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Call for Nominations

AWM–AMS NOETHER LECTURE
The Association for Women in Mathematics (AWM) established the Emmy Noether Lectures in 1980 
to honor women who have made fundamental and sustained contributions to the mathematical
sciences. In April 2013 this one-hour expository lecture was renamed the AWM–AMS Noether 
Lecture. The first jointly sponsored lecture was held in January 2015 at the Joint Mathematics
Meetings (JMM) in San Antonio, Texas. Emmy Noether was one of the great mathematicians of her 
time, someone who worked and struggled for what she loved and believed in. Her life and work remain 
a tremendous inspiration.

Additional past Noether lecturers can be found at https://awm-math.org/awards/noether-lectures.

A nomination should include: a letter of nomination, a curriculum vitae of the candidate—not to 
exceed three pages, and a one-page outline of the nominee’s contribution to mathematics, giving four 
of her most important papers and other relevant information. Nominations are accepted annually 
from August 15 through October 1. Nominations will remain active for an additional two years after 
submission.

The nomination procedure is described here:
https://awm-math.org/awards

/noether-lectures.

If you have questions, call 401.455.4042
or email awm@awm-math.org.
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A WORD FROM...
Stephan Ramon Garcia, Associate Editor of Notices

National Hispanic Heritage Month (September 15 to October 15) celebrates the contribu-
tions of the Hispanic and Latinx communities to the richness and diversity of this nation. 
The spirit of the month was eloquently expressed by President Barack Obama in 2013:

From the earliest days of our Republic, Hispanic Americans have written crucial 
chapters in our national story. Hispanics have honorably defended our country 
in war and built prosperity during times of peace. They run successful businesses, 
teach our next generation of leaders, and pioneer scientific and technological 
breakthroughs. This month, America acknowledges these vital contributions 
and celebrates our Hispanic heritage.1

In September 2018, the Notices paid tribute to Hispanic Heritage Month (HHM) with a 
special issue devoted to the occasion. Hoping to establish this tradition, we have assembled 
an exciting collection of features, opinion pieces, and communications to mark Hispanic 

Heritage Month 2019. In this issue:
 • Antonio Montalbán (University of California, Berkeley), who spoke at the 2014 ICM in Seoul, tells us 

about Martin’s conjecture and the classification of Turing degrees.
 • Rolando de Santiago, a UC Presidential Postdoctoral Fellow at UCLA, and Roy Araiza, a graduate student 

at Purdue University, discuss Connes’ embedding problem from the theory of operator algebras.
 • Nick Gurski (Case Western Reserve University), Niles Johnson (Ohio State University), and Angélica Os-

orno (Reed College) explore topological invariants from higher category theory.
The 2019 HHM issue features two opinion pieces. The first, written by Selenne Bañuelos and Cynthia Flores 

(California State University Channel Islands), presents their take on the practice of cluster hiring. The second, 
penned by William Y. Vélez, a professor emeritus from the University of Arizona, pushes for diversity outcomes to 
be taken into consideration in the evaluation of federal research grants.

Our communications section has three contributions:
 • Pamela E. Harris (Williams College), Alicia Prieto Langarica (Youngstown State University), and Luis 

Sordo Vieira (Jackson Laboratory for Genomic Medicine) present profiles of four math educators who 
are featured in the 2019 Latinxs and Hispanics in Mathematical Sciences calendar (www.lathisms.org).

 • Alejandro Adem (University of British Columbia) surveys the twenty-year history of Mitacs, a Canadian 
nonprofit research organization (of which Adem is CEO and scientific director) that partners with aca-
demia, industry, and government.

 • Della Dumbaugh (University of Richmond) informs us about what the International Mathematical Union 
is doing to advance mathematics in developing countries.

It has been a pleasure putting this issue together and working with so many new friends and colleagues. I look 
forward to assembling the 2020 Hispanic Heritage issue!

Ph
ot

o 
by

 G
iz

em
 K

ar
aa

li

Stephan Ramon Garcia is W. M. Keck Distinguished Service Professor and Professor of Mathematics at Pomona College and an associate editor 
of Notices. His email address is stephan.garcia@pomona.edu.
1https://www.govinfo.gov/content/pkg/FR-2013-09-18/pdf/2013-22885.pdf
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Martin’s Conjecture: A
Classification of the Naturally

Occurring Turing Degrees
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Antonio Montalbán
This paper is about naturally occurring objects in comput-
ability theory, the area inside mathematical logic that stud-
ies the complexity of infinite countable objects. It is about
the structure that emerges when we look at almost-
everywhere behavior with respect to a measure called Mar-
tin’s measure. Posed in the 1970s, Martin’s conjecture was
the first indication of this hidden structure. Martin’s con-
jecture is currently one of themain open questions in com-
putability theory and is of great foundational importance.
Progress has been slow, and only recently we have started
to appreciate the extent to which Martin’s measure can be
used to understand the behavior of naturally occurring ob-
jects in computability theory.

Computability Theory
Computability theory is the area of logic that studies the
complexity of infinite countable objects. Computer sci-
ence and set theory take care of the finite objects and un-
countable objects, respectively—well, not exactly, but
more or less. The main notion in computability theory
is that of computable function. A function 𝑓 is computable

Antonio Montalbán is a professor of mathematics at the University of California,
Berkeley. His email address is antonio@math.berkeley.edu.
The author was partially supported by NSF grant DMS-1363310 and by a Si-
mons fellowship. The author would also like to thank Pierre Simon for proof-
reading this paper.

Communicated by Notices Associate Editor Stephan Ramon Garcia.

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

DOI: https://doi.org/10.1090/noti1940

if it can be calculated using a mechanical, step-by-step al-
gorithm. The informal notion of algorithm was already
known to the Greeks two millennia ago. But it was not un-
til the 1930s that Gödel, Turing, and Church, among oth-
ers, proposed the first formal definitions of computable
functions. Conceived before the age of computers, those
three equivalent definitions capture what we still call the
class of computable functions: Let us useℕℕ to denote the
set of functions fromℕ toℕ. Today, we say that a function
𝑓 ∈ ℕℕ is computable if it can be calculated using a com-
puter program in your favorite programming language.1

Which programming language you use is not important.
You always get the same class of functions as long as the
language has some minimum basic functionality. Some
languages might be faster or easier to use for certain types
of functions, but the class of computable functions from
ℕ to ℕ is independent of the language. The restriction to
functions on the natural numbers is just for simplicity. It
is not even a real restriction, as any finite object can be
coded by a natural number—that’s what your computer
does when it encodes everything you see on the screen
into numbers written in binary. In our examples below,
we will mention finite objects, like strings of characters or
integer polynomials, and assume they are being encoded
by natural numbers in some standard way without even
mentioning it.

A subset 𝐴 ⊆ ℕ is computable if its characteristic

1We impose no restriction on time spent or memory used so long as, on each
input, the program gives an answer after finitely many steps, hence using only
finitely much memory.
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function 𝜒𝐴 ∶ ℕ → {0, 1} is computable. Here are some
examples of noncomputable sets.

K: The halting problem is the problemof decidingwhether
an inputless computer program will eventually halt or
run forever without halting, maybe because it enters
an infinite loop or something. We represent this prob-
lem by the set K of inputless computer programs that
eventually halt. (Here, programs are being viewed as
strings of characters and coded by a single number.)
To solve the halting problem, one could try to run the
given program and see if it halts. The problem is that
while a program is running and hasn’t halted yet, we
can’t tell for sure if it is going to stop later or just keep
on going.2

WP: The word problem. Consider finitely presented
groups. These are groups that have finitely many gen-
erators 𝑎1, 𝑎2, ..., 𝑎𝑘 that satisfy a finite set of relations
of the form 𝑅𝑖 = 𝑒, where 𝑅1, ..., 𝑅ℓ are words on the
letters 𝑎1, 𝑎2, ..., 𝑎𝑘, 𝑎−1

1 , ..., 𝑎−1
𝑘 . The word problem

is to decide, given such a group presentation and an-
other word 𝑤, whether 𝑤 is equivalent to the identity
𝑒 of the group or not. We define WP to be the set of
tuples ((𝑎1, 𝑎2, ..., 𝑎𝑘), (𝑅1, ..., 𝑅ℓ),𝑤) for which the
answer is yes.

HTP: Hilbert’s tenth problem. Let HTP be the set of poly-
nomials in ℤ[𝑦0, 𝑦1, 𝑦2, ...] that have an integer solu-
tion. Question ten in Hilbert’s famous 1900 list was
whether there was an algorithm to decide member-
ship in HTP. It was answered negatively in 1970 by
Matiyasevich, building on work by Martin Davis, Hi-
lary Putnam, and Julia Robinson.

TF: Let 𝑇𝐹 be the set of finite presentations
((𝑎1, 𝑎2, ..., 𝑎𝑘), (𝑅1, ..., 𝑅ℓ)) of groups that are
torsion-free.

COF: Let 𝐶𝑂𝐹 be the set of polynomials in
ℤ[𝑥,𝑦0, 𝑦1, 𝑦2, ...] that have integer solutions for all
but at most finitely many values of 𝑥.

TA: Let TA be the set of 1st-order sentences in the lan-
guage of arithmetic {0, 1,+,×,≤} that are true about
the natural numbers.

WF: Let WF be the set of programs 𝚙 for which there
exists no sequence 𝑎0, 𝑎1, 𝑎2, ... of natural numbers
such that 𝚙(𝑎𝑖+1) = 𝑎𝑖 for all 𝑖 ∈ ℕ.3

To prove that any of these examples cannot be decided
by a computer program, one starts with the halting prob-
lem. For that, one uses a Cantor-style diagonalization ar-
gument to define, under the assumption that K is com-
putable, a computable function that is different from all
computable functions. For the other examples, the idea

2The “K” is for Stephen Kleene.
3The notation 𝚙(𝑎) = 𝑏 means that the program 𝚙 halts on input 𝑎 and out-
puts 𝑏.

is to reduce them to the halting problem. For instance, to
prove that the word problem is noncomputable, we
produce an algorithm that decidesmembership in the halt-
ing problem using information about which words in
which finitely presented groups become trivial.4

Let us focus on this idea of reducing one problem to an-
other. Consider a function𝑔 ∈ ℕℕ. We say that a function
𝑓 ∈ ℕℕ is𝑔-computable, or computable in𝑔, and write 𝑓 ≤𝑇
𝑔 if the values of 𝑓 can be calculated using a computer pro-
gram that is allowed to consult values of 𝑔 during its com-
putation. For example, this program could contain an in-
struction of the form: “let x:=17; if 𝑔(x)>27,
then do this, else do that.” The function 𝑔 is
called the oracle of the computation, as we are not specify-
ing howwe are getting the values of𝑔; they are just given to
us. The relation ≤𝑇 is transitive and reflexive, and hence a
preordering onℕℕ. As any preordering does,≤𝑇 naturally
induces an equivalence relation, 𝑓 ≡𝑇 𝑔 if 𝑓 ≤𝑇 𝑔 and
𝑔 ≤𝑇 𝑓, and a partial ordering on the quotient ℕℕ/ ≡𝑇.
The equivalence classes are called Turing degrees, and this
partial ordering (ℕℕ/ ≡𝑇;≤𝑇) is denoted by 𝒟. Each
Turing degree corresponds to a level of complexity, and
𝒟 maps out all complexity levels. The properties of this
partial ordering have been widely studied since the 1950s.
Here are some of them. The first four are quite simple,
while the last two require extremely elaborate proofs.

• 𝒟 has a least element, 0, that consists of the equiv-
alence class of the computable functions.

• Every two degrees have a least upper bound given
by 𝑓⊕ 𝑔, where 𝑓⊕ 𝑔 is the function ℎ such that
ℎ(2𝑛) = 𝑓(𝑛) and ℎ(2𝑛+ 1) = 𝑔(𝑛).

• 𝒟 has the countable predecessor property; i.e., for
every 𝑔, there are only countably many 𝑓’s that are
≤𝑇 𝑔. This is because there are only countably
many programs one can write.

• In particular, every degree is countable, and hence
𝒟 has size continuum.

• 𝒟 is fat: There are continuum-size sets of degrees
that are pairwise incomparable.

• 𝒟 is very rich: Every countable partial ordering
embeds in 𝒟 as an initial segment.

There are many more results showing that 𝒟 is
extremely complex. An example of a question that has
eluded an answer for decades is whether𝒟 has a nontrivial
automorphism.

The Linearity Phenomenon
We wanted to find a ruler that we can use to measure com-
plexity, a hierarchy of complexity levels that we can use
to classify problems. Instead, we’ve got an ordering, ≤𝑇,

4This isn’t easy at all. One has to encode the nuts and bolts of a Turing machine
into a presentation of a group in such a way that a certain word is equivalent to
the identity if and only if the given Turing machine halts.
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that gives us a way of saying that certain problems aremore
complex than others and that some are incomparable. The
world turned out messier than we wanted it to be. The ex-
amples we gave above are ordered as follows under Turing
reduction:

0 <𝑇 K ≡𝑇 WP ≡𝑇 HTP <𝑇 TF <𝑇 COF <𝑇 TA <𝑇 WF.
They do seem to form a hierarchy. There are many more
examples one can get from elsewhere in mathematics and
many more from computability theory that are still very
natural, even if they may look slightly weird to outsiders.
All the examples we know are ordered in a line.5 Further-
more, we know of no natural example strictly in between
0 and K, and all natural examples strictly in between 0
and COF are Turing equivalent to either K or TF. We know
many natural examples between COF and TA, though they
are nicely ordered in a line like the ordering of the natural
numbers. We know many natural examples between TA
and WF, and they are nicely ordered in a well-ordered line.
The hierarchy we were looking for seems to exist, but 𝒟
seems too chaotic to help us find it. The contrast between
the general behavior in 𝒟 and the behavior of the natu-
rally occurring objects is so stark that there must be a deep
reason behind it. We need to dig deeper.

Martin’s conjecture is a formal statement trying to cap-
ture the essence of this hierarchy within the Turing degrees.
For now, let us say that Martin’s conjecture gives a for-
mal mathematical understanding of the following empiri-
cal observation:

While the infinite sequences inℕℕ are not linearly
ordered by Turing computability, the naturally oc-
curring sequences are.

What will allow us to formalize this statement is the obser-
vation that, in this setting, there are two properties natu-
ral objects have that general objects do not: they relativize
(to be defined below) and they are constructible. We can
formally define what a constructible relativizable object is,
and we can then write a formal mathematical statement
saying they are nicely well-ordered by complexity. That is
Martin’s conjecture. Posed in the seventies, Martin’s con-
jecture is considered the most important open question
in computability theory and of great foundational impor-
tance within mathematical logic. We will describe its state-
ment in detail after we give more background and context.

Similar Behavior in Proof Theory
Another well-known expression of this linearity phenome-
non is with axiomatizations of fragments of mathematics:
the hundreds of axiomatizations formathematics that logi-
cians have looked at, starting from elementary arithmetic,
going up through Peano arithmetic, Zermelo–Fraenkel set

5A linear ordering is a partial ordering where every two elements are compara-
ble. They are also called total orderings.

theory, and up through the large-cardinal hypotheses, are
linearly ordered under consistency strength, giving rise to
what is called the Gödel hierarchy. One can cook up ad hoc
theories that are incomparable under consistency strength,
but the natural ones are always comparable. Again, we
can’t even state this in a precise way, as we don’t know
what makes a theory natural. Our recent paper with James
Walsh [10] takes a step toward that problem, proving that
the transfinite iterates of the consistency operator form a
spine of theories that is canonical in some sense. Thismust
be somewhat connected to the linearity phenomenon in
computability theory, but we are far from understanding
precisely how they are connected.

Martin’s Measure
Let us recall that we’ve got a preordering ≤𝑇 on ℕℕ given
by 𝑔 ≤𝑇 𝑓 if 𝑔 can be computed from 𝑓. The equivalence
classes it induces are called Turing degrees, and ≤𝑇 par-
tially orders the Turing degrees. This partial ordering is an
upper-semilattice, meaning that every two elements have
a least upper bound. Also, every countable subset has an
upper bound, though maybe not a least one. Other than
that, this partial ordering is extremely messy and very hard
to describe. The following peculiarity is the first indication
it is not all chaos. We need two definitions first: A subset
𝒜 ⊆ ℕℕ is≡𝑇-invariant if whenever 𝑓 ≡𝑇 𝑔, we have that
𝑓 ∈ 𝒜 ⟺ 𝑔 ∈ 𝒜. The cone above 𝑓 ∈ ℕℕ is the set
{𝑔 ∈ ℕℕ ∶ 𝑔 ≥𝑇 𝑓}.

Theorem (Martin’s Turing determinacy). Every ≡𝑇-invari-
ant Borel subset of ℕℕ either contains a cone or is disjoint from
a cone.

The topology on ℕℕ we are using to define the Borel
sets is the product of the discrete topology of ℕ.6 It is im-
portant to point out that the theorem above is not about
Borel sets: it is, essentially, about any set you can define
without invoking the black magic of the axiom of choice.
I stated it using Borel sets because that’s the most we can
prove in ZFC, the standard axiomatization for all of math-
ematics. Let me just say that if we add a few large-cardinal
assumptions, assumptions that set theorists believe to be
true (whatever that means), then the theorem is true for a
much larger class of sets called 𝐿(ℝ), the class of all sets
that are constructible over the reals. For a mathematician
who isn’t a set theorist, the only way to build a subset of
ℕℕ outside 𝐿(ℝ) is by using the axiom of choice. The the-
orem thus says that for every ≡𝑇-invariant constructible
set 𝒜, there is an 𝑓 ∈ ℕℕ such that either every 𝑔 ≥𝑇 𝑓 is
in 𝒜 or none is.

