2017
The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Pramod N. Achar, Louisiana State University, Title to 

be announced.
Hubert Bray, Duke University, Title to be announced.
Alina Chertock, 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.

Commutative Algebra (Code: SS 1A), Bethany Kubik, 
University of Minnesota Duluth, Saeed Nasseh, Georgia 
Southern University, and Sean Sather-Wagstaff, Clemson 
University.

Data Analytics and Applications (Code: SS 2A), Scott C. 
Batson, Lucas A. Overbuy, and Bryan Williams, Space 
and Naval Warfare Systems Center Atlantic.

Bloomington, Indiana
Indiana University

April 1–2, 2017
Saturday – Sunday

Meeting #1127
Central Section
Associate secretary: Georgia Benkart

Announcement issue of Notices: February 2017
Program first available on AMS website: February 23, 2017
Issue of Abstracts: Volume 38, Issue 2

Deadlines
For organizers: September 1, 2016
For abstracts: February 7, 2017

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 ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Automorphic Forms and Algebraic Number Theory 
(Code: SS 2A), Patrick B. Allen, University of Illinois at 
Urbana-Champaign, and Matthias Strauch, Indiana Uni-
versity Bloomington.

Computability and Inductive Definability over Structures 
(Code: SS 3A), Siddharth Bhaskar, Lawrence Valby, and 
Alex Kruckman, Indiana University.

Discrete Structures in Conformal Dynamics and Geom-
etry (Code: SS 5A), Sarah Koch, University of Michigan,   
Kevin Pilgrim and Dylan Thurston, Indiana University.

Randomness in Complex Geometry (Code: SS 1A), Tur-
gay Bayraktar, Syracuse University, and Norman Leven-
berg, Indiana University.

Spectrum of the Laplacian on Domains and Manifolds 
(Code: SS 4A), Chris Judge and Sugata Mondal, Indiana 
University.

Pullman, Washington
Washington State University

April 22–23, 2017
Saturday – Sunday

Meeting #1128
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: February 2017
Program first available on AMS website: March 9, 2017
Issue of Abstracts: Volume 38, Issue 2

Deadlines
For organizers: September 22, 2016
For abstracts: February 28, 2017

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  
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abstract submission form found at www.ams.org/cgi-
bin/abstracts/abstract.pl.

Fixed Point Methods in Differential and Integral Equa-
tions (Code: SS 1A), Theodore A. Burton, Southern Illinois 
University in Carbondale.

Inverse Problems (Code: SS 2A), Hanna Makaruk, Los 
Alamos National Laboratory (LANL), and Robert Owcza-
rek, University of New Mexico, Albuquerque & Los Alamos.

New York, New York
Hunter College, City University of New 
York

May 6–7, 2017
Saturday – Sunday

Meeting #1129
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: March 2017
Program first available on AMS website: March 22, 2017
Issue of Abstracts: Volume 38, Issue 2

Deadlines
For organizers: October 6, 2016
For abstracts: March 14, 2017

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

Invited Addresses
Jeremy Kahn, City University of New York, Title to be 

announced.
Fernando Codá Marques, Princeton University, Title to 

be announced.
James Maynard, Magdalen College, University of Ox-

ford, Title to be announced (Erdős Memorial Lecture).
Kavita Ramanan, Brown University, Title to be an-

nounced.

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

Commutative Algebra (Code: SS 1A), Laura Ghezzi, 
New York City College of Technology-CUNY, and Jooyoun 
Hong, Southern Connecticut State University.

Cryptography (Code: SS 3A), Xiaowen Zhang, College 
of Staten Island and Graduate Center-CUNY.

Geometry and Topology of Ball Quotients and Related 
Topics (Code: SS 5A), Luca F. Di Cerbo, Max Planck Insti-
tute, Bonn, and Matthew Stover, Temple University.

Infinite Permutation Groups, Totally Disconnected Lo-
cally Compact Groups, and Geometric Group Theory (Code: 
SS 4A), Delaram Kahrobaei, New York City College of 

Technology and Graduate Center-CUNY, and Simon Smith, 
New York City College of Technology-CUNY.