6Thus the Borel subsets of ℕℕ form the smallest class of sets that is closed un-
der complements, countable unions, and countable intersections and contains
the basic open sets 𝒱𝑛,𝑚 = {𝑓 ∈ ℕℕ ∶ 𝑓(𝑛) = 𝑚}.
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Thinking of cones as large sets, we can define a proba-
bility measure on all Borel ≡𝑇-invariant subsets 𝒜 of ℕℕ:
𝑚(𝐴) = 1 if 𝒜 contains a cone, and 𝑚(𝐴) = 0 if 𝒜 is
disjoint from a cone. It is not hard to see that the intersec-
tion of countably many cones contains a cone.7 Thus, this
measure is 𝜎-additive. The theorem above says that this
measure is ≡𝑇-ergodic. A corollary of the theorem is that
every Borel ≡𝑇-to-= invariant function must be constant
on a set of Martin’s measure 1, where ℱ∶ ℕℕ → ℕℕ is
≡𝑇-to-= invariant ifℱ(𝑔) = ℱ(𝑓) whenever 𝑔 ≡𝑇 𝑓. This
resembles the ergodicity of Lebesgue measure with respect
to Vitali’s equivalence relation: Ifℱ∶ [0, 1] → ℝ is a Borel
function such that whenever 𝑥 − 𝑦 ∈ ℚ, ℱ(𝑥) = ℱ(𝑦),
then ℱ is constant on a set of Lebesgue measure 1.

The reader might be wondering about examples of ≡𝑇-
invariant sets where one could apply the theorem. The
main tool to produce ≡𝑇-invariant sets is called relativiza-
tion.

Relativization
Given 𝑓 ∈ ℕℕ, the class of 𝑓-computable functions satis-
fies pretty much all the same properties as the class of com-
putable functions: the partial 𝑓-computable functions are
closed under composition, recursion, and minimization;
they contain the basic functions, namely the projections,
the zero function, and the plus-one function; and there
is a universal partial 𝑓-computable function. These im-
ply pretty much all the other properties of the computable
functions that are used in almost all the proofs in com-
putability theory. Only if one gets to the inner workings
of a Turingmachine can one see a difference between these
classes. Except for very few occasions, such as in the proof
of undecidability of the word problem, it is extremely rare
to find a proof that deals with the nuts and bolts of a Turing
machine. Since this is so rare, pretty much all the results in
computability theory could be restated using the notion of
𝑓-computability instead of plain computability, and these
new statements would still be true by prettymuch the same
proofs. This process is called relativization.

When we relativize the halting problem to 𝑓, we obtain
the set of all programs that are allowed to call 𝑓 during
their computation and that eventually halt. We denote
this set by 𝑓′. This is an extremely important operation;
it’s called the Turing jump. It is a monotone and order-
preserving operation. That is, for all 𝑓, 𝑔 ∈ ℕℕ,

• 𝑓 <𝑇 𝑓′ and
• 𝑓 ≤ 𝑔 ⟹ 𝑓′ ≤ 𝑔′.

In particular, the Turing jump is ≡𝑇-to-≡𝑇-invariant;
i.e., 𝑓 ≡𝑇 𝑔 implies 𝑓′ ≡𝑇 𝑔′. Let us use 0 to denote the

7The intersection of the cones above 𝑓𝑛 for 𝑛 ∈ ℕ contains the cone above 𝑓
for any upper bound 𝑓 of all the 𝑓𝑛’s, as for instance the function 𝑓(⟨𝑛,𝑚⟩) =
𝑓𝑛(𝑚) where ⟨𝑛,𝑚⟩ is a number coding the pair (𝑛,𝑚), say 2𝑛3𝑚.

constant-zero function 𝑛 ↦ 0∶ ℕ → ℕ. Then the halt-
ing problem K has degree 0′, and one can show that so
do WP and HTP. If we apply the Turing jump again, we
get 0′′. It turns out that TF is Turing equivalent to 0′′. If
we take another jump, we get to 0′′′, which happens to
be Turing equivalent to COF. We can then keep on iterat-
ing, but we will not get to TA in any finite number of steps.
However, TA is Turing equivalent to 0(𝜔), the set of pairs
{(𝑛,𝑚) ∶ 𝑛 ∈ 0(𝑚)}, where 0(𝑚) is the 𝑚th iterate of the
Turing jump and 𝜔 denotes the first ordinal number that
comes after all the natural numbers. The last example in
our list, WF, is beyond any iteration of the Turing jump
along any computable ordinal.

Before getting deeper into the iterates of the jump, let us
take a side step and see an example of how relativization
works in conjunction with Martin’s measure.

Computable Categoricity
To see how relativization works, let’s look at an example
from computable structure theory. The reader may skip
this section if the reader is too eager to learn aboutMartin’s
conjecture in the next section. Computable structure the-
ory is the subfield of computability theory where we study
the complexity of countable structures. These are mathe-
matical structures like groups, fields, linear orderings, or
graphs. The objective is to understand the forms complex-
ity takes in this setting and find connections between com-
plexity and algebraic properties (see [11]).

For the sake of simplicity, let us describe our example
only for the case of groups, even though it works for struc-
tures in general. A representation of a countable group𝒢 =
(𝐺; 𝑒,∗) is an isomorphic copy of𝒢with domainℕ. That
is, it is a group 𝒜 = (ℕ; 𝑒𝐴 ,∗𝐴) ≅ 𝒢, where 𝑒𝐴 ∈ ℕ and
∗𝐴 ∶ ℕ2 → ℕ. The point of making the domain of the
group ℕ is that we can now use tools from computability
theory. Such a representation 𝒜 is said to be computable if
the group operation ∗𝐴 ∶ ℕ2 → ℕ is computable. A group
𝒢 may have many representations, as there are many bi-
jections between ℕ and 𝐺, some of which might be com-
putable and some not. There may also be many different
computable representations with different computational
properties. Structures whose computable representations
all have the same computational properties are said to be
computably categorical:

Definition 1. A group 𝒢 is said to be computably categor-
ical if any two computable representations of 𝒢 are com-
putably isomorphic. That is, if 𝒜 = (ℕ; 𝑒𝐴 ,∗𝐴) and ℬ =
(ℕ; 𝑒𝐵 ,∗𝐵) are isomorphic to 𝒢, and ∗𝐴 and ∗𝐵 are com-
putable functions, then there is a computable bijection
𝑝∶ ℕ → ℕ such that𝑝(𝑒𝐴) = 𝑒𝐵 and𝑝(𝑛∗𝐴𝑚) = 𝑝(𝑛)∗𝐵

𝑝(𝑚).

This is the case, for instance, of (ℚ; 0,+), because given
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a representation 𝒜 = (ℕ;0𝐴 ,⊕𝐴) of (ℚ; 0,+), once we
fix an element 1𝐴 that we are going to map to 1ℚ, for any
other 𝑎 ∈ 𝒜, all we need to do is search for 𝑛,𝑚 ∈ ℕ
such that

either 𝑎⊕𝐴 𝑎⊕𝐴 ⋯⊕𝐴 𝑎⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
𝑚

= 1𝐴 ⊕𝐴 1𝐴 ⊕𝐴 ⋯⊕𝐴 1𝐴⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
𝑛

or 𝑎⊕𝐴 𝑎⊕𝐴 ⋯⊕𝐴 𝑎⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
𝑚

⊕𝐴 1𝐴 ⊕𝐴 ⋯⊕𝐴 1𝐴⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
𝑛

= 0𝐴 ,

and then map 𝑎 to 𝑛/𝑚 or −𝑛/𝑚.
This is not the case for (ℚ+; 1,×): On the standard

representation of (ℚ+; 1,×), the power relation {(𝑎, 𝑏) ∈
ℚ+2 ∶ (∃𝑛 ∈ ℕ)𝑎𝑛 = 𝑏} can be easily computed us-
ing prime decompositions of the numerators and denom-
inators. However, in an arbitrary representation, deciding
if 𝑏 is a power of 𝑎 requires going through all powers of
𝑎 and checking if any of them equal 𝑏. One can build a
computable representation𝒜 = (ℕ; 𝑒𝐴 ,∗𝐴) of (ℚ+; 1,×)
where the power relation

{(𝑎, 𝑏) ∈ ℕ2 ∶ (∃𝑛 ∈ ℕ)𝑎 ∗𝐴 𝑎 ∗𝐴 ⋯∗𝐴 𝑎⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟
𝑛

= 𝑏}

is not computable. In other words, the fact that we can
compute the group operation doesn’t mean we can com-
pute the power relation. Since the power relation is com-
putable in the standard representation of (ℚ+; 1,×),
these two representations cannot be computably isomor-
phic.

Studying the difference between different representa-
tions of the same structures and the properties that are
independent of representations is central to computable
structure theory, and that’s why the notion of computable
categoricity becomes so important. Unfortunately, as
proved by Downey, Kach, Lempp, Lewis, Montalbán, and
Turetsky [2], there is no structural way to characterize the
groups that are computably categorical. This is unsatis-
fying. The picture gets brighter, though, if we relativize.
Given 𝑓 ∈ ℕℕ, we say that a group is 𝑓-computably categori-
cal if any two 𝑓-computable representations are 𝑓-
computably isomorphic. Now, a given group 𝒢 might be
𝑓-computably categorical for some 𝑓’s and not for others.
From Martin’s theorem above, we get that a group 𝒢 is ei-
ther computably categorical relative to Martin’s-almost-all
𝑓’s or computably categorical relative to Martin’s-almost-
no 𝑓’s. The meaning of “Martin’s-almost-all” comes, of
course, from Martin’s measure. The interesting point here
is that we can structurally characterize the groups that are
computably categorical relative to Martin’s-almost-all 𝑓’s.
We include the theorem just to give the reader a taste of
the type of structural conditions we deal with.

Definition 2. A group𝒢 is ∃-atomic over a tuple ̄𝑎 ∈ 𝐺<ℕ

if, for every tuple ̄𝑝 ∈ 𝐺<ℕ, there exist words 𝑣1, ..., 𝑣𝑘,

𝑤1, ...,𝑤ℓ on the letters ̄𝑎, ̄𝑥, �̄� and their inverses that de-
termine the automorphism orbit of ̄𝑝 in the sense that
a tuple ̄𝑞 is automorphic to ̄𝑝 if and only if ̄𝑞 satisfies
𝑣𝑖[ ̄𝑥 ↦ ̄𝑞, �̄� ↦ �̄�] = 𝑒 and 𝑤𝑗[ ̄𝑥 ↦ ̄𝑞, �̄� ↦ �̄�] ≠ 𝑒
for all 𝑖 ≤ 𝑘 and 𝑗 ≤ ℓ and some �̄� ∈ 𝐺<ℕ.

Theorem ([9]). A group 𝒢 is computably categorical relative
to Martin’s-almost-all 𝑓’s if and only if it is ∃-atomic over some
tuple.

The use of Martin’s measure is necessary here. There
exist groups that are computable categorical and not ∃-
atomic, and groups that are ∃-atomic but not computable
categorical. Such groups need to be constructed in rather
ad hocways, making sure certain objects aren’t computable
by diagonalizing against each computable function. How-
ever, if 𝒢 is a naturally defined group, then any proof that
shows that it is or isn’t computable categorical must rela-
tivize. So it would be either computably categorical rela-
tive to all 𝑓 or to no 𝑓. In that case, the usage of “almost all”
in the theorem above is not really relevant, and we don’t
even need to relativize the notion of computable categoric-
ity. Thus, for naturally occurring 𝒢, 𝒢 is computably cate-
gorical if and only if it is ∃-atomic over some tuple. Since
we do not know how to formally speak about naturally oc-
curring groups, the theorem above is the best we can do.

Martin’s Conjecture
Martin’s conjecture is about≡𝑇-to-≡𝑇-invariant functions.
Whenever we have a natural object defined in computabil-
ity theory, we can relativize it. For example, if FIN is the
set of programs that halt on a finite number of inputs, then
FIN𝑓 is the set of programs with oracle 𝑓 that halt on a fi-
nite number of inputs. Whenever we define such an op-
erator, we get a ≡𝑇-to-≡𝑇-invariant function. That is, if
𝑓 ≡𝑇 𝑔, then FIN𝑓 ≡𝑇 FIN𝑔.8 Thus, one way of analyzing
the naturally occurring objects is to look at the relativiz-
able ones by studying ≡𝑇-to-≡𝑇-invariant functions. If
we have two such functions, ℱ and 𝒢, then the set of 𝑋
such that ℱ(𝑋) ≡𝑇 𝒢(𝑋) is either large or small. We say
that ℱ is equivalent to 𝒢 on a cone and write ℱ ≡▿

𝑇 𝒢 if
ℱ(𝑋) ≡𝑇 𝒢(𝑋) for Martin’s-almost-all 𝑋. Again, for nat-
urally defined ℱ and 𝒢, this is either true for all 𝑋 or for
no 𝑋, so it is not necessary to consider the cones. But to
prove general statements, we need to compare on cones,
as otherwise one can easily build strange functions that
satisfy ℱ(𝑋) ≤𝑇 𝒢(𝑋) for some 𝑋’s and not others.

We say that a ≡𝑇-to-≡𝑇-invariant function is constant
on a cone if, for all 𝑔 on some cone, ℱ(𝑔) has the same
Turing degree.

8One can generalize this example and consider any class 𝒞 ⊆ ℕ⊆ℕ of partial
functions ℕ ⇀ ℕ and let 𝒞𝑓 be the set of programs that, when run with ora-
cle 𝑓, produce a partial function in 𝒞. The operator 𝑓 ↦ 𝒞𝑓 is then uniformly
≡𝑇-to-≡𝑇-invariant.
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Martin’s Conjecture. Every Borel ≡𝑇-to-≡𝑇-invariant func-
tion is either constant on a cone or ≡𝑇-equivalent to an iterate
(maybe transfinite) of the Turing jump on a cone.

It implies, in particular, that the Borel ≡𝑇-to-≡𝑇-
invariant functions are linearly ordered when compared
on a cone.9

The original conjecture is not only for Borel functions
but for all functions although working not over ZFC but
over a system denoted by ZF+AD+DC that doesn’t include
the full axiom of choice, where AD denotes the axiom of
determinacy of infinite games and DC a weaker version
of the axiom of choice called dependent choice. In that
case, we don’t get that all functions are iterates of the Tur-
ing jump, but that they are well-ordered under comparabil-
ity on a cone and that the successor operator is the jump.
If the reader prefers to assume the axiom of choice but is
willing to accept some generally accepted large-cardinal hy-
pothesis, the statement would be about functions in 𝐿[ℝ]
that are constructible without the use of the axiom of
choice. In any case, this conjecture is about much more
than Borel functions.

The conjecture is still open. An important version of it
was proved by Ted Slaman and John Steel in [12,13], a ver-
sion that could already be used to claim that the only natu-
rally occurring Turing degrees are, in a sense, the iterates of
the jump. What Slaman and Steel proved is that the con-
jecture holds for uniformly ≡𝑇-to-≡𝑇-invariant functions.
These are functions for which, if we know which Turing
programs make 𝑓 and 𝑔 equivalent, we can figure out
which programs make ℱ(𝑓) and ℱ(𝑔) equivalent. The
whole argument we made about how natural objects in-
duce≡𝑇-to-≡𝑇-invariant functions still holds for uniform-
ly≡𝑇-to-≡𝑇-invariant functions. Thus, Slaman and Steel’s
result already gets us what we wanted.

Recent Connections with the Wadge Hierarchy
Let us finish this article by mentioning some recent work
related to Martin’s conjecture and Martin’s measure.

Takayuki Kihara and the author have recently discov-
ered a finer version of the uniform Martin’s conjecture [4].
They looked at the relation of many-one reducibility, which
is a refinement of Turing reducibility that has also been
studied extensively over the last seventy years: It reduces
one decision problem into another by directly converting
instances of the former to instances of the latter. Formally,
a set𝐴 ⊆ ℕ is𝑚-reducible to a set 𝐵 ⊂ ℕ, written𝐴 ≤𝑚 𝐵,
if there is a computable function 𝑓∶ ℕ → ℕ such that
𝑛 ∈ 𝐴 ⟺ 𝑓(𝑛) ∈ 𝐵 for all 𝑛 ∈ ℕ. The structure of
the𝑚-degrees is as chaotic as that of the Turing degrees. Ki-
hara andMontalbán proved that the uniformly≡𝑇-to-≡𝑚-
invariant functions are almost well-ordered under compa-

9Recall that a linear ordering is a partial ordering where every two elements are
comparable.

rability on a cone and form a much finer hierarchy than
the ≡𝑇-to-≡𝑇-invariant functions used in Martin’s conjec-
ture. By the same argument made throughout this paper,
our result gives a full description of the natural many-one
degrees. Another interesting outcome of our result is that
it provides a concrete link betweenMartin’s conjecture and
the Wadge hierarchy, giving us a better understanding of
where Martin’s conjecture comes from.

The Wadge reducibility compares the complexities of
sets of sequences in ℕℕ instead of sets of numbers and,
in contrast to Turing and many-one reducibilities, has the
property that all degrees are natural, and hence there is no
distinction between the general behavior and that of natu-
rally occurring objects. It is defined as follows: Given two
sets of sequences, 𝒜,ℬ ⊆ ℕℕ, we say that 𝒜 is Wadge
reducible to ℬ and write 𝒜 ≤𝑤 ℬ if there is a continuous
function 𝐹∶ ℕℕ → ℕℕ such that ℎ ∈ 𝒜 ⟺ 𝐹(ℎ) ∈
ℬ for all ℎ ∈ ℕℕ.10 Wadge [14] showed that the Borel
subsets of ℕℕ are linearly ordered by ≤𝑤 modulo taking
complements: More precisely, he showed that for any two
Borel sets 𝒜 and ℬ, either 𝒜 ≤𝑤 ℬ or ℬ ≤𝑤 �̄�, where
�̄� is the complement of 𝒜. Martin then showed that the
Borel Wadge degrees are well-founded (i.e., have no infi-
nite descending chains) and hence well-ordered if one ig-
nores complements. Thus there is no chaotic behavior on
the Borel Wadge degrees.11

The beauty of the Wadge hierarchy was present to Mar-
tin when he postulated his conjecture, though there was
no clear connection between the two. That connection is
now made explicit by the Kihara–Montalbán result, which
proves that there is an order-preserving one-to-one corre-
spondence between the uniformly ≡𝑇-to-≡𝑚-invariant
functions and the Wadge degrees.

The simplest nontrivial uniformly ≡𝑇-to-≡𝑚-invariant
function is the Turing jump operator that maps a sequence
𝑓 ∈ ℕℕ to its jump 𝑓′. Under the correspondence in
the Kihara–Montalbán result, this operator corresponds to
the Wadge degree of the nonclosed open sets.12 There are
many more uniformly ≡𝑇-to-≡𝑚-invariant functions that
are Turing equivalent to the Turing jump but not many-
one equivalent to it—there are uncountably many, actu-
ally, ordered as the ordinal 𝜔1, the first uncountable ordi-
nal, if we ignore complements. The connection between
the original Martin’s conjecture and the many-one version
is given by the Turing jump: If 𝐹∶ ℕℕ → ℕℕ is uniformly

10Recall that the topology we use on ℕℕ is the product topology of the dis-
crete topology on ℕ, getting a space homeomorphic to that of the irrational real
numbers.
11As before, we state these results in terms of Borel sets because that is how much
we can prove in ZFC, but they are not really about Borel sets. All of this holds for
all constructible sets in 𝐿(ℝ) if one assumes the large-cardinal hypothesis and
for all sets if one assumes the axiom of determinacy (AD) and forgets about the
axiom of choice.
12All the nonclosed open sets are Wadge equivalent to each other.
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≡𝑇-to-≡𝑇-invariant, then its composition with the Turing
jump, 𝑋 ↦ 𝐹(𝑋)′, is uniformly ≡𝑇-to-≡𝑚-invariant.
Hence the hierarchy of uniformly ≡𝑇-to-≡𝑇-invariant
functions can be studied by analyzing the uniformly ≡𝑇-
to-≡𝑚-invariant functions that are of the form𝑋 ↦ 𝐹(𝑋)′.

Other Recent Work
The remaining step to prove the full Martin’s conjecture is
called Steel’s conjecture. It states that all Borel ≡𝑇-to-≡𝑇-
invariant functions are Turing equivalent on a cone to a
uniformly ≡𝑇-to-≡𝑇-invariant function. Recent work by
Andrew Marks shows how this statement is completely or-
thogonal to the uniform Martin’s conjecture, that it is a
whole world on its own, and that it is related to other sub-
jects like Borel combinatorics and ergodic theory. Adam
Day and Andrew Marks have given a way to understand
the step from the uniform to the nonuniform case of Mar-
tin’s conjecture as a cocycle superrigidity result: There is
a way to associate to every Turing-invariant function a co-
cycle of the free group on countably many generators so
that Martin’s conjecture is true if and only if these cocycles
are superrigid on a cone. In particular, they showed that
Steel’s conjecture would follow from the following state-
ment: Every Borel cocycle of the shift action of 𝐹2, the
free group on two generators, on the free part of 2𝐹2 is a
conjugate of a homomorphism of 𝐹2 on a set of Martin’s
measure 1. Here a cocycle is a function 𝛼∶ 𝐹2 ×2𝐹2 → 𝐹2
such that𝛼(ℎ𝑔,𝑋) = 𝛼(ℎ, 𝑔𝑋)𝛼(𝑔,𝑋), and a conjugate
of a homomorphism is a cocycle of the form 𝛼(𝑔,𝑋) =
𝑏(𝑔𝑋)ℎ(𝑔)𝑏−1(𝑋), where 𝑏∶ 2𝐹2 → 𝐹2 is the conjugat-
ing function and ℎ∶ 𝐹2 → 𝐹2 is a homomorphism.

The extent to which Martin’s measure can be used to
study the properties of natural objects in computability
other than just Turing or many-one degrees is starting to
be appreciated by recent work by the author and Matthew
Harrison-Trainor, among others [1, 3, 5–8]. Most of this
new work is in computable structure theory, in the vein
of the section on computable categoricity above, where by
analyzing computational properties of structures by their
Martin’s-almost-everywhere behavior, one can obtain
structural results that capture the behavior of naturally oc-
curring structures.
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ℛ We Living in the Matrix?

Roy Araiza and Rolando de Santiago
Introduction
In the early years of the twentieth century, the foundations
for quantum mechanics were laid out by Dirac, Heisen-
berg, Bohr, Schrödinger, and others. In his work on the
foundations of quantum mechanics, John von Neumann
postulated that physical phenomena should be modeled
in terms of Hilbert spaces and operators, with observables
corresponding to self-adjoint operators and states corre-
sponding to unit vectors. Motivated by his interest in the
theory of single operators, he would introduce the notion
of what is now termed a von Neumann algebra. Von Neu-
mann and Francis Murray subsequently published a series
of fundamental papers, beginning with “On rings of op-
erators” [13], that develop the basic properties of these al-
gebras and establish operator algebras as an independent
field of study.

In the years after Murray and von Neumann’s initial
work, the field of operator algebras developed rapidly and
split into subfields including 𝐶∗-algebras and von Neu-
mann algebras. Moreover, operator algebraists began to
examine generalizations of these objects, such as opera-
tor spaces and operator systems. The importance of opera-
tor algebras can be witnessed by its applications in Voicu-
lescu’s free probability theory, Popa’s deformation/rigidity
theory, and Jones’ theory of subfactors. These areas give
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us insight into numerous fields, including random matrix
theory, quantum field theory, ergodic theory, and knot the-
ory.

In a landmark paper unraveling the isomorphism class-
es of injective von Neumann algebras, Connes proves that
it is possible to construct a sequence of approximate em-
beddings for a large class of von Neumann algebras into
finite-dimensional matrix algebras; Connes somewhat ca-
sually remarks that this property should hold for all sepa-
rable von Neumann algebras. Formally, Connes’ embed-
ding problem, as this assertion is now called, asks if every
type II1 factor acting on a separable Hilbert space is em-
beddable into an ultrapower of the hyperfinite II1 factor
via a nonprinciple ultrafilter.

Our goal is to unravel the meaning behind Connes’ em-
bedding problem and to highlight its significance by pro-
viding equivalent formulations that have driven research
in the field.

Background
Let 𝑋 be a compact Hausdorff space. Then the set 𝐶(𝑋)
of continuous complex-valued functions on 𝑋, endowed
with pointwise addition and multiplication, is an algebra
overℂ. This algebra admits an anti-linear involution 𝑓∗ ∶=
𝑓 and a norm

‖𝑓‖∞ ∶= sup
𝑥∈𝑋

|𝑓(𝑥)|

that are related by the identity

‖𝑓∗𝑓‖∞ = ‖𝑓‖2
∞. (1)

Moving towards the noncommutative setting, we con-
sider the algebra 𝑀𝑛(ℂ) of 𝑛 × 𝑛 complex matrices. The
operator norm of 𝑚 ∈ 𝑀𝑛(ℂ) is

‖𝑚‖∞ ∶= sup{‖𝑚𝜉‖2 ∶ 𝜉 ∈ ℂ𝑛, ‖𝜉‖2 ≤ 1},
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in which ‖𝜉‖2 denotes the Euclidean norm of 𝜉 ∈ ℂ𝑛.
The conjugate transpose ∗ is an anti-linear involution on
𝑀𝑛(ℂ) that satisfies

‖𝑚∗𝑚‖∞ = ‖𝑚‖2
∞ . (2)

In both situations, the operation ∗ satisfies (𝑎𝑏)∗ =
𝑏∗𝑎∗ for all elements of their domain. To generalize
𝑀𝑛(ℂ), we replace ℂ𝑛 with an appropriate Hilbert space.

Definition 1. A Hilbert space is a complex inner-product

space ℋ that is complete in the norm ‖𝜉‖ℋ = √(𝜉|𝜉)
induced by the inner product.

A standard example of an infinite-dimensional Hilbert
space is the space of square-summable sequences of com-
plex numbers

ℓ2(ℕ) ∶=
⎧
⎨⎩
(𝑥𝑗)∞𝑗=1 ∶

∞
∑
𝑗=1

|𝑥𝑗|2 < ∞
⎫
⎬⎭
,

with inner product

(𝑥|𝑦) ∶=
∞
∑
𝑗=1

𝑥𝑗𝑦𝑗.

It turns out that every separable, infinite-dimensional Hil-
bert space is isometrically isomorphic to ℓ2(ℕ). For exam-
ple, this applies to

𝐿2(𝑋,𝜇) ∶= {𝑓 ∶ 𝑋 → ℂ ∶ ∫
𝑋
|𝑓(𝑥)|2 𝑑𝜇(𝑥) < ∞} ,

in which (𝑋,𝜇) is a 𝜎-finite measure space and

(𝑓| 𝑔) ∶= ∫
𝑋
𝑓(𝑥)𝑔(𝑥)𝑑𝜇(𝑥).

Operators on Hilbert spaces: Formalizing infinite ma-
trices. Operators on Hilbert spaces provide a framework
with sufficient versatility to be applied in physics, repre-
sentation theory, partial differential equations, and other
fields. We focus here on the class of bounded operators.

Definition 2. Given a Hilbert space ℋ and a linear oper-
ator 𝑥 ∶ ℋ → ℋ, the operator norm of 𝑥 is defined by

‖𝑥‖ ∶= sup{‖𝑥𝜉‖ℋ ∶ 𝜉 ∈ ℋ, ‖𝜉‖ℋ ≤ 1}.
A linear operator 𝑥 is bounded if ‖𝑥‖ is finite. 𝐵(ℋ) will
denote the collection of all bounded linear operators on
ℋ.

It can be shown that an operator is bounded if and only
if it is continuous. Since the composition of bounded lin-
ear operators is again bounded, it follows that 𝐵(ℋ) is an
algebra over ℂ. The algebra 𝐵(ℋ) shares several proper-
ties of the algebra 𝑀𝑛(ℂ) outlined above. It is a complete,
normed algebra that admits an anti-linear involution ∗
(the adjoint). The adjoint of 𝑥 ∈ 𝐵(ℋ) is the unique ele-
ment 𝑥∗ ∈ 𝐵(ℋ) satisfying

(𝑥𝜉|𝜂) = (𝜉| 𝑥∗𝜂)

for all 𝜉,𝜂 ∈ ℋ. The norm and the involution satisfy an
identity analogous to (1) and (2); for 𝑥 ∈ 𝐵(ℋ), we have

‖𝑥∗𝑥‖ = ‖𝑥‖2 .
𝐶∗- and von Neumann algebras. There are multiple infi-
nite-dimensional generalizations of 𝑀𝑛(ℂ), an important
one being 𝐵(ℋ). We examine two such generalizations:
one that arises from elevating the properties of 𝐵(ℋ) to
axioms and another that comes from considering a weaker
notion of convergence than the one arising from the oper-
ator norm. This yields two branches of operator algebras:
𝐶∗-algebras and von Neumann algebras.

Definition 3. Let (𝒜, ‖⋅‖) be a complex algebra
endowed with an anti-linear involution∗ that is complete
with respect to ‖⋅‖. If

‖𝑎𝑏‖ ≤ ‖𝑎‖‖𝑏‖
for all 𝑎,𝑏 ∈ 𝒜, then 𝒜 is a Banach-∗ algebra. If the
𝐶∗-identity

‖𝑎∗𝑎‖ = ‖𝑎‖2 (3)

holds for all 𝑎 ∈ 𝒜, then 𝒜 is a 𝐶∗-algebra. The algebra
𝒜 is unital if there is a 1𝒜 ∈ 𝒜 such that 1𝒜𝑎 = 𝑎1𝒜 =
𝑎 for all 𝑎 ∈ 𝒜.

The classic example of a unital, abelian 𝐶∗-algebra is
𝐶(𝑋), with the unit being the constant function 1. By
a theorem of Gelfand, every unital, abelian 𝐶∗-algebra
can be identified with 𝐶(𝑋) for some compact Hausdorff
space 𝑋. Examples of nonabelian unital 𝐶∗-algebras are
𝑀𝑛(ℂ) and 𝐵(ℋ). The Gelfand–Naimark–Segal (GNS)
construction produces a representation of a𝐶∗-algebra giv-
en any state (unital positive linear functional) on that al-
gebra.

Theorem 4 (Gelfand–Naimark). Given a 𝐶∗-algebra 𝒜,
there exists a 𝐶∗-subalgebra �̃� ⊂ 𝐵(ℋ) for some Hilbert
space ℋ such that 𝒜 and �̃� are isometrically ∗-isomorphic.

Therefore, any “abstract” 𝐶∗-algebra can be realized as
a “concrete” 𝐶∗-algebra via the GNS construction and the
Gelfand–Naimark theorem above.

The weak operator topology (WOT) on 𝐵(ℋ) is defined
by the family of seminorms

𝜌𝜉,𝜂(𝑥) = (𝑥𝜉|𝜂)
where 𝜉,𝜂 ∈ ℋ. In practice, a sequence 𝑥𝑛 of operators
converges to 𝑥 in the weak operator topology if and only
if for every 𝜉,𝜂 ∈ ℋ,

((𝑥𝑛 − 𝑥)(𝜉)|𝜂) → 0.
This loosely means that the “matrix coefficients” of 𝑥𝑛 con-
verge to those of 𝑥.
Definition 5. A unital ∗-subalgebra 𝑀 ⊂ 𝐵(ℋ) is a von
Neumann algebra if 𝑀 is closed in the WOT.
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The WOT is weaker than the norm topology, and thus
every vonNeumann algebra is in fact a𝐶∗-algebra. Letting

𝑀′ ∶= {𝑦 ∈ 𝐵(ℋ) ∶ 𝑥𝑦 = 𝑦𝑥 ∀𝑥 ∈ 𝑀}
denote the commutant of 𝑀, von Neumann proved that a
unital, self-adjoint subset 𝑀 ⊂ 𝐵(ℋ) is a von Neumann
algebra if and only if𝑀 = (𝑀′)′, where (𝑀′)′ denotes the
double commutant of 𝑀. This characterization is known as
the double commutant theorem. In contrast, no purely
algebraic characterization of 𝐶∗-algebras is known.

To contrast von Neumann algebras against general 𝐶∗-
algebras, note that if we consider a finite Borel measure
space (𝑋,𝜇), functions in 𝐿∞(𝑋,𝜇) act on 𝐿2(𝑋,𝜇) by
way of multiplication as bounded operators. Naturally, we
have the following chain of inclusions:

𝐶(𝑋) ⊂ 𝐿∞(𝑋,𝜇) ⊂ 𝐵(𝐿2(𝑋,𝜇)).
While 𝐶(𝑋) is a 𝐶∗-algebra, it is not a von Neumann al-
gebra, since (𝐶(𝑋)′)′ contains 𝐿∞(𝑋,𝜇). It can be shown
that 𝐿∞(𝑋,𝜇) is a maximal abelian subalgebra in
𝐵(𝐿2(𝑋,𝜇)) and is thus a von Neumann algebra by the
double commutant theorem. In fact, all abelian von Neu-
mann algebras on a separable Hilbert space can be identi-
fied with 𝐿∞(𝑋,𝜇) for some measure space (𝑋,𝜇).
Classification of factors. A von Neumann algebra 𝑀 is a
factor if its center is trivial: 𝑀 ∩ 𝑀′ = ℂ1𝑀. Every von
Neumann algebra admits a direct integral decomposition
over its center into factors. Thus, the classification of von
Neumann algebras reduces to the study of factors. Further-
more, the classification of factors involves the cone of posi-
tive elements

𝑀+ = {𝑡∗𝑡 ∶ 𝑡 ∈ 𝑀}
in a factor 𝑀 and the lattice of projections

𝒫(𝑀) = {𝑝 ∈ 𝑀 ∶ 𝑝 = 𝑝2, 𝑝 = 𝑝∗}

in 𝑀.
A linear map 𝑤 ∶ 𝑀+ → [0,∞] is a tracial weight on 𝑀

if 𝑤(𝑡∗𝑡) = 𝑤(𝑡𝑡∗) for all 𝑡 ∈ 𝑀. A factor 𝑀 is

• type I𝑛 if 𝑤(𝒫(𝑀)) = {0, 1/𝑛, 2/𝑛,… ,1}
• type I∞ if 𝑤(𝒫(𝑀)) = {0, 1, 2,… , }
• type II1 if 𝑤(𝒫(𝑀)) = [0, 1]
• type II∞ if 𝑤(𝒫(𝑀)) = [0,∞)
• type III if 𝑤(𝒫(𝑀)) = {0,∞}

for some tracial weight𝑤. Whenever𝑀 is a factor, any tra-
cial weight is unique up to a positive scalar, making type
decomposition well-defined. Factors of type I𝑛 are iso-
morphic to 𝐵(ℋ) for some Hilbert space of dimension 𝑛.
Type III factors can be further decomposed into so-called
type III𝜆 factors for 𝜆 ∈ [0, 1], but we will not elaborate
the distinguishing features here.

Given a type I𝑛 or II1 factor 𝑀, the unique weight 𝑤 ∶
𝑀+ → [0,∞) satisfying 𝑤(1𝑀) = 1 extends to a linear

functional on 𝑀. Observing that every element 𝑥 ∈ 𝑀
decomposes as a linear combination

𝑥 = 𝑥+ − 𝑥− + 𝑖𝑦+ − 𝑖𝑦−

of four elements in 𝑀+, the trace 𝜏 ∶ 𝑀 → ℂ is the linear
functional defined by

𝜏(𝑥) ∶= 𝑤(𝑥+) −𝑤(𝑥−) + 𝑖𝑤(𝑦+) − 𝑖𝑤(𝑦−).

The functional𝜏 satisfies the trace property𝜏(𝑥𝑦) = 𝜏(𝑦𝑥)
for all 𝑥,𝑦 ∈ 𝑀 and is uniquely determined if we insist
that 𝜏(1𝑀) = 1. If 𝑀 is a type I𝑛 factor, then 𝜏 ∶ 𝑀 → ℂ
is the normalized trace on 𝑀𝑛(ℂ).
Group algebras. Von Neumann observed that group rep-
resentation theory provides us with a potentially rich col-
lection of von Neumann algebras. We direct our attention
to the left regular representation of a countable group Γ en-
dowed with the discrete topology. Consider the Hilbert
space ℓ2(Γ) with basis {𝛿𝛾}𝛾∈Γ . The left regular represen-

tation is the unitary representation 𝜆 ∶ Γ → 𝐵(ℓ2(Γ)) de-
fined by linearly extending the map 𝜆𝜎(𝛿𝛾) = 𝛿𝜎𝛾 for all
𝜎,𝛾 ∈ Γ. This embeds a copy of the group ringℂ[Γ] into
𝐵(ℓ2(Γ)). Taking either the norm closure or the WOT clo-
sure of ℂ[Γ] gives either 𝐶𝜆(Γ) or 𝐿(Γ), the reduced group
C∗-algebra of Γ or the group von Neumann algebra of Γ, re-
spectively.