Recent Advances in Function Spaces, Operators and 
Nonlinear Differential Operators (Code: SS 2A), David 
Cruz-Uribe, University of Alabama, Jan Lang, The Ohio 
State University, and Osvaldo Mendez, University of Texas 
at El Paso.

Montréal, Quebec 
Canada
McGill University

July 24–28, 2017
Monday – Friday

Meeting #1130
The second Mathematical Congress of the Americas (MCA 
2017) is being hosted by the Canadian Mathematical Soci-
ety (CMS) in collaboration with the Pacific Institute for the 
Mathematical Sciences (PIMS), the Fields Institute (FIELDS), 
Le Centre de Recherches Mathématiques (CRM), and the 
Atlantic Association for Research in the Mathematical Sci-
ences (AARMS).
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: July 31, 2016
For abstracts: To be announced

Denton, Texas
University of North Texas

September 9–10, 2017
Saturday – Sunday

Meeting #1131
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: June 2017
Program first available on AMS website: July 27, 2017
Issue of Abstracts: Volume 38, Issue 3

Deadlines
For organizers: February 2, 2017
For abstracts: July 18, 2017

The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.
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Special Sessions
If you are volunteering to speak in a Special Session, you 
should send your abstract as early as possible via the ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Dynamics, Geometry and Number Theory (Code: SS 
1A), Lior Fishman and Mariusz Urbanski, University of 
North Texas.

Real-Analytic Automorphic Forms (Code: SS 2A), Olav K. 
Richter, University of North Texas, and Martin Westerholt-
Raum, Chalmers University of Technology.

Buffalo, New York
State University of New York at Buffalo

September 16–17, 2017
Saturday – Sunday

Meeting #1132
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: June 2017
Program first available on AMS website: August 3, 2017
Issue of Abstracts: Volume 38, Issue 3

Deadlines
For organizers: February 16, 2017
For abstracts: July 25, 2017

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

Invited Addresses
Inwon Kim, University of California at Los Angeles, 

Title to be announced.
Govind Menon, Brown University, Title to be announced.
Bruce Sagan, Michigan State University, Title to be an-

nounced.

Orlando, Florida
University of Central Florida, Orlando

September 23–24, 2017
Saturday – Sunday

Meeting #1133
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: June 2017
Program first available on AMS website: August 10, 2017
Issue of Abstracts: Volume 38, Issue 4

Deadlines
For organizers: February 23, 2017
For abstracts: July 25, 2017

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

Invited Addresses
Christine Heitsch, Georgia Institute of Technology, 

Title to be announced.
Jonathan Kujawa, University of Oklahoma, Title to be 

announced.
Christopher D. Sogge, Johns Hopkins 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 ab-
stract submission form found at www.ams.org/cgi-bin/
abstracts/abstract.pl.

Commutative Algebra: Interactions with Algebraic 
Geometry and Algebraic Topology (Code: SS 1A), Joseph 
Brennan, University of Central Florida, and Alina Iacob 
and Saeed Nasseh, Georgia Southern University.

Riverside, California
University of California, Riverside

November 4–5, 2017
Saturday – Sunday

Meeting #1134
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: September 2017
Program first available on AMS website: September 21,
2017
Issue of Abstracts: Volume 38, Issue 4

Deadlines
For organizers: April 14, 2017
For abstracts: September 12, 2017

Invited Addresses
Paul Balmer, University of California, Los Angeles, Title 

to be announced.
Paul Etingof, Massachusetts Institute of Technology, 

Title to be announced.
Monica Vazirani, University of California, Los Angeles, 

Title to be announced.

San Diego, California
San Diego Convention Center and  
San Diego Marriott Hotel and Marina

January 10–13, 2018
Wednesday – Saturday
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Meeting #1135
Joint Mathematics Meetings, including the 124th Annual 
Meeting of the AMS, 101st Annual Meeting of the Math-
ematical 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

Columbus, Ohio
Ohio State University

March 24–25, 2018
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

Portland, Oregon
Portland State University

April 14–15, 2018
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
The scientific information listed below may be dated. 
For the latest information, see www.ams.org/amsmtgs/
sectional.html.