In both of these cases, there is a canonical trace given by
𝜏(𝑥) = (𝑥𝛿𝑒| 𝛿𝑒), where 𝑒 ∈ Γ is the identity. A group
von Neumann algebra is a II1 factor precisely when Γ is an
i.c.c. group, that is, a group for which the conjugacy class
of every nontrivial element has infinite order. Examples
of i.c.c. groups are 𝑆∞ = ⋃𝑛≥2 𝑆𝑛, the group of finitely
supported permutations of ℕ, and 𝔽𝑛, the free group on
𝑛 ≥ 2 generators. Murray and von Neumann used this
construction to give examples of two nonisomorphic von
Neumann algebras, namely 𝐿(𝑆∞) and 𝐿(𝔽2). The free
groups factor problem, which in one form asks whether
𝐿(𝔽2) ≄ 𝐿(𝔽3), is a question whose answer is currently
unknown. Efforts to understand this led to the develop-
ment of Voiculescu’s free probability theory, a topic we
visit in the subsection “Free probability theory.”
The hyperfinite II1 factor. An algebra (𝐶∗- or von Neu-
mann) is hyperfinite if there exists an increasing sequence
of finite-dimensional subalgebras whose union is dense
(with respect to the relevant topology) in the algebra. For

example, 𝐿(𝑆∞) = ⋃𝑛≥2 𝐿(𝑆𝑛)
𝑊𝑂𝑇

is a hyperfinite type
II1 factor. Murray and von Neumann were able to prove
that any two hyperfinite II1 factors are necessarily isomor-
phic. We denote by

ℛ ∶= 𝐿(𝑆∞)

the unique hyperfinite II1 factor, up to isomorphism. One
of the consequences of Connes’ work shows that ℛ is the
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“smallest” II1 factor in the sense that every II1 factor admits
an embedding of ℛ.

A canonical construction of a hyperfinite algebra arises
by considering the embeddings

𝑀2(ℂ) ↪ 𝑀4(ℂ) ↪ 𝑀8(ℂ) ↪
mapping 𝑥 ∈ 𝑀2𝑛(ℂ) to

(𝑥 0
0 𝑥) ∈ 𝑀2𝑛+1(ℂ).

Provided we use normalized traces, this forms a sequence
of trace-preserving embeddings. The inductive limit 𝐴 of
this procedure is an infinite-dimensional ∗-algebra with
a tracial state 𝜏0 ∶ 𝐴 → ℂ and trace-preserving embed-
dings of 𝑀2𝑛(ℂ) ↪ 𝐴 . The GNS construction with re-
spect to 𝜏0 gives us a Hilbert space ℋ and a faithful rep-
resentation 𝜋 ∶ 𝐴 → 𝐵(ℋ). Closing these objects in ei-
ther norm (resp., WOT) produces a uniformly hyperfinite
(UHF) (resp., hyperfinite) 𝐶∗- or von Neumann algebra,
respectively.

We may attempt to produce nonisomorphic examples
by emulating this procedure and taking trace-preserving
embeddings of the form

𝑀𝑘1(ℂ) ↪ 𝑀𝑘2(ℂ) ↪ 𝑀𝑘3(ℂ) ↪
for some sequence {𝑘𝑛} in ℕ\{1}. A theorem of Glimm
shows that there exist uncountably many nonisomorphic
UHF 𝐶∗-algebras arising in this way, and they are distin-
guished by the generating sequence {𝑘𝑛}. The von Neu-
mann algebra case is vastly different. Connes’ classifica-
tion of injective factors proves that all von Neumann alge-
bras produced in thismanner are isomorphic toℛ. Indeed
ℛ is an example of a type II1 factor with the trace playing
the role of the weight in its type decomposition.

We would be remiss if we did not expand on the clas-
sification of injective factors acting on a separable Hilbert
space. This endeavor nearly came to a close with Connes’
landmark result, which earned him the Fields Medal in
1982. In [2], Connes establishes the equivalence between
the notions of injectivity and hyperfiniteness for von Neu-
mann algebras. This settled numerous open problems,
such as whether any subfactor of the hyperfinite II1 fac-
tor is hyperfinite. Building on his previous works, Connes
goes on to show that for each of the types II1, II∞, or III𝜆
with 𝜆 ∈ (0, 1), there is a unique injective von Neumann
algebra and it is hyperfinite. While it is well known that
type III0 are not classifiable through “simple” means,
Haagerup was able to prove that there is exactly one hy-
perfinite type III1 factor, essentially closing the book on
the classification of injective factors.
Amenability. Why it is so difficult to differentiate one
group II1 factor from another? The heart of this problem
lies in understanding representation-theoretic aspects of
the group itself.

A discrete group Γ is amenable if there is a sequence of
finite subsets {𝐹𝑛} of Γ so that for all 𝛾 ∈ Γ,

lim
𝑛→∞

|𝛾𝐹𝑛Δ𝐹𝑛|
|𝐹𝑛|

= 0,

where 𝐹Δ𝐺 denotes the symmetric difference of sets.
Equivalently, we ask if the left regular representation con-
tains a sequence of unit vectors {𝜉𝑛} ∈ ℓ2(Γ) so that

lim
𝑛→∞

‖𝜆𝛾(𝜉𝑛) − 𝜉𝑛‖ = 0

for every 𝛾 ∈ Γ. In essence, this means that the group and
its group operation can be approximated by finite struc-
tures. The prototypical example is the integers ℤ, though
this class contains others such as (⊕ℤℤ/2)⋊ℤ, (⊕ℤℤ)⋊ℤ,
and 𝑆∞. Connes’ classification of injective factors demon-
strates that in the case of group von Neumann algebras, an
i.c.c. group Γ is amenable if and only if 𝐿(Γ) ≃ ℛ.

To provide nonexamples, we use an equivalent formu-
lation of amenability: a group Γ is amenable if there does
not exist a finitely additive mean 𝜇 ∶ 𝒫(Γ) → [0, 1] that
satisfies 𝜇(𝛾⋅𝐸) = 𝜇(𝐸). It is a standard exercise to show
that 𝔽𝑛 is a nonamenable group whenever𝑛 ≥ 2. An argu-
ment establishing this fact is similar to that which demon-
strates the Banach–Tarski paradox and is in fact a necessary
first step in the proof of the paradox. For this reason, non-
amenable groups are often considered to be groups that
admit “paradoxical decompositions.”
Tensor products. Wewill take various objects, such as Hil-
bert spaces, 𝐶∗-algebras, and von Neumann algebras, and
add more structure to their algebraic tensor products, re-
calling that the algebraic tensor product is just the tensor
product of vector spaces. For example, given two Hilbert
spaces ℋ,𝒦, we start with the algebraic tensor product
ℋ⊗𝒦 and produce theHilbertian tensor productℋ⊗2𝒦,
the completion of the pre-Hilbert space ℋ ⊗ 𝒦 with re-
spect to the inner product on finite sums given by

⎛
⎝
∑
𝑖
𝜉𝑖 ⊗𝜂𝑖

||||||
∑
𝑗
𝜉𝑗 ⊗𝜂𝑗⎞

⎠ℋ⊗2𝒦

∶= ∑
𝑖,𝑗

(𝜉𝑖| 𝜉𝑗)ℋ (𝜂𝑖| 𝜂𝑗)𝒦.

Let 𝒜 and ℬ be either 𝐶∗- or von Neumann algebras.
Their algebraic tensor product 𝒜⊗ℬ is a ∗-algebra with
the product and involution given on finite sums by

(∑
𝑖
𝑎𝑖 ⊗𝑏𝑖)⎛

⎝
∑
𝑗
𝑐𝑗 ⊗𝑑𝑗⎞

⎠
= ∑

𝑖,𝑗
𝑎𝑖𝑐𝑗 ⊗𝑏𝑖𝑑𝑗

and

(∑
𝑖
𝑎𝑖 ⊗𝑏𝑖)

∗

= ∑
𝑖
𝑎∗
𝑖 ⊗𝑏∗

𝑖 .

The tensor product of two von Neumann algebras 𝑀 ⊆
𝐵(ℋ),𝑁 ⊆ 𝐵(𝒦) is formed by first taking the Hilbertian
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tensor product ℋ⊗2 𝒦 and the algebraic tensor product
𝑀 ⊗ 𝑁. This implements a representation of operators
acting on ℋ⊗2 𝒦 via the formula

(𝑚⊗ 𝑛)(𝜉 ⊗ 𝜂) = (𝑚𝜉)⊗ (𝑛𝜂)

for every 𝑚 ∈ 𝑀, 𝑛 ∈ 𝑁, 𝜉 ∈ ℋ, and 𝜂 ∈ 𝒦. We then
take the WOT closure in 𝐵(ℋ ⊗2 𝒦) of these operators
to form the von Neumann algebra tensor product 𝑀⊗̄𝑁. For
group von Neumann algebras, this construction gives an
identification between 𝐿(Γ ×Λ) and 𝐿(Γ)⊗̄𝐿(Λ).

Constructing 𝐶∗-algebras from tensor products is far
more interesting and is explored in the subsection “The
minimal and maximal 𝐶∗-algebra tensor products.”
Ultraproduct constructions. Let us take a II1 factor 𝑀 ⊂
𝐵(ℋ). Connes’ work tells us that ℛ is the only II1 fac-
tor that may be approximated by finite-dimensional struc-
tures. But what if instead we attempt to approximate a II1
factor 𝑀 by ℛ? In what sense are we approximating 𝑀 by
ℛ? To answer the second question, we first need to extend
the notion of a limit.

A (proper) filter ℱ on ℕ is a collection ℱ of subsets of
ℕ such that

(1) ℕ ∈ ℱ,
(2) ∅ ∉ ℱ,
(3) if 𝐴 ∈ ℱ and 𝐴 ⊆ 𝐵, then 𝐵 ∈ ℱ, and
(4) if 𝐴,𝐵 ∈ ℱ, then 𝐴∩𝐵 ∈ ℱ.

Informally, a filter tells us which subsets of ℕ are consid-
ered to be large. An important filter is the cofinite filter,
denoted by ℱ0, which consists of all subsets of ℕ whose
complement in ℕ is a finite set.

A filter ℱ is an ultrafilter if for every 𝐴 ⊂ ℕ, either 𝐴 ∈
ℱ or 𝐴𝑐 ∈ ℱ. A standard maximality argument shows
that every filter can be extended to an ultrafilter, though
this completion is not unique. Ultrafilters containing ℱ0
are called nonprincipal ultrafilters.

Throughout this discussion, we fix a nonprincipal ultra-
filter 𝒰 on ℕ. The collection 𝒰 may be used to form lim-
its of bounded sequences {𝑠𝑛}∞𝑛=1 ∈ 𝑋 in a proper metric
space (𝑋,𝑑), even when a classical limit does not exist.
For example, if 𝑥𝑛 = (−1)𝑛 is a sequence in ℝ, then the
ultralimit of the sequence, which we denote by lim𝑛→𝒰 𝑥𝑛,
will either be −1 or 1 depending on whether 𝒰 contains
the set of even or odd numbers. In essence, the ultralimit
along an ultrafilter 𝒰 is a preferred choice of a convergent
subsequence. Moreover, if 𝑋 admits an algebra structure,
the operation lim𝑛→𝒰 obeys traditional limit laws such as
linearity and multiplicativity.

Let (𝑀𝑛, 𝜏𝑛)∞𝑛=1 be a countably infinite family of II1
factors with traces 𝜏𝑛 ∶ 𝑀𝑛 → ℂ. We define the space

ℓ∞(𝑀𝑛) ∶= {(𝑥𝑛) ∶ 𝑥𝑛 ∈ 𝑀𝑛, sup
𝑛∈ℕ

‖𝑥𝑛‖ < ∞}

and the ideal ℐ𝒰 of ℓ∞(𝑀𝑛),
ℐ𝒰 ∶= {(𝑥𝑛) ∈ ℓ∞(𝑀𝑛) ∶ lim

𝑛→𝒰
𝜏𝑛(𝑥∗

𝑛𝑥𝑛) = 0}.

The ultraproduct of (𝑀𝑛, 𝜏𝑛)∞𝑛=1 along 𝒰 is the II1 factor
∏𝑀𝑛/𝒰 = ℓ∞(𝑀𝑛)/ℐ𝒰 with trace 𝜏(𝑥𝑛) =
lim𝑛→𝒰 𝜏𝑛(𝑥𝑛). It is a nontrivial exercise to show that the
ultraproduct of II1 factors is again a II1 factor (see [1,4]). If
𝑀𝑛 = 𝑀 for every 𝑛 ∈ ℕ, then we write∏𝑀/𝒰 ∶= 𝑀𝒰,
and in this case we say that 𝑀𝒰 is the ultrapower of 𝑀. It
should be noted that a II1 factor arising from an ultraprod-
uct of II1 factors is necessarily represented on a nonsepara-
ble Hilbert space.

Connes’ Embedding
Before stating Connes’ embedding problem we wish to
make a few remarks. As was mentioned, Connes nearly
completed the classification of injective factors in his sem-
inal paper [2], where (among other things) he shows that
each of the factors of types II1, II∞, and III𝜆 for 𝜆 ∈ (0, 1)
is isomorphic to a unique hyperfinite von Neumann alge-
bra of the corresponding type. Connes proves that the free
group factors 𝐿(𝔽𝑛), 𝑛 ≥ 2, admit a sequence of approxi-
mate algebraic embeddings into matrix algebras. Further-
more, these embeddings can be chosen in such a way that
they approximately preserve the trace. He further remarks
that such a construction ought to hold for any separable
II1 factor. The precise statement is as follows:

Conjecture 6 (Connes’ embedding problem). If 𝑀 is a
separable II1 factor with trace 𝜏 then for any 𝜀 > 0 and finite
subset 𝐹 ⊂ 𝑀, there exists 𝑛 ∈ ℕ and a function 𝜑 ∶ 𝑀 →
𝑀𝑛(ℂ) so that 𝜑(1𝑀) = 1𝑀𝑛 and so that for all 𝑥,𝑦 ∈ 𝐹:

(1) ‖𝜑(𝑥 + 𝑦) −𝜑(𝑥) −𝜑(𝑦)‖2,𝑛 < 𝜀,
(2) ‖𝜑(𝑥𝑦) −𝜑(𝑥)𝜑(𝑦)‖2,𝑛 < 𝜀,
(3) |𝜏(𝑥) − 𝜏𝑛(𝜑(𝑥))| < 𝜀,

where ‖𝑚‖2,𝑛 ∶= √𝜏𝑛(𝑚∗𝑚) for all 𝑚 ∈ 𝑀𝑛(ℂ).
Properties (1) and (2) state that 𝜑 ∶ 𝑀 → 𝑀𝑛(ℂ) is

approximately an algebraic homomorphism with respect
to the Hilbert–Schmidt norm on 𝑀𝑛(ℂ), and condition
(3) shows that 𝜑 respects the trace. Taking a sequence of
𝜀𝑛 > 0 that tend to 0, we may restate Connes’ embedding
problem in the following manner:

Conjecture 7. Let 𝒰 be a nonprincipal ultrafilter on ℕ. Then
every separable II1 factor 𝑀 admits a trace-preserving embed-
ding into ℛ𝒰.

In the words of S. Popa, the elements of a vonNeumann
algebra that embed into ℛ𝒰 may be “simulated” in an ap-
propriate sense by sequences valued in the unique hyper-
finite II1 factor ℛ.

One may inquire whether there exists some II1 factor
𝑁 into which every II1 factor embeds in a trace-preserving
manner. In [14], Ozawa shows that any such II1 factor
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must necessarily be nonseparable. It is a well-known fact
thatℛ𝒰 is not faithfully represented on a separableHilbert
space and thus is a viable natural candidate.
Hyperlinear groups. For each 𝑛 ∈ ℕ, let𝑈(𝑛) ⊆ 𝑀𝑛(ℂ)
denote the group of 𝑛×𝑛 unitary matrices, equipped with
the Hilbert–Schmidt norm

𝑑𝐻𝑆(𝑢, 𝑣) = √𝜏𝑛((𝑢 − 𝑣)∗(𝑢 − 𝑣)).
The ultraproduct of (𝑈(𝑛𝑖) ⊆ 𝑀𝑛𝑖(ℂ))∞𝑖=1 is the group

∏𝑈(𝑛𝑖)/𝒰 ∶= ∏∞
𝑖=1 𝑈(𝑛𝑖)

{(𝑔𝑖)∞𝑖=1 ∶ lim𝑖→𝒰 𝑑𝐻𝑆(𝑔𝑖, 1) = 0}.

A group Γ is hyperlinear if there exist a sequence of unitary
groups {𝑈(𝑛𝑖)}∞𝑖=1, an ultrafilter𝒰 onℕ, and an injective
group homomorphism Γ ↪ ∏𝑈(𝑛𝑖)/𝒰. A deeper treat-
ment of ultraproducts of groups and their properties may
be found in [1,17].

It is conceivable that every group is hyperlinear, and in
fact the existence of a nonhyperlinear group is sufficient to
disprove Connes’ embedding conjecture:

Theorem 8 (Radulescu). The following are equivalent:

(1) 𝐿(Γ) ↪ ℛ𝒰 for all countable i.c.c. groups.
(2) Every i.c.c. group is hyperlinear.