Invited Addresses
Sándor Kovács, University of Washington, Seattle, Title 

to be announced.
Elena Mantovan, California Institute of Technology, 

Title to be announced.

Dmitri Shlyakhtenko, University of California, Los 
Angeles, 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.

Inverse Problems (Code: SS 2A), Hanna Makaruk, Los 
Alamos National Laboratory (LANL), and Robert Owcza-
rek, University of New Mexico, Albuquerque & Los Alamos.

Pattern Formation in Crowds, Flocks, and Traffic (Code: 
SS 1A), J. J. P. Veerman, Portland State University, Alethea 
Barbaro, Case Western Reserve University, and Bassam 
Bamieh, UC Santa Barbara.

Boston, 
Massachusetts
Northeastern University

April 21–22, 2018
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: September 21, 2017
For abstracts: March 6, 2018

Baltimore, Maryland
Baltimore Convention Center, Hilton  
Baltimore, and Baltimore Marriott Inner  
Harbor Hotel

January 16–19, 2019
Wednesday – Saturday
Joint Mathematics Meetings, including the 125th Annual 
Meeting of the AMS, 102nd Annual Meeting of the Math-
ematical 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

Deadlines
For organizers: April 2, 2018
For abstracts: To be announced
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Meetings & Conferences

Announcement issue of Notices: October 2020
Program first available on AMS website: November 1, 2020
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2020
For abstracts: To be announced

Honolulu, Hawaii
University of Hawaii at Manoa

March 29–31, 2019
Friday – Sunday
Central and Western Joint Sectional Meeting
Associate secretaries: Georgia Benkart and 
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

Denver, Colorado
Colorado Convention Center

January 15–18, 2020
Wednesday – Saturday
Joint Mathematics Meetings, including the 126th Annual 
Meeting of the AMS, 103rd Annual Meeting of the Math-
ematical 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: To be announced
Program first available on AMS website: November 1, 2019
Issue of Abstracts: To be announced

Deadlines
For organizers: April 1, 2019
For abstracts: To be announced

Washington, District 
of Columbia
Walter E. Washington Convention Center

January 6–9, 2021
Wednesday – Saturday
Joint Mathematics Meetings, including the 127th Annual 
Meeting of the AMS, 104th Annual Meeting of the Math-
ematical 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: Brian D. Boe



Contact:

Membership and 
Programs Department

American Mathematical Society
201 Charles Street
Providence, RI 
02904-2294 USA

800.321.4267, ext. 4105
Email: mathjobs@ams.org

MathJobs.Org o� ers a paperless 
application process for applicants 
and employers in mathematics 

Registered Applicants Can:
• Create their own portfolio of application documents

• Make applications online to participating employers

• Choose to make a cover sheet viewable by all registered employers

Registered Employers Can:
• Post up to seven job ads

• Set all criteria for required documents, and add specifi c questions

• Receive and upload reference letters

• Manage applicant information and correspondence quickly and easily

• Set limited access permissions for faculty and EOE administrators

• Search for and sort additional applicants in the database

• Choose an advertising-only account, or a discounted single ad account

Visit mathjobs.org for pricing information

MathJobs.Org
The automated job application database sponsored by the AMS

Free for Applicants

AMERICAN MATHEMATICAL SOCIETY

http://MathJobs.Org
http://MathJobs.Org
http://MathJobs.Org
http://MathJobs.Org
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What crazy things happen to you? Readers are invited to submit original short amusing stories, math jokes, 
cartoons, and other material to: noti-backpage@ams.org.

QUESTIONABLE MATHEMATICS
John M. Sulivan asks if the Brazilian real now has a negative value. The NYTimes [Thomas, 8 Jan '16] says
"…with the Brazilian real and the South African rand each weakening more than 130 percent against the
dollar since mid-2011."