Free probability theory. Viewing the trace 𝜏 ∶ 𝑀 → ℂ
on a II1 factor 𝑀 as a noncommutative analogue of the in-
tegral on a probability space, Voiculescu defined notions
of independence and entropy for tuples of self-adjoint el-
ements in 𝑀. This abstract formalism allows one to gen-
eralize the classical theory of probability to the more gen-
eral theory of noncommutative probability theory by re-
placing random variables and their expectations with self-
adjoint operators and their traces. Surprisingly, Connes’
embedding conjecture has an equivalent formulation in
this realm.

We fix a finite collection of 𝑛 self-adjoint elements in a
II1 factor 𝑥1,… , 𝑥𝑛 ∈ 𝑀. Given an element of the form
(𝑦 = 𝑥𝑖1 ⋯𝑥𝑖𝑗) ∶ 1 ≤ 𝑗 ≤ 𝑛, 𝑖1,… , 𝑖𝑗 ∈ {1,… ,𝑛}, the
mixed moment of 𝑦 is 𝜏(𝑦). The set

{𝜏(𝑥𝑖1 ⋯𝑥𝑖𝑗) ∶ 1 ≤ 𝑗 ≤ 𝑛, 𝑖1,… , 𝑖𝑗 ∈ {1,… ,𝑛} }
is the collection of all possible mixed moments of the 𝑛-
tuple (𝑥1,… , 𝑥𝑛), that is, the collection of values of the
trace over every possible product of the 𝑥𝑖s.

Mimicking the classical notion of Shannon entropy, Voi-
culescu defined the following analogue of microstates for
the noncommutative setting. We let 𝜏𝑘 ∶ 𝑀𝑘(ℂ) → ℂ
denote the normalized trace on the 𝑘×𝑘 matrices. Given
𝑅 > 0, 𝑚,𝑘 ∈ ℕ, and 𝜀 > 0, the set of approximating
matricial microstates, denoted by Γ𝑅((𝑥1,… , 𝑥𝑛),𝑚, 𝑘, 𝜀),
is the collection of 𝑛-tuples of 𝑘 × 𝑘 matrices (𝑟1,… , 𝑟𝑛)
such that

|𝜏(𝑥𝑖1 ⋯𝑥𝑖𝑗) − 𝜏𝑘(𝑟𝑖1 ⋯𝑟𝑖𝑗)| < 𝜀

for every 𝑗 ∈ {1,… ,𝑚} and 𝑖1,… , 𝑖𝑗 ∈ {1,… ,𝑛} with
‖𝑟𝑖‖ ≤ 𝑅. We note that the set Γ𝑅((𝑥1,… , 𝑥𝑛),𝑚, 𝑘, 𝜀)
may be empty for certain choices of parameters.

An 𝑛-tuple of self-adjoint elements in 𝑀 has microstates
if for every 𝜀 > 0, there exist parameters𝑅 > 0,𝑚,𝑘 ∈ ℕ,
so that Γ𝑅((𝑥1,… , 𝑥𝑛),𝑚, 𝑘, 𝜀) ≠ ∅. Heuristically, the
existence of microstates is equivalent to having the ability
to model the noncommutative probability distribution of
𝑛-tuples of operators in 𝑀 by sequences of matrices. This
hints at Voiculescu’s observation connecting microstates
and Connes’ embedding conjecture [19].

Theorem 9. Let 𝑀 be a II1 factor. The following are equiva-
lent.

(1) Every set of self-adjoint elements 𝑥1,… , 𝑥𝑛 ∈ 𝑀 has
microstates.

(2) 𝑀 ↪ ℛ𝒰.

Continuous model theory. In light of a classical theorem
of Łoś, ultrapower constructions play a foundational role
inmodel theory. The underlying idea in continuousmodel
theory is to transform classical predicate logic into a con-
tinuous one. Here, the standard truth values {𝑇,𝐹} are
replaced with the interval [0, 1], quantifiers ∀ and ∃ are
replaced by sup and inf, and continuous functions from
[0, 1]𝑛 → [0, 1] will be our connectives. The model the-
ory of von Neumann algebras takes this one step further
by viewing a II1 factor𝑀 with trace 𝜏 as a logical structure
with a metric arising from the 2-norm ‖𝑥‖2 ∶= √𝜏(𝑥∗𝑥)
for all 𝑥 ∈ 𝑀. The interplay between the operator norm
and the 2-norm on 𝑀 introduces complexity when con-
sidering 𝑀 as a logical structure. We remark that the un-
derstanding of continuous model theory of II1 factors is
currently in its infancy (see [4,5]).

Recall that one of the outcomes of Connes’ work shows
that ℛ embeds into any II1 factor 𝑀. On the other hand,
Connes’ embedding conjecture asserts that 𝑀 ↪ ℛ𝒰. Us-
ing the language of model theory, a positive solution to
Connes’ embedding states that ℛ𝒰 is a locally universal
object in the category of II1 factors. But another question
may be whether or not a locally universal II1 factor exists
at all. Using model theoretic techniques, there does in fact
exist such a II1 factor; a positive solution to Connes’ em-
bedding will show that ℛ is locally universal [7].

Kirchberg’s Conjecture
In the 1990s Eberhard Kirchberg discovered a highly non-
trivial equivalent form of Connes’ embedding conjecture
[11]. Explaining the equivalence would take us outside the
scope of this article, but we point out that in this landmark
paper Kirchberg presented many equivalences to Connes’
original problem and what we will refer to as Kirchberg’s
conjecture is only one such equivalence. In order to ex-
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plain Kirchberg’s conjecture we must start at its founda-
tions.
The minimal and maximal 𝐶∗-algebra tensor products.
Let 𝒜 and ℬ be 𝐶∗-algebras and let

𝜋 ∶ 𝒜 → 𝐵(ℋ) and 𝜎 ∶ ℬ → 𝐵(𝒦)
denote the faithful representations afforded by the GNS
construction. For a finite sum 𝑥 = ∑𝑖 𝑎𝑖 ⊗ 𝑏𝑖 ∈ 𝒜⊗ℬ,
the minimal 𝐶∗-tensor product norm is

‖𝑥‖𝐶∗-min ∶= ‖∑
𝑖
𝜋(𝑎𝑖) ⊗𝜎(𝑏𝑖)‖

𝐵(ℋ⊗2𝒦)
. (4)

As before, we let ⊗2 denote the Hilbertian tensor product.
The completion of 𝒜 ⊗ ℬ with respect to ‖⋅‖𝐶∗-min is a
𝐶∗-algebra denoted 𝒜⊗𝐶∗-min ℬ and called the minimal
𝐶∗-algebra tensor product of𝒜 andℬ. It can be shown that
the minimal 𝐶∗-algebra tensor product is independent of
choice of representations.

Given 𝑥 ∈ 𝒜⊗ℬ, its maximal 𝐶∗-tensor product norm
is

‖𝑥‖𝐶∗-max ∶= sup{‖𝜋(𝑥)‖}, (5)

where the supremum runs over all Hilbert spaces ℋ and
all representations 𝜋 ∶ 𝒜⊗ℬ ⟶ 𝐵(ℋ). We denote the
completion, which is again a 𝐶∗-algebra, of the algebraic
tensor product with respect to ‖⋅‖𝐶∗-max by 𝒜⊗𝐶∗-max ℬ
and call it the maximal 𝐶∗-algebra tensor product.

As wemight expect from the terminology, it follows that
given any norm ‖⋅‖𝛼 on 𝒜⊗ℬ that is submultiplicative,
preserved under the involution, satisfies the 𝐶∗-identity
(3), and yields a 𝐶∗-algebra after completing, then

‖⋅‖𝐶∗-min ≤ ‖⋅‖𝛼 ≤ ‖⋅‖𝐶∗-max .
When does equality hold in the preceding?

Definition 10. A 𝐶∗-algebra 𝒜 is nuclear if for all 𝐶∗-
algebras ℬ,

𝒜⊗𝐶∗-min ℬ = 𝒜⊗𝐶∗-max ℬ.

Examples of nuclear𝐶∗-algebras are thematrix algebras
𝑀𝑛(ℂ) for all 𝑛 ≥ 1. In particular, every finite-dimen-
sional 𝐶∗-algebra is nuclear. If 𝑋 is a compact Hausdorff
space, then 𝐶(𝑋) is nuclear, and thus every abelian 𝐶∗-
algebra is nuclear.
Lance’s weak expectation property. It can be checked that
given an inclusion of algebras 𝒜 ⊂ 𝒜𝑜, then 𝒜 ⊗ ℬ ⊂
𝒜𝑜 ⊗ℬ for all algebras ℬ. This inclusion principle quickly
fails once we put more structure on the algebraic tensor
product. If𝒜 ⊂ 𝒜𝑜 andℬ are𝐶∗-algebras, then since ev-
ery representation of𝒜𝑜⊗ℬ is a representation of𝒜⊗ℬ
by restricting, the maximal norm on 𝒜𝑜 ⊗ℬ will in gen-
eral be smaller than themaximal normon𝒜⊗ℬ. Thus, in
general, ⊗𝐶∗-max does not satisfy the inclusion principle.

In the 1970s Christopher Lance introduced a notion
for 𝐶∗-algebras that he called the weak expectation property
(WEP), and he proved that this notion was directly related
to ⊗𝐶∗-max satisfying the inclusion principle [12].

Definition 11. A unital 𝐶∗-algebra 𝒜 has Lance’s WEP if
the maximal 𝐶∗-algebra tensor product satisfies the inclu-
sion principle with respect to 𝒜.

Thus, 𝒜 has the WEP if for all 𝐶∗-algebras 𝒜𝑜 ⊃ 𝒜
containing 𝒜 as a 𝐶∗-subalgebra, we have the inclusion
of 𝐶∗-algebras

𝒜⊗𝐶∗-max ℬ ⊂ 𝒜𝑜 ⊗𝐶∗-max ℬ
for all𝐶∗-algebrasℬ. The 𝑛th amplification of a linear map
𝜑 ∶ 𝒜 → ℬ is

𝜑(𝑛) ∶ 𝑀𝑛(𝒜) → 𝑀𝑛(ℬ), [𝑎𝑖𝑗]𝑖,𝑗 ↦ [𝜑(𝑎𝑖𝑗)]𝑖,𝑗 .
We say that 𝜑 is a contractive completely positive map (c.c.p.)
if 𝜑(𝑛) is positive for all 𝑛 ∈ ℕ and contractive for 𝑛 = 1.
Here is an equivalent formulation of Lance’s WEP. Realiz-
ing 𝒜 as a 𝐶∗-subalgebra of 𝐵(ℋ), then given the com-
pletely isometric inclusion 𝜄 ∶ 𝒜 ↪ 𝒜∗∗, where 𝒜∗∗

denotes the double dual of 𝒜, 𝜄 extends to a unital, com-
pletely positive map ̃𝜄 ∶ 𝐵(ℋ) → 𝒜∗∗ such that ̃𝜄(𝑎) =
𝑎 for all 𝑎 ∈ 𝒜.
Kirchberg’s conjecture. If Γ is a discrete group, then the
full group 𝐶∗-algebra, 𝐶∗(Γ), is the completion of the
group ring ℂ[Γ] with respect to the norm ‖⋅‖ given for
𝑥 ∈ ℂ[Γ] by

‖𝑥‖ = sup{‖𝜋(𝑥)‖} ,
where the supremum is taken over all representations 𝜋 ∶
ℂ[Γ] ⟶ 𝐵(ℋ) and all Hilbert spaces ℋ. At this point
we are ready to state the equivalent formulation to Connes’
embedding problem known as Kirchberg’s conjecture [11].
Consider the free group 𝔽∞ on a countably infinite num-
ber of generators and its full group 𝐶∗-algebra 𝐶∗(𝔽∞).
Conjecture 12 (Kirchberg’s conjecture). 𝐶∗(𝔽∞) has
Lance’s WEP.

This was shown to be equivalent to a weaker nuclear-
ity property of 𝐶∗(𝔽∞), whether there was only one 𝐶∗-
structure on 𝐶∗(𝔽∞) ⊗ 𝐶∗(𝔽∞). In other words, does it
follow that

𝐶∗(𝔽∞) ⊗𝐶∗-min 𝐶∗(𝔽∞) = 𝐶∗(𝔽∞) ⊗𝐶∗-max 𝐶∗(𝔽∞)?
It can be shown that every unital 𝐶∗-algebra 𝒜 can be

written as a quotient of 𝐶∗(𝔽) for some free group 𝔽. We
say that a unital𝐶∗-algebra isQWEP if it is the quotient of
a𝐶∗-algebra with Lance’s WEP. Kirchberg conjectured that
every unital 𝐶∗-algebra had QWEP, which if true, would
give an affirmative answer to Connes’ original conjecture.

Conjecture 13 (Kirchberg’s QWEP conjecture). Every
𝐶∗-algebra is QWEP.
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Tsirelson’s problem. In our discussion on Connes’ origi-
nal problem the recurring themewas the approximation of
infinite dimensions by finite dimensions. An experiment
arising in quantum information theory concerns two inde-
pendent observers making measurements on a quantum
system. In 1980 Boris Tsirelson noticed that Bell’s inequal-
ity had intimate connections with certain famous inequal-
ities arising in analysis [18]. Here we present the operator
algebraic reformulation of this experiment and Tsirelson’s
observations.

Consider an 𝑚-tuple (𝑃𝑖)𝑚𝑖=1 of pairwise orthogonal
projections on some Hilbert spaceℋ such that∑𝑖 𝑃𝑖 = 𝐼.
For specific reasons this object is also called a projection-
valued measure (PVM) with 𝑚-outputs. Let (𝑄𝑗)𝑚𝑗=1 be
another such tuple of pairwise orthogonal projections on
ℋ such that 𝑃𝑖𝑄𝑗 = 𝑄𝑗𝑃𝑖 for all 𝑖 and 𝑗. If 𝜉 ∈ ℋ
is a unit vector, then by looking at matrices of the form
[(𝜉|𝑃𝑖𝑄𝑗𝜉)]𝑖,𝑗 we ask whether these matrices can be ap-
proximated by matrices of the same form but where we
only consider finite-dimensional Hilbert spaces. The short
answer to this question is yes. A much more complicated
scenario is where we consider a 𝑑-tuple of PVMs each with
𝑚-outputs. Thus, we consider the scenario where
(𝑃1, ..., 𝑃𝑑) and (𝑄1, ...,𝑄𝑑) are tuples of PVMswhere for
each 1 ≤ 𝑎 ≤ 𝑑, (𝑃𝑎

𝑖 )𝑚𝑖=1 is itself an 𝑚-tuple of pairwise
orthogonal projections on the Hilbert space ℋ, and sim-
ilarly for each (𝑄𝑏

𝑗)𝑚𝑗=1, 1 ≤ 𝑏 ≤ 𝑑,1 ≤ 𝑗 ≤ 𝑚. The

condition of commutativity implies that 𝑃𝑎
𝑖 𝑄𝑏

𝑗 = 𝑄𝑏
𝑗𝑃𝑎

𝑖
for all 1 ≤ 𝑖, 𝑗 ≤ 𝑚, and 1 ≤ 𝑎,𝑏 ≤ 𝑑.
Definition 14. In the above scenario, a covariance matrix
will be a matrix of the form [(𝜉|𝑃𝑎

𝑖 𝑄𝑏
𝑗𝜉)]𝑎,𝑖;𝑏,𝑗, and

the set of all such matrices will be denoted
𝑄𝑐(𝑚,𝑑).

The space of covariancematrices with PVMs restricted to
finite-dimensional Hilbert spaces will be denoted
𝑄𝑠(𝑚,𝑑). One can show that 𝑄𝑐(𝑚,𝑑) is closed (limits
of covariance matrices are covariance matrices), and since
we have that 𝑄𝑠(𝑚,𝑑) ⊂ 𝑄𝑐(𝑚,𝑑) then 𝑄𝑠(𝑚,𝑑) ⊂
𝑄𝑐(𝑚,𝑑).
Problem 15 (Tsirelson’s problem). Does it follow that
𝑄𝑠(𝑚,𝑑) = 𝑄𝑐(𝑚,𝑑) for all 𝑚 and 𝑑?

An affirmative answer to Tsirelson’s problem would
yield an affirmative answer to Kirchberg’s conjecture and
therefore to Connes’ original problem. We refer the inter-
ested reader to [3, 8, 16] for excellent treatments of this
equivalence.
Does local lifting imply Lance’s WEP? We wish to fin-
ish our discussion on Kirchberg’s conjecture with one fi-
nal equivalence that merits further analysis. Let 𝒜 and
ℬ be unital 𝐶∗-algebras. A self-adjoint (closed under in-
volution) unital subspace of 𝒜 will be called an operator

subsystem of 𝒜. Given an ideal (closed, two-sided) 𝒥 ⊂ ℬ,
consider a c.c.p. map 𝜑 ∶ 𝒜 → ℬ/𝒥. If 𝑞 ∶ ℬ → ℬ/𝒥
denotes the canonical quotient map of ℬ onto the quo-
tient𝐶∗-algebraℬ/𝒥, then𝜑 lifts locally if given any finite-
dimensional operator subsystem ℰ ⊂ 𝒜, there exists a
c.c.p. map 𝜓 ∶ ℰ → ℬ such that 𝑞 ∘𝜓 = 𝜑|ℰ.

Definition 16. A𝐶∗-algebra𝒜 has the local lifting property
(LLP) if for all𝐶∗-algebrasℬ and ideals𝒥 ⊂ ℬ, every c.c.p.
map 𝜑 ∶ 𝒜 → ℬ/𝒥 lifts locally.

Kirchberg showed that 𝐶∗(𝔽) has the LLP for any free
group 𝔽. Thus, we are led into our next and final equiva-
lence of Kirchberg’s conjecture.

Conjecture 17. LLP implies Lance’s WEP.

It is worth pointing out that in [11] Kirchberg asked if
Lance’s WEP implied LLP. This was proven to be false by
Junge and Pisier in [9], where they showed that

𝐵(ℋ)⊗𝐶∗-min 𝐵(ℋ) ≠ 𝐵(ℋ)⊗𝐶∗-max 𝐵(ℋ),

where ℋ is an infinite-dimensional Hilbert space. This
proves that Lance’s WEP does not imply the LLP, since
𝐵(ℋ) can be seen to have Lance’sWEP, recalling the equiv-
alent formulation of Definition 11, and it can be shown
that a unital 𝐶∗-algebra 𝒜 has the LLP if and only if

𝒜⊗𝐶∗-min 𝐵(ℋ) = 𝒜⊗𝐶∗-max 𝐵(ℋ)

for all Hilbert spaces ℋ.

Closing
Our brief treatment of Connes’ embedding problem and
Kirchberg’s conjecture is only part of the story that makes
up this exciting area of operator algebras. Other equiva-
lences to Connes’ embedding problem with connections
to quantum information theory and operator system the-
ory can be found in [6] and [10], respectively. For more
detailed surveys of Connes’ embedding problem, we refer
the interested reader to [1,15].

As was already mentioned in the beginning of the ar-
ticle, Murray and von Neumann developed the founda-
tions of operator algebras after von Neumann had begun
to formalize the mathematics of quantum mechanics. It
is known that during the famous debates between Niels
Bohr and Albert Einstein with regard to the probabilistic
tendencies of the universe, Einstein said, “God does not
play dice.” Thus, in this same spirit we leave you with a
similar farewell. In the words of Vaughan Jones, “Godmay
ormay not play dice, but he sure does love a vonNeumann
algebra.”
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Topological Invariants from
Higher Categories

Nick Gurski, Niles Johnson, and Angélica M. Osorno
While invariants of geometric or topological objects can
be of any sort, most modern invariants are algebraic in
nature. The goal of this article is to survey some of the
ways in which categorical algebra can be utilized to mea-
sure topological phenomena. This area of mathematics is
a relatively recent outcrop on a vast landscape of interac-
tions between algebra and geometry. The critical points
of a differentiable function or the Betti numbers and Euler
characteristic of a topological space are two among many
points of interest on this landscape, and the field of alge-
braic topology has its origins nearby. Venturing further,
Betti numbers were recognized by Noether and Vietoris as
the avatars of homology groups, a perspective that was not
immediately adopted but whose advantages are now clear.
Our route begins here and leads toward higher-categorical
algebra and the topological applications thereof.

Just as the theory of groups provides an abstraction and
formalism for mathematical structures observed in many
examples (e.g., symmetry or additivity), so the theory of
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categories abstracts and formalizes mathematical structure
observed in many applications (e.g., functoriality or natu-
rality). More recently, categories with additional structure
(monoidal, tensor, fusion, enriched, etc.) have found ap-
plications in geometry, representation theory, and physics.
Some of these applications have their roots in the deep
connections between topological invariants and categori-
cal structure. Our discussion below will give an overview
of these connections, outlining several of the key ideas but
focusing on stability (in topology) and symmetric mon-
oidal structure (in category theory).
A natural history of category theory. Even before cate-
gory theory emerged as a distinct mathematical perspec-
tive, the importance of functoriality—that some construc-
tions are preserved by morphisms—had been observed in
various settings. For example, given a ring 𝑅 we can con-
struct the ring of polynomials 𝑅[𝑥] with coefficients in 𝑅,
and any ring homomorphism 𝑓 ∶ 𝑅 → 𝑆 will induce a
ring homomorphism 𝑓∗ ∶ 𝑅[𝑥] → 𝑆[𝑥] by applying 𝑓 to
the coefficients. Similarly, the construction of the dual𝑉∗

of a vector space 𝑉 applies to morphisms as well as to ob-
jects, in the sense that any linear transformation 𝑇∶ 𝑉 →
𝑊 induces a linear transformation (in the opposite direc-
tion!) 𝑇∗ ∶ 𝑊∗ → 𝑉∗.

Functoriality of the fundamental group is what proves
that there is no retraction of a disk 𝐷2 to its boundary cir-
cle 𝑆1. Such a retraction

𝑆1 → 𝐷2 → 𝑆1
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would necessarily induce a retraction on fundamental
groups

ℤ → 0 → ℤ
such that the composite is equal to the identity homomor-
phism on the integers. This produces a contradiction, so
no such retraction can exist. This argument shows the util-
ity of a construction that preserves composition and iden-
tities—the very definition of functoriality.

Eilenberg and Mac Lane introduced category theory per
se to formalize the notion of natural transformation between
functors. Recall that a category C has objects and mor-
phisms, which we draw as vertices and directed edges, to-
gether with a composition law for morphisms and identity
morphisms satisfying associativity and unit axioms. Func-
tors are maps between categories, consisting of a function
sending objects to objects and a function sending mor-
phisms to morphisms, preserving composition and iden-
tities. Natural transformations are then morphisms be-
tween functors. One early motivation was to codify the
properties of the suspension isomorphism for generalized
(co)homology theories (see (2)), but natural transforma-
tions appear in every domain that functors do. For exam-
ple, there is always a ring homomorphism including 𝑅
into𝑅[𝑥] as the subring of constant polynomials. This ho-
momorphism is constructed “naturally” in the sense that
it commutes with all ring homomorphisms: the two com-
posites around the left square in Figure 1 are equal.

Likewise, there is an injective linear transformation
from a vector space to its double dual, which is an isomor-
phism if the vector space is finite-dimensional. This trans-
formation is “naturally” constructed in a way that is uni-
form for any vector space and independent of any choice
of basis. Concretely, this means that the two composites
around the right square in Figure 1 are always equal for
any linear transformation 𝑇.

Category theory provides a language, a context, and in-
deed amathematical theory that abstracts the general prop-
erties of such constructions from their specific instances.
Thus, category theory is sometimes called “the mathemat-
ics of mathematics” for its role in organizing general fea-
tures across mathematical disciplines.

Another point of view on category theory emphasizes
its algebraic nature, by which we mean that it involves data
(objects, morphisms, functors, transformations), rules for
combining that data (identities, composition, etc.), and ax-
ioms such as the associativity of composition or the
equalities in naturality squares. For example, a group 𝐺
can be considered as a category consisting of a single object
whose set of endomorphisms is given precisely by𝐺. Thus,
we can think of categories as generalizations of monoids
or groups and hence as algebraic objects in their own right.

Such a generalization is the start of what is sometimes
called higher-dimensional algebra. Thinking of a set as a col-

𝑅 𝑆

𝑅[𝑥] 𝑆[𝑥]

𝑓

𝑓∗

𝑉 𝑊

𝑉∗∗ 𝑊∗∗

𝑇

𝑇∗∗

Figure 1. Naturality squares.

lection of 0-dimensional elements, the multiplication of
group elements or the addition of vectors is thought of as 0-
dimensional algebra. A category has both 0-dimensional
and 1-dimensional aspects—the objects andmorphisms—
so any algebraic structure on a category is inherently 1-
dimensional. For example, the direct sum of vector spaces
is additive on dimension and thus provides a higher-
dimensional analogue of the sum of natural numbers.

The pattern of organizational framework repurposed as in-
dependent theory leading to higher-dimensional invariants re-
peats within category theory itself. Much of the power of
basic category theory arises from the use of natural trans-
formations. In turn, many of those arguments can be ab-
stracted and formalized in the context of 2-categories, in
which we have 2-dimensional arrows between morphisms.

This process can be continued indefinitely and indeed
has spawned the entire subject of higher-dimensional cate-
gory theory: the study of structures that have objects
(thought of as 0-dimensional points), morphisms between
them (thought of as 1-dimensional arrows), 2-dimension-
al morphisms between those, and so on, together with
composition and identity operations. Like 1-dimensional
category theory, themotivations for developing this higher-
dimensional version come from topology, algebraic geom-
etry, logic, physics, computer science, and the subject it-
self.
An analogy with the theory of groups. Our two perspec-
tives on category theory—as an organizing abstraction and
as a higher-dimensional algebra—are themselves general-
izations of two perspectives on group theory. From one
point of view, groups are an abstraction of symmetries.
Homomorphisms between symmetry groups give compar-
isons between symmetries of one object and those of an-
other. Permutations of polynomial roots (Galois theory)
and symmetries of manifolds (Klein’s Erlangen program)
are two early and formative examples of this perspective.
But we also understand groups as useful algebraic invari-
ants in their own right. Mathematical invariants that are
groups instead of mere numbers will detect more subtle
phenomena.

Example 1. For each natural number 𝑛 we have a sym-
metric group 𝑆𝑛. This can be thought of as a 1-object cat-
egory, where the object is an 𝑛-element set and 𝑆𝑛 is the
set of automorphisms of it. When we put all of these ob-
jects together in a single category, 𝐒, we have an object for
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𝐒
∅ { } { } { } { } { }

⋯
𝑆0 𝑆1 𝑆2 𝑆3 𝑆4 𝑆5

Figure 2. The category 𝐒 has objects given by the natural
numbers and automorphisms given by symmetric groups.

each 𝑛 ≥ 0 and each object has automorphisms given by
its symmetric group. See Figure 2.

This category has further structure given by the disjoint
union of sets and the block sum of permutations. This
endows 𝐒 with an additive structure that, on objects, is
given by the addition of natural numbers. In this way 𝐒
is a higher-dimensional analogue of the natural numbers,
encoding both cardinality and permutations of elements.

The category 𝐒 is an example of a symmetric monoidal
category using the addition defined above, a structure we
will focus on in the latter sections. Symmetric monoidal
categories abound; the category of sets, Sets , with cartesian
product is one, and the category of vector spaces, Vect , with
tensor product is another.

The purpose of this note is to explain how symmetric
monoidal structure in higher category theory corresponds
to stability in topology. We begin with a description of
some classical invariants in algebraic topology and explain
how these are encoded in the categorical algebra of weak
𝑛-groupoids. Then we explain stabilization in topology
and how the corresponding categorical objects arise from
symmetrization. We describe several ways that interesting
topological invariants motivate natural and equally inter-
esting categorical incarnations, focusing on the data aris-
ing from Postnikov towers in topology. The mathemat-
ics we explain here falls under the broad umbrella of the
stable homotopy hypothesis, which we outline over the
course of the article and detail in the section “Low-
Dimensional Examples of the Stable Homotopy Hypoth-
esis.”

The Fundamental Group(oid) and Classifying
Space
The fundamental group(oid). The fundamental group of a
topological space was introduced in 1895 by Poincaré in
Analysis Situs. For a space𝑋 and a basepoint 𝑥 ∈ 𝑋, this is
the group 𝜋1(𝑋, 𝑥) formed by homotopy classes of paths
in 𝑋 beginning and ending at 𝑥. The fundamental group
measures holes of a certain type in a space, as Example 2
demonstrates.

Example 2. The fundamental group of the circle 𝑆1 is iso-
morphic to the group of integers, as is that of an annulus
𝑆1×[0, 1]. A loop is characterized by its (signed) winding
number around the circle. The fundamental group of the
torus 𝑆1 × 𝑆1 is ℤ × ℤ, and a loop is characterized by its
winding numbers around the two coordinate circles. The

Figure 3. Left: a loop with winding number 3 in the annulus;
Middle: a loop with winding number (1,5) in the torus; Right:
contractible loops in the 2-sphere.

fundamental group of the 2-sphere 𝑆2 is trivial because
any loop there can be contracted to a point. See Figure 3
for these examples.

Note that the definition of 𝜋1 depends on a choice of
basepoint for the loops. A path between two points gives
rise to an isomorphism between the fundamental groups
based at those points, but different paths can produce dif-
ferent isomorphisms and different path components can
have different fundamental groups. Thus, the fundamen-
tal group fails to be a functor on the category of topological
spaces. One can either work with based spaces or track the
dependence on basepoints with a higher-categorical struc-
ture. One such structure is the fundamental groupoidΠ1𝑋
of a space 𝑋.

The objects of the fundamental groupoidΠ1𝑋 are given
by the points of𝑋, and themorphisms between two points
𝑥 and 𝑦 are the homotopy classes of paths between them.
The term groupoid is used for a category in which everymor-
phism is invertible, and Π1𝑋 is a groupoid because paths
are reversible. The fundamental group based at a point 𝑥
is recovered as the group of endomorphisms of 𝑥 (all of
which are automorphisms) in the fundamental groupoid.
Moreover, the change-of-basepoint isomorphisms are en-
coded as morphisms in Π1𝑋, and the set of isomorphism
classes of objects is the set 𝜋0(𝑋) of path-connected com-
ponents of 𝑋. At first sight, this may seem to be merely
a clever reframing of elementary notions, but the key fea-
ture is that it allows these two invariants—the set of com-
ponents and the fundamental group(s) thereof—to be en-
coded as a single algebraic object. Unfortunately this is all
the informationΠ1𝑋 carries, so we will need more sophis-
ticated invariants to carry additional topological informa-
tion.
The classifying space. Whereas the fundamental group-
oid makes a category out of a space, taking paths for mor-
phisms, the classifying space constructs a space from a cat-
egory. Given a category 𝐶, the classifying space 𝐵𝐶 (Fig-
ure 4) is constructed as a CW complex with 0-cells given
by the objects of 𝐶, 1-cells given by morphisms, 2-cells
given by composable pairs of morphisms, and, in general,
𝑛-cells given by composable 𝑛-tuples of morphisms. In
particular, every morphism in 𝐶 gives a path in 𝐵𝐶. This
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•𝑥

•𝑦

•𝑧

•𝑤

𝑓

𝑔 ℎ

𝑔∘𝑓

ℎ∘𝑔

Figure 4. The classifying space of a category is constructed as
a CW complex with cells given by composable morphisms.

construction generalizes the notion of classifying space for
a group, where a group is regarded as a 1-object category.

The set 𝜋0(𝐵𝐶) of connected components of 𝐵𝐶 is iso-
morphic to the set of connected components of the un-
derlying graph of objects and arrows in 𝐶. For an object 𝑥
in𝐶, the fundamental group𝜋1(𝐵𝐶, 𝑥) has elements that
are represented by equivalence classes of zigzags of mor-
phisms that start and end at 𝑥,

𝑥 𝑓1→ 𝑥1
𝑓2← 𝑥2

𝑓3→ ⋯ 𝑓𝑛← 𝑥𝑛
𝑓𝑛+1→ 𝑥,

with relations induced by composition. A crucial distinc-
tion between 𝐶 and 𝐵𝐶 is that the latter loses the notion
of directionality of morphisms. If 𝐶 is a groupoid, then
zigzags of morphisms can be replaced by composites in 𝐶
using the inverses of the “wrong way” morphisms. Such a
replacement procedure proves that, for a groupoid, the fun-
damental group 𝜋1(𝐵𝐶, 𝑥) is isomorphic to 𝐶(𝑥, 𝑥), the
group of automorphisms of 𝑥.

This connection can be expressed more clearly in cate-
gorical language. For a general category 𝐶, there is a natu-
ral transformation 𝐶 → Π1𝐵𝐶 known as groupoid comple-
tion, the universal way to invert all morphisms in 𝐶. If 𝐶
is a groupoid, then 𝐶 → Π1𝐵𝐶 is an equivalence of cate-
gories.

The reader might wonder now about the relationship
between 𝑋 and 𝐵Π1𝑋 since they share 𝜋0 and 𝜋1. Spaces
have more homotopy groups than these two, and more-
over they are assembled in complicated ways. This addi-
tional topological information is all controlled by the Post-
nikov tower, which we explain in the next section. To cap-
ture more data in the tower using categorical tools, we ex-
plore in the section “Higher Groupoids, More Subtle Alge-
bra” a higher-dimensional analogue of Π1 that faithfully
reflects more of the Postnikov tower.

Higher Homotopy Groups, More Subtle
Invariants
Loop spaces and higher homotopy groups. Further topo-
logical information beyond the set of connected compo-
nents and their fundamental groups is encoded in the high-
er homotopy groups of a space.

Definition 3. For based spaces𝑋,𝑌, we let [𝑋,𝑌] denote
the set of based homotopy classes of continuous based

maps 𝑋 → 𝑌.

The group 𝜋𝑛(𝑋) is given by the set of based homo-
topy classes of maps from the 𝑛-sphere 𝑆𝑛 into 𝑋, written
[𝑆𝑛,𝑋]. As with 𝜋1, this involves a choice of basepoint
that is often suppressed in the notation; paths between
different basepoints induce isomorphisms on𝜋𝑛 as in the
case 𝑛 = 1. We restrict to path-connected spaces for the
remainder of this section.

For a based space 𝑋, we denote by Ω𝑛𝑋 the space of
based maps from 𝑆𝑛 to 𝑋. When 𝑛 = 1 this is called the
loop space of 𝑋 and is simply denoted Ω𝑋. The elements
of the group 𝜋𝑛(𝑋) are the path components of Ω𝑛𝑋,
and the group structure on 𝜋𝑛(𝑋) (abelian if 𝑛 > 1) is
induced by an up-to-homotopy group structure on Ω𝑛𝑋.
One can show, using the loop-suspension adjunction (1)
below, that the loop space shifts homotopy groups:

𝜋𝑛(Ω𝑋) ≅ 𝜋𝑛+1(𝑋).
These elementary observations are the first signs of a deeper
theory that we will introduce in the sections “Stabilization
in Topology” and “The Algebra of Iterated Loop Spaces.”

A map 𝑓 that is a homotopy equivalence induces iso-
morphisms on homotopy groups.1 A homotopy type is an
equivalence class of spaces under the relation of homotopy
equivalence; i.e.,𝑋 and𝑌 have the same homotopy type if
there is a homotopy equivalence between them. Although
the homotopy type of a space 𝑋 determines its homotopy
groups, the converse is generally not true; an abstract iso-
morphism of homotopy groups does not necessarily in-
duce a homotopy equivalence. One also needs attaching
information, akin to extension classes in group theory. As
we now explain, one can approach the classification of ho-
motopy types from the point of view of basic blocks, the
Eilenberg–Mac Lane spaces, and attaching data known as
Postnikov invariants.

Definition 4. For 𝑛 ≥ 0 and a group 𝐴 (abelian if 𝑛 ≥
2), the 𝑛th Eilenberg–Mac Lane space 𝐾(𝐴,𝑛) is a space
whose homotopy groups are zero except in dimension 𝑛,
and 𝜋𝑛(𝐾(𝐴,𝑛)) ≅ 𝐴.