The June/July 2016 Caption Contest:

What's the Caption?

The April Contest Winner Is...
Doreen De Leon, who receives 

our book award.

“Unfortunately, I forgot that it is just as 
important to feed the body as the mind.”
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Submit your entry to captions@ams.org by July 25.
The winning entry will be posted here in the October issue.

In F. Scott Fitzgerald's The Beautiful and Damned 
the following math related words/phrases can 
be found: infinitesimal; symmetry; parabolas; 
axiom; reductio ad absurdum; perpendicular; 
binomial theorem; fourth-dimensional;
intersecting planes; equation; tangent;
geometric; ratio; midpoint; tangent; interval.

Submitted by Peter Mercer.

In mathematics, you can sometimes have 
the satisfaction of being able to answer a 
question completely, but often just getting 
a better appreciation of the problem is a 
sufficient pleasure…

—Robert Bryant (page 614)



www.ams.org/mathimagery

A mathematician, like a painter or poet, is a maker 
of patterns. If his patterns are more permanent than 
theirs, it is because they are made with ideas. 

—G. H. Hardy,
A Mathematician’s Apology

“Exploring Complex Domain Functions Using Domain Coloring,”
by Konstantin Poelke and Konrad Polthier, Free University of Berlin

“Trifurcation,” by Robert Fathauer
(Tessellations, Phoenix, AZ)

“Praying Mantis, opus 416,” by Robert J. Lang.  
One uncut square of paper, 4”, composed and folded 2002. 

© Robert J. Lang

View and share hundreds of images!

The connection between mathematics and art 
goes back thousands of years. Mathematics has 
been used in the design of Gothic cathedrals, 
Rose windows, oriental rugs, mosaics, and til-
ings. Geometric forms were fundamental to the 
cubists and many abstract expressionists, and 
award-winning sculptors have used topology 
as the basis for their pieces. Dutch artist M.C. 
Escher represented infi nity, Möbius bands, tes-
sellations, deformations, refl ections, Platonic 
solids, spirals, symmetry, and the hyperbolic 
plane in his works.

Mathematicians and artists continue to create 
stunning works in all media and to explore the 
visualization of mathematics--origami, comput-
er-generated landscapes, tessellations, fractals, 
anamorphic art, and more.

http://www.ams.org/mathimagery
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A COMPREHENSIVE COURSE IN ANALYSIS
Barry Simon, California Institute of Technology, Pasadena, CA

AMERICAN MATHEMATICAL SOCIETY

facebook.com/amermathsoc
@amermathsoc

plus.google.com/+AmsOrg

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

THE AMS IS PLEASED TO PRESENT

A COMPREHENSIVE COURSE IN ANALYSIS
Barry SimonBarry Simon

From Prize-Winning Author, Barry Simon

A Comprehensive
Course  in Analysis
by Poincare Prize 
winner Barry Simon 
is a five-volume set 
that can serve as
a graduate-level 
analysis textbook 
with a lot of
additional bonus 
information, including

hundreds of problems 
and numerous notes that 

extend the text and provide important historical background. Depth and 
breadth of exposition make this set a valuable reference source for almost 
all areas of classical analysis.

Hear from the author himself at www.facebook.com/simon.analysis

 Part 1: Real Analysis
 Part 2A: Basic Complex Analysis
 Part 2B: Advanced Complex Analysis
 Part 3: Harmonic Analysis
 Part 4: Operator Theory

Set: 2015; 3259 pages; Hardcover; ISBN: 978-1-4704-1098-8; List US$350; AMS members US$280; 
Order code SIMON-SET

 Now available as an eBook.

 Download The Ultimate Companion to a Comprehensive Course in Analysis
                 BOOKSTORE.AMS.ORG/SIMON-SET

TEXTBOOK

TEXTBOOK

http://BOOKSTORE.AMS.ORG/SIMON-SET
http://bookstore.ams.org
http://facebook.com/amermathsoc
http://plus.google.com/+AmsOrg
http://www.twitter.com/@amermathsoc
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