There aremany ways to construct such a space, but all of
them result in homotopy equivalent spaces. Note that be-
cause the loop space construction shifts homotopy groups,
Ω𝐾(𝐴,𝑛+1) is an Eilenberg–Mac Lane space for 𝐴 in di-
mension 𝑛. Uniqueness therefore implies that𝐾(𝐴,𝑛) ≃
Ω𝐾(𝐴,𝑛 + 1).

Given a space𝑍, we say that a space𝑊 is a delooping of𝑍
if there is a homotopy equivalence 𝑍 ≃ Ω𝑊. Note that
both the space 𝑊 and the homotopy equivalence may not
be unique. The previous paragraph explains that𝐾(𝐴,𝑛+
1) is a delooping of 𝐾(𝐴,𝑛).
1The converse is not true in general but does hold for CW complexes.
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Eilenberg–Mac Lane spaces are closely connected with
ordinary cohomology, as described in the following theo-
rem.2

Theorem 5. Cohomology is represented by homotopy classes of
maps into Eilenberg–Mac Lane spaces. More precisely, for each
natural number 𝑛 > 0, based space 𝑋, and abelian group 𝐴
there are isomorphisms

𝐻𝑛(𝑋;𝐴) ≅ [𝑋,𝐾(𝐴,𝑛)]

natural in 𝑋 and 𝐴.

One can use Eilenberg–Mac Lane spaces to construct a
space with any given sequence of homotopy groups𝐴𝑖 pro-
vided 𝐴𝑖 is abelian for 𝑖 ≥ 2. Indeed, the product

𝑃 = ∏
𝑖
𝐾(𝐴𝑖, 𝑖)

has 𝜋𝑖(𝑃) ≅ 𝐴𝑖. Given a space 𝑋, one can ask whether it
is different from a product of Eilenberg–Mac Lane spaces.
For example, if𝑋 has just two nontrivial homotopy groups,
𝜋1 = 𝐴1 and 𝜋2 = 𝐴2, then 𝑋 sits in a fiber sequence

𝐾(𝐴2, 2) → 𝑋 → 𝐾(𝐴1, 1)

where the first of these maps is an isomorphism on 𝜋2,
and the second is an isomorphism on 𝜋1.

There is an action of 𝜋1(𝑋) = 𝐴1 on 𝜋2(𝑋) = 𝐴2 in-
duced by the fibration structure, and the homotopy type
of 𝑋 depends subtly on this action. However, in the con-
text we study below, this action is necessarily trivial, and
therefore for the remainder of this section we assume that
𝜋1(𝑋) acts trivially on all homotopy groups of 𝑋. Such
spaces are called simple.

The general theory of fibrations then gives a continua-
tion of this sequence to the right:

𝐾(𝐴2, 2) → 𝑋 → 𝐾(𝐴1, 1)
𝑘1→ 𝐾(𝐴2, 3).

The map denoted 𝑘1 corresponds to a cohomology class
in

𝐻3(𝐴1; 𝐴2) ≅ [𝐾(𝐴1, 1),𝐾(𝐴2, 3)],
which we also denote 𝑘1, and it classifies spaces with two
nontrivial homotopy groups in the following sense.

Theorem 6. The total space 𝑋 above decomposes as a prod-
uct 𝐾(𝐴1, 1) × 𝐾(𝐴2, 2) if and only if 𝜋1(𝑋) acts trivially
on 𝜋2(𝑋) and 𝑘1 = 0 in 𝐻3(𝐴1; 𝐴2). More generally, the
homotopy type of such a space is determined by the two groups
and the cohomology class 𝑘1.

2We state this theorem only for 𝑛 > 0 so as to avoid the distinction between
reduced and unreduced cohomology, which agree in positive degrees. It is the
reduced cohomology groups that are represented by Eilenberg–Mac Lane spaces,
and we implicitly take reduced cohomology throughout this article.

𝑋1

𝑋2

𝑋3

⋮

𝐾(𝐴2, 3)

𝐾(𝐴3, 4)

𝐾(𝐴4, 5)

𝐾(𝐴2, 2)

𝐾(𝐴3, 3)

𝑘1

𝑘2

𝑘3

Figure 5. Postnikov tower for a connected space 𝑋. The
highlighted region connecting two different layers is a
homotopy fibration sequence.

Postnikov towers. This map 𝑘1 is called the Postnikov in-
variant at level 1, and our discussion above can be extended
for higher homotopy groups as in Figure 5. For each 𝑛,
we have a map 𝑋 → 𝑋𝑛 inducing an isomorphism on
homotopy groups 𝜋𝑘 for 𝑘 ≤ 𝑛. The space 𝑋𝑛 is called
the 𝑛th Postnikov truncation or the homotopy 𝑛-type of 𝑋.
The homotopy groups 𝜋𝑘(𝑋𝑛) are zero for 𝑘 > 𝑛, so
𝑋1 ≃ 𝐾(𝐴1, 1). The sequence of spaces 𝑋𝑛 and coho-
mology classes 𝑘𝑛 determines this entire diagram, called
the Postnikov tower of 𝑋. The central result of Postnikov
theory can be summed up by the following slogan.

Slogan 7. The homotopy type of a space 𝑋 is determined by its
homotopy groups and Postnikov invariants.

The Postnikov tower presents a connected topological
space in terms of its homotopy groups and the cohomol-
ogy classes along which they are attached. This is dual to
the cellular construction of a space, which proceeds by at-
taching disks and thus presents a space in terms of its ho-
mology groups and the homotopy classes along which el-
ements are attached.

Higher Groupoids, More Subtle Algebra
For a space 𝑋, the fundamental groupoid Π1(𝑋) provides
an algebraic model for the homotopy 1-type of 𝑋. More
precisely, the first Postnikov truncation 𝑋1 and 𝐵Π1𝑋 are
homotopy equivalent. Moving up the Postnikov tower, we
seek algebraicmodels for the higher homotopy groups and
Postnikov invariants.

There is a striking result by Thomason that every homo-
topy type can be constructed as the classifying space 𝐵𝐶
for some category 𝐶. However, the higher Postnikov data
of 𝐵𝐶 is difficult to extract from𝐶 itself. If𝐶 is a groupoid
this is easily done, because 𝜋𝑛(𝐵𝐶, 𝑥) = 0 for all 𝑛 ≥ 2
and all basepoints 𝑥. In this section we discuss notions
of higher groupoid which provide algebraic models for
higher-dimensional Postnikov data, but still in a finite
range.
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Figure 6. An example of composition formed by attaching
disks and intervals, respectively, along intervals and points.

The fundamental 𝑛-groupoid Π𝑛. Recall that the group-
oidΠ1𝑋 has morphisms given by the homotopy classes of
paths in𝑋, and these are classes of continuous maps from
the 1-dimensional disk 𝐷1 to 𝑋. Evaluation at the end-
points gives the source and target of a morphism. Thus,
we seek a higher-dimensional analogue of the fundamen-
tal groupoid that includes the data of maps 𝐷𝑖 → 𝑋 for
higher-dimensional disks 𝐷𝑖.

Desideratum 8. The fundamental 𝑛-groupoid Π𝑛𝑋 of a
space 𝑋 has as data

• all continuous maps 𝐷𝑖 → 𝑋 for 0 ≤ 𝑖 < 𝑛,
• all homotopy classes of maps 𝐷𝑛 → 𝑋 (relative

to the boundary), and
• information for how thesemaps or classes ofmaps

glue together along compatible boundaries.

These compatible boundaries are given by the two in-
clusions 𝜎,𝜏 ∶ 𝐷𝑖−1 → 𝐷𝑖 as the northern and southern
hemispheres of the boundary of 𝐷𝑖 and their iterates. We
can extract from this some basic features of an algebraic
structure we would like to call an 𝑛-groupoid. Letting 𝐺𝑖
denote the set of all continuous maps 𝐷𝑖 → 𝑋 for 𝑖 < 𝑛
and the set of homotopy classes of maps 𝐷𝑛 → 𝑋 relative
to the boundary when 𝑖 = 𝑛, there are source and target
maps 𝑠, 𝑡 ∶ 𝐺𝑖 → 𝐺𝑘 induced by the iterations of 𝜎 and 𝜏.
Abstracting this structure leads to the following.

Desideratum 9. An 𝑛-groupoid 𝐺 has

• sets 𝐺𝑖 of 𝑖-cells for 𝑖 = 0,… ,𝑛;
• maps 𝑠, 𝑡 ∶ 𝐺𝑖 → 𝐺𝑖−1 assigning to each 𝑖-cell

both a source and a target (𝑖 − 1)-dimensional
cell;

• maps 𝐺𝑖 → 𝐺𝑖+1 that assign to each 𝑖-cell 𝛼 an
identity (𝑖 + 1)-cell with 𝛼 as both source and
target; and

• a variety of composition laws ∘𝑘, subject to fur-
ther associativity, invertibility, and unit axioms.

The composition laws are the most complicated feature
of such a definition, but also themost interesting. They are
of the form ∘𝑘 ∶ 𝐺𝑖×𝑘𝐺𝑖 → 𝐺𝑖, where𝐺𝑖×𝑘𝐺𝑖 is the sub-
set of𝐺𝑖×𝐺𝑖 in which the 𝑘-dimensional target of the first
cell matches the 𝑘-dimensional source of the second cell.
Topologically, these functions show the different ways to
attach two disks together along some lower-dimensional
boundary disk; see for example Figure 6.

The homotopy hypothesis. What we have described so
far is not a rigorously defined structure, only some basic
desiderata. The simplest definition fulfilling these yields
the notion of strict 𝑛-groupoid, in which the associativity
and unit axioms for composition hold in each dimension
separately. The definition of strict 𝑛-groupoid is most suc-
cinctly stated using the theory of enriched categories: a
strict 𝑛-groupoid is a groupoid enriched in strict (𝑛 − 1)-
groupoids. We will not give further details here, as this
definition has a serious defect, first described by Carlos
Simpson.

Theorem 10. Topological spaces that correspond to strict 3-
groupoids have trivial Whitehead products. In particular, strict
3-groupoids fail to model all homotopy 3-types.

In order to understand the statement of this theorem,
note that the homotopy groups of a space are not just a
sequence of independently defined groups but have oper-
ations between them. One such operation arises from a
canonical map

𝑆𝑘+𝑗−1 → 𝑆𝑘 ∨𝑆𝑗.
This yields a bilinear function 𝜋𝑘(𝑋) × 𝜋𝑗(𝑋) →
𝜋𝑘+𝑗−1(𝑋) known as the Whitehead product.

Taking 𝑘 = 𝑗 = 2, we have a function 𝜋2(𝑋)×𝜋2(𝑋)
→ 𝜋3(𝑋), and this function is related to the coherence
constraint for the composition operation∘0 ∶ 𝐺2×0𝐺2 →
𝐺2. The axioms for a strict 𝑛-groupoid imply a unique-
ness result for composition operations, while the White-
head product can be interpreted in the categorical setting
as the difference between two such operations. Unique-
ness means that there is no difference, so the Whitehead
products are all zero. Of course there are spaces with non-
vanishing Whitehead products; the sphere 𝑆2 is a primary
example. Therefore, to define a fundamental 𝑛-groupoid
Π𝑛𝑋 that correctly models the homotopy 𝑛-type of an ar-
bitrary space, we require a weak notion of 𝑛-groupoid in-
stead of a strict one. One of the guiding principles for no-
tions of weak 𝑛-groupoid is summed up in Grothendieck’s
homotopy hypothesis, formulated in his letter Pursuing
Stacks.

Homotopy Hypothesis. The theory of weak 𝑛-groupoids
is equivalent3 to that of homotopy 𝑛-types.

The homotopy hypothesis states a desired property of
a proposed definition. It can be viewed through different
lenses and has been the inspiration behind many lines of
research in higher-dimensional category theory. On one
end of the spectrum, the homotopy hypothesis can be the
basis for a definition of weak 𝑛-groupoid, leading to some-
thing obviously tautological (“a weak 𝑛-groupoid is a ho-
motopy 𝑛-type”) but which yields little to no categorical

3In modern treatments, this is interpreted to mean an equivalence of homotopy
theories, a notion we will not explain here.
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insight. At the other end of the spectrum, one can give
a fully algebraic definition4 of weak 𝑛-categories (such as
those in work of Batanin [Bat98] and Leinster [Lei04]) us-
ing the internal logic of category theory and then see if it
satisfies the homotopy hypothesis.

The less like a topological space one defines a weak 𝑛-
groupoid to be, the harder it is to verify the homotopy hy-
pothesis and, as a consequence, the more interesting the
methods involved are likely to be. There is currently no
proof of the homotopy hypothesis for a fully algebraic def-
inition of weak 𝑛-groupoid that is valid in all dimensions.
There are proofs in the literature for some low-dimension-
al cases of fully algebraic definitions and systematic proofs
valid across all dimensions for more topological defini-
tions.

The theory of higher groupoids is situated within the
larger theory of higher categories. As with weak 𝑛-group-
oid, there is no single, all-purpose definition of weak 𝑛-
category, and different authors have used a myriad of mo-
tivating principles for various applications. However, all
current notions ofweak 𝑛-category have the same sort of un-
derlying data and composition laws as in Desideratum 9
but drop the requirement that all 𝑖-cells be invertible. We
will return to this topic in the section “Stabilization in Cat-
egory Theory” after establishingmore of the relevant topol-
ogy in the intervening sections.

Stabilization in Topology
For the remainder of this article we shift focus to stable
phenomena in topology and category theory. In his book
Infinite Loop Spaces, Adams writes, “A phenomenon is said
to be stable if it occurs in any dimension, or any sufficiently
large dimension, in a waywhich is essentially independent
of the dimension.” As we will see, the algebra of stable ho-
motopy is closely connected with higher category theory.
Topological suspension. In order to study phenomena
that are independent of dimension, we need to understand
the basic construction that shifts dimension.

Definition 11. Given a based space (𝑋,∗), the suspension
of𝑋 is the based space Σ𝑋 constructed by taking the cylin-
der𝑋×𝐼 and identifying the subspaces𝑋×{0}, 𝑋×{1},
and {∗} × 𝐼 to a single point, which then becomes the
basepoint (see Figure 7).

Suspension increases the dimension of a space by 1. In
particular, one can check that there is a homeomorphism
Σ𝑆𝑛 ≅ 𝑆𝑛+1. Suspension is a functor from the category of
based spaces to itself and is left adjoint to the loop space

4By fully algebraic, we mean a definition that is equivalent to the category of
algebras for a finitary monad on (𝑛−)globular sets. Defining the monad on
globular sets as opposed to some other, more geometric, presheaf category en-
sures that all of the higher-categorical structure is encoded in the monad and
not via some property of the objects in the underlying category/shapes involved.

Figure 7. Cylinder and suspension; the subspace {∗} × 𝐼 is
drawn as a line and is identified to a point in Σ𝑋.

functor. That is, there is a natural correspondence between
continuous maps Σ𝑋 → 𝑌 and continuous maps 𝑋 →
Ω𝑌, giving an isomorphism known as the loop-suspension
adjunction

[Σ𝑋,𝑌] ≅ [𝑋,Ω𝑌]. (1)

Moreover, suspension is compatible with homotopies, so
it induces a function [𝑋,𝑌] → [Σ𝑋,Σ𝑌].

A fundamental theorem in stable homotopy theory is
that homotopy groups eventually stabilize, a corollary of
the Freudenthal suspension theorem.

Theorem12 (Freudenthal suspension theorem). Let𝑋 and
𝑌 be based CW-complexes and suppose 𝑋 has dimension 𝑛 ≥
1. Then the map

[Σ𝑘𝑋,Σ𝑘𝑌] → [Σ𝑘+1𝑋,Σ𝑘+1𝑌]

is a bijection if 𝑘 ≥ 𝑛+ 2.

Letting 𝑋 = 𝑆𝑛, one obtains an isomorphism

𝜋𝑛+𝑘(Σ𝑘𝑌) ≅ 𝜋𝑛+𝑘+1(Σ𝑘+1𝑌)

for 𝑘 ≥ 𝑛+ 2. Thus, the sequence

𝜋𝑛(𝑌) → 𝜋𝑛+1(Σ𝑌) → 𝜋𝑛+2(Σ2𝑌) → ⋯

eventually stabilizes.

Definition 13. The stable term in the sequence above is
the 𝑛th stable homotopy group of 𝑌, denoted 𝜋𝑠

𝑛(𝑌).

Stable phenomena appear in cohomology, topological
𝐾-theory, and a host of other examples. In the 1950s,
Spanier and Whitehead emphasized the study of stable
topology by defining a stable homotopy category. The ob-
jects were defined to be finite CW complexes, and the set
of maps from 𝑋 to 𝑌, called the stable maps, was given by
the direct limit

lim
𝑚→∞

[Σ𝑚𝑋,Σ𝑚𝑌].

Modern approaches to the stable homotopy category use
one of the many equivalent notions of spectrum, which
we now discuss.
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Topological spectra. A (topological) spectrum5 𝐸 consists
of a sequence {𝐸0, 𝐸1,…} of based spaces together with
structure maps

𝜎∶ Σ𝐸𝑛 → 𝐸𝑛+1.
For example, given a based space 𝑋, the suspension spec-
trum Σ∞𝑋 is given by the sequence {𝑋,Σ𝑋,Σ2𝑋,…},
with the structure maps given by identity maps. When
𝑋 = 𝑆0, we obtain the sphere spectrum, whose 𝑛th space is
𝑆𝑛.

A spectrum is an Ω-spectrum if the structure maps’ ad-
joints

𝐸𝑛 → Ω𝐸𝑛+1
are homotopy equivalences for all𝑛. We say that a space𝑋
is an infinite loop space if it is the zeroth space of an Ω-
spectrum. Suspension spectra are generally not Ω-spectra,
but every spectrum is equivalent in a suitable sense to an
Ω-spectrum. The classical example of anΩ-spectrum is the
Eilenberg–Mac Lane spectrum 𝐻𝐴 of an abelian group 𝐴.
The 𝑛th space of 𝐻𝐴 is given by the Eilenberg–Mac Lane
space 𝐾(𝐴,𝑛), and the adjoint structure maps are given
by the homotopy equivalences 𝐾(𝐴,𝑛) ≃ Ω𝐾(𝐴,𝑛 + 1)
we discussed above.

We have noted previously that the 𝑛th cohomology
group of a space𝑋with coefficients in the abelian group𝐴
is isomorphic to the group of homotopy classes of maps
from 𝑋 into 𝐾(𝐴,𝑛):

𝐻𝑛(𝑋;𝐴) ≅ [𝑋,𝐾(𝐴,𝑛)].
Using the loop-suspension adjunction (1), we recover the
suspension isomorphism in cohomology: for 𝑛 > 0 we
have

𝐻𝑛(𝑋;𝐴) ≅ [𝑋,𝐾(𝐴,𝑛)]
≅ [𝑋,Ω𝐾(𝐴,𝑛 + 1)] (2)

≅ [Σ𝑋,𝐾(𝐴,𝑛 + 1)] ≅ 𝐻𝑛+1(Σ𝑋;𝐴).
In fact, the most important features of cohomology with
coefficients in𝐴 can be recovered from the structure of the
spaces 𝐾(𝐴,𝑛), particularly as an Ω-spectrum.

These properties characterize the groups𝐻∗(𝑋;𝐴) and
were originally written down by Eilenberg and Steenrod as
a set of seven axioms, the first two of which constitute func-
toriality of 𝐻∗(−;𝐴). The final axiom is the dimension
axiom, stating that the cohomology of a point is the co-
efficient group in dimension zero and vanishes elsewhere.
Dropping the dimension axiom results in what are called
generalized cohomology theories. The Brown representabili-
ty theorem implies that all generalized cohomology theo-
ries are represented by Ω-spectra just as 𝐻∗(−;𝐴) is rep-
resented by 𝐻𝐴.

5The term “spectrum” in this sense is not motivated by any historical or math-
ematical relationship to its use in operator theory, ring theory, or algebraic
geometry.

Spectra, as we have defined them, form a category Sp,
and Ω-spectra form a full subcategory Ω Sp. While indi-
vidual spectra are generally more complicated than indi-
vidual spaces, the category Sp has many attractive features.
In particular, there is a notion of homotopy between maps
of spectra, leading to analogues of homotopy groups. Tak-
ing suspension spectra defines a functor from the category
of based topological spaces to Sp, and the stable maps be-
tween spaces are given precisely by maps in the category Sp

between their suspension spectra. The stable homotopy
groups of a based space are the homotopy groups in Sp of
its suspension spectrum. Thus Sp generalizes the stable ho-
motopy category constructed by Spanier and Whitehead.

We can reproduce the theory of Postnikov towers in this
context, but now building the layers up using Eilenberg–
Mac Lane spectra and obtaining Postnikov invariants as sta-
ble maps. Stable Postnikov theory is simpler in some ways
than its unstable predecessor: all groups are abelian, and
the action of 𝜋1 on higher homotopy is necessarily trivial.
Yet it still contains a wealth of information, as we will see
below.

The Algebra of Iterated Loop Spaces
Infinite loop space machines. One of the standard ways
to construct cohomology theories with specific character-
istics is to construct Ω-spectra using one of the so-called
“infinite loop space machines.” A first step in constructing
such an object is to determine when a space 𝐸0 is homo-
topy equivalent to the space of loops on another space 𝐸1.

Example 14. Let 𝐺 be a discrete group and let 𝐵𝐺 be its
classifying space. Then 𝐺 ≃ Ω(𝐵𝐺). Thus, the classi-
fying space is a construction of the Eilenberg–Mac Lane
space 𝐾(𝐺,1). One can construct further deloopings
𝐵2𝐺 = 𝐾(𝐺,2), etc., only under the further hypothesis
that 𝐺 is abelian.

The equivalence 𝐸0 ≃ Ω𝐸1 implies that 𝐸0 has addi-
tional structure inherited from the algebra of loops. We
can isolate the precise algebraic structure present on a loop
space and use that to recognizewhen a given space has a de-
looping. For example, Ω𝐸1 has a product induced by con-
catenation of loops. Although this product is not strictly
associative, there is a canonical homotopy—for loops 𝑎, 𝑏,
and 𝑐—between (𝑎𝑏)𝑐 and 𝑎(𝑏𝑐). This is the proof that
multiplication in 𝜋1(𝑋, 𝑥) is associative. These homo-
topies that witness associativity are themselves coherent;
i.e., there is a family of homotopiesmediating between the
two composite homotopies and thus filling the pentagon
in Figure 8 for any four loops 𝑎,𝑏, 𝑐, 𝑑 ∈ Ω𝐸1.

In the case of a loop space, one can continue to fill with
homotopies of higher dimensions, meaning that the prod-
uct in Ω𝐸1 is associative “up to all higher homotopies.”
Stasheff made this precise by constructing a family of
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((𝑎𝑏)𝑐)𝑑

(𝑎(𝑏𝑐))𝑑 𝑎((𝑏𝑐)𝑑)

(𝑎𝑏)(𝑐𝑑)

𝑎(𝑏(𝑐𝑑))

Figure 8. The associativity pentagon 𝐾4.

((𝑎(𝑏𝑐))𝑑)𝑒 (𝑎((𝑏𝑐)𝑑))𝑒

𝑎((𝑏𝑐)(𝑑𝑒))

((𝑎𝑏)(𝑐𝑑))𝑒

((𝑎𝑏)𝑐)(𝑑𝑒) 𝑎((𝑏(𝑐𝑑))𝑒)

(𝑎(𝑏𝑐))(𝑑𝑒) 𝑎(((𝑏𝑐)𝑑)𝑒)

(((𝑎𝑏)𝑐)𝑑)𝑒 (𝑎(𝑏(𝑐𝑑)))𝑒

⋅

⋅

⋅ ⋅

Figure 9. The associahedron 𝐾5. The six pentagonal faces are
instances of the pentagon 𝐾4.

spaces 𝐾𝑛 that parametrize the homotopies that relate dif-
ferent parenthesizations of an 𝑛-fold product in the loop
space. For each 𝑛 ≥ 2, 𝐾𝑛 can be realized as an (𝑛 − 2)-
dimensional polytope: 𝐾2 is a point, 𝐾3 is an interval, 𝐾4
is the pentagon shown in Figure 8, and 𝐾5 is shown in
Figure 9. These spaces are known as the associahedra and
appear prominently in the combinatorics of polytopes.

Stasheff defined an 𝐴∞-space (meaning associative up
to homotopies of all levels) to be a space 𝑋 together with
maps 𝜇𝑛 ∶ 𝐾𝑛 ×𝑋𝑛 → 𝑋 that satisfy certain compatibility
conditions with structure maps 𝐾𝑛 × 𝐾𝑚 → 𝐾𝑛+𝑚−1. In
particular, 𝑋 has a multiplication induced by 𝜇2 ∶ 𝐾2 ×
𝑋2 → 𝑋, and the map 𝜇3 ∶ 𝐾3 ×𝑋3 → 𝑋 encodes that it
is homotopy associative, just as we have seen for concate-
nation in a loop space Ω𝐸1. Stasheff proved that being
an 𝐴∞-space is essentially all that is needed to construct a
delooping.

Theorem 15. If𝑋 is an𝐴∞-space such that𝜋0(𝑋) is a group
(with respect to the multiplication 𝜇2), then there exists a based
space 𝑌 such that 𝑋 ≃ Ω𝑌.

A double loop space Ω2𝑌 has even more structure. Be-
ing a loop space, it has a multiplication that is associative
up to all higher homotopies, and, moreover, this multipli-
cation is commutative up to homotopy. The proof of this

𝛼
𝛽

𝛼
𝛽

𝛽
𝛼 𝛼

𝛽

Figure 10. The Eckmann–Hilton argument; a family of
reparametrizations of the disk.

fact is the same as the one used to prove that 𝜋2(𝑌,𝑦)
is abelian, known as the Eckmann–Hilton argument and
sketched in Figure 10.

Extending the work of Stasheff on deloopings and 𝐴∞-
spaces, one can ask whether there are necessary and suf-
ficient conditions on a space that ensure it is homotopy
equivalent to a double loop space or, more generally, an
𝑛-fold loop space for 𝑛 ≥ 2.
𝐸∞ operads. May answered this question positively with
his theory of operads in [May72].6 An operad𝑃 has spaces
𝑃(𝑘) encoding𝑘-ary operations for each natural number𝑘,
together with composition maps combining operations of
different arities. A 𝑃-algebra is a space 𝑋 together with
maps

𝑃(𝑘) ×𝑋𝑘 → 𝑋
that are compatible with the composition structure of 𝑃.
This gives 𝑋 a collection of operations parametrized by 𝑃.
May introduced the notion of 𝐸𝑛 operad for 1 ≤ 𝑛 ≤ ∞,
with 𝐸1 being equivalent to Stasheff’s notion of 𝐴∞, and
𝐸𝑛 encoding 𝑛 commuting 𝐸1 structures. He then proved
that 𝐸𝑛 structures characterize 𝑛-fold loop spaces.

Theorem 16 (The recognition principle). If 𝑋 is an 𝐸𝑛
space such that 𝜋0(𝑋) is a group, then there exists a based
space 𝑌 such that 𝑋 ≃ Ω𝑛𝑌.

If 𝑋 is an 𝐸∞ space such that 𝜋0(𝑋) is a group, then, for
each 𝑛 ≥ 1, there exists a based space 𝑌 such that 𝑋 ≃ Ω𝑛𝑌.

The reader might be wondering about the condition
that𝜋0(𝑋) is a group, since it has come up twice now. The
space 𝑋 is said to be grouplike when this condition holds.
The concatenation of loops is an operation on Ω𝑌 under
which every element has an inverse up to homotopy given
by the loop going in reverse. Thus,Ω𝑌 is grouplike for any
space 𝑌; this is the underlying reason that the fundamen-
tal group is a group, not merely a monoid. This seemingly
pedestrian observation about loop spaces is more than a
technicality. As we shall see below, invertibility in 𝜋0 is
essential to the categorical models of stable homotopy the-
ory.

For 𝑛 ≥ 2, the recognition principle can be extended
to more general 𝐸𝑛 spaces using the notion of topological
group completion. Topological group completion univer-
sally extends 𝜋0 to a group by adding inverses while local-
izing homology with respect to the action of 𝜋0. It radi-

6Boardman and Vogt addressed the case 𝑛 = ∞ using the theory of PROPs.
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cally changes the higher homotopy groups and is a progen-
itor of the stable homotopy groups of spheres and higher
algebraic 𝐾-groups.

Categories with structure are an excellent way of produc-
ing 𝐸𝑛 spaces. Monoidal categories (i.e., categories with a
functorial product that is associative and unital up to nat-
ural isomorphism) give rise to 𝐸1 spaces upon taking clas-
sifying spaces, with braided and symmetric monoidal cat-
egories giving 𝐸2 and 𝐸∞ spaces, respectively.7 The latter
case follows from the work of May but was also indepen-
dently proved by Segal using the theory of Γ-spaces. Thus,
we have the following.

Slogan 17. To every symmetric monoidal category we can as-
sociate an Ω-spectrum given by the group completion of its clas-
sifying space.

Example 18. Recall the category 𝐒 introduced in Exam-
ple 1. This category is equivalent to the category of finite
sets and isomorphisms and is symmetric monoidal using
disjoint union. Its classifying space is then an 𝐸∞ space
with 𝜋0(𝐵𝐒) ≅ ℕ, and the connected component labeled
by 𝑛 is an Eilenberg–Mac Lane space 𝐾(𝑆𝑛, 1).

The Barratt–Priddy–Quillen theorem proves that the
spectrum associated to 𝐒 is stably equivalent to the sphere
spectrum. In particular, its homotopy groups are the sta-
ble homotopy groups of spheres.

Example 19. Let 𝑅 be a commutative ring and consider
the category of finitely generated projective𝑅-modules and
module isomorphisms. This category is symmetric mon-
oidal using direct sum. The associated spectrum is the 𝐾-
theory spectrum, and its homotopy groups are the alge-
braic 𝐾-theory groups of 𝑅 defined by Quillen.

Stabilization in Category Theory
As discussed in the section “Higher Groupoids, More Sub-
tle Algebra,” one can motivate definitions of weak
𝑛-category by following the line of reasoning that led to
Desideratum 9 for weak 𝑛-groupoids but omitting the in-
vertibility requirement. We now explore another condi-
tion that every proposed definition should satisfy.

We have seen two perspectives on stable phenomena in
topology: one via 𝐸∞ structures and the other via iterated
loop structures, i.e., Ω-spectra. The two are linked by the
recognition principle, Theorem 16, which explains their
relationship. The categorical reflection of these dual per-
spectives leads to another desired property for definitions
of weak 𝑛-category, codified in the stabilization hypothe-
sis below.
The stabilization hypothesis. In parallel with the two
manifestations of topological stability, we identify two ap-
proaches to categorical stability. On the one hand, we have

7The reader may have expected 𝐸3 instead of 𝐸∞ here, but being 𝐸3 implies be-
ing 𝐸∞ due to the low categorical dimension.

a categorical analogue of an 𝐸∞ structure, given by the ac-
tion of an appropriate operad in categories, or𝑛-categories
for 𝑛 ≥ 1. On the other hand, we have a categorical ana-
logue of delooping by considering (𝑛+𝑘)-categories with
trivial cells in dimensions 0 through 𝑘 − 1; this means a
single object, a single 1-cell that is necessarily the identity,
a single 2-cell that is the identity on the identity, and so
on. These are known as 𝑘-degenerate (𝑛+𝑘)-categories, and
they carry additional algebraic structure as a consequence
of the low-dimensional degeneracy.

For a 𝑘-degenerate (𝑛 + 𝑘)-category, the composition
laws ∘0, ∘1,… ,∘𝑘−1 produce 𝑘 different, yet intertwined,
multiplications on the 𝑛-category obtained by treating the
𝑘-cells as the new objects, the (𝑘 + 1)-cells as the new 1-
cells, and so on. This is an algebraic analogue of the multi-
plicative structure one obtains on a 𝑘-fold loop space, and
one major research focus is the extent to which one can
describe this structure algebraically. For example, in the
case 𝑘 = 1, 𝑛 = 0, we have a 1-category with a single 0-
cell and a set of 1-cells. Composition ofmorphisms equips
this set with the structure of a monoid. In the case 𝑘 =
2, 𝑛 = 0, we have a 2-category with a single 0- and 1-cell,
and the 2-category structure equips the set of 2-cells with
the structure of a commutative monoid. The argument
proving commutativity is once again the Eckmann–Hilton
argument (Figure 10).

A study of higher categories by Baez and Dolan suggests
that (𝑘+1)-degenerate (𝑛+𝑘+1)-categories should have
a more commutative structure than 𝑘-degenerate (𝑛+ 𝑘)-
categories and further that this phenomenon should even-
tually yield a stable notion of symmetric monoidal higher
category, corresponding to the stability indicated by the
Freudenthal suspension theorem.

Stabilization Hypothesis. The theory of 𝑘-degenerate (𝑛+
𝑘)-categories is equivalent8 to that of (𝑘+1)-degenerate (𝑛+
𝑘+ 1)-categories for 𝑘 ≥ 𝑛+ 2.

As with the homotopy hypothesis, the stabilization hy-
pothesis is a desired property of a proposed definition of
𝑛-category. One can explore its validity for a variety of
notions of higher category, and as before the general case
for fully algebraic notions of higher categories is unsettled
[CG07,CG11]. One can also approach this question using
more topological notions of higher category and describe
their properties in homotopical terms. For these homo-
topical analogues of the stabilization hypothesis see, e.g.,
Lurie [Lur09], Batanin [Bat17], Simpson [Sim98], Gepner–
Haugseng [GH15].

The notions of stable 𝑛-category (via the stabilization
hypothesis) and 𝐸∞ 𝑛-category are related by an interme-
diate notion not appearing distinctly among topological

8As with the homotopy hypothesis, the notion of equivalence here is subject to
interpretation and beyond the scope of this article.

1234 NOTICES OF THE AMERICAN MATHEMATICAL SOCIETY VOLUME 66, NUMBER 8



𝑘-degenerate (𝑛 + 𝑘)-categories, for 𝑘 large

symmetric monoidal 𝑛-categories

𝐸∞ 𝑛-categories

Figure 11. Coherence theorems for symmetric monoidal
(𝑛-)categories serve to unify the two notions of stabilization in
categorical algebra.

spaces. This is the notion of symmetric monoidal 𝑛-category,
an 𝑛-category equipped with a monoidal structure which
is associative, unital, and commutative up to invertible 1-
cells which are coherent up to invertible 2-cells which are
coherent up to … until dimension 𝑛. It is this notion that
arises most directly in applications and should be consid-
ered the primary algebraic concept. This is depicted in Fig-
ure 11.

In the previous section we mentioned the case 𝑛 =
1; Mac Lane’s coherence theorem implies that categories
equipped with 𝐸∞ structures are the same, up to equiva-
lence, as symmetric monoidal categories. However, it is
not at all clear how the relationship between 𝐸∞ and sym-
metric monoidal generalizes to higher categories. Higher-
dimensional coherence theorems are needed to relate
these to each other and to 𝑘-degenerate (𝑛+𝑘)-categories.
The stable homotopy hypothesis. Having explored
some categorical analogues of stable phenomena, we seek
a conceptual explanation for these, a stable analogue of
the homotopy hypothesis. To explore this, we must first
determine the correct structures to compare. The stable no-
tion of homotopy 𝑛-type is that of stable homotopy 𝑛-type:
a spectrum whose stable homotopy groups vanish in nega-
tive degrees and those greater than 𝑛. The stable notion of
weak 𝑛-groupoid is known as a Picard 𝑛-category and has
three key properties:

• it has an underlying weak 𝑛-groupoid;
• it is a symmetric monoidal 𝑛-category;
• it is grouplike, meaning that every object is invert-

ible with respect to the monoidal product.

The first of these corresponds, topologically, to an under-
lying unstable 𝑛-type. The second corresponds to an 𝐸∞
structure, and the third corresponds to the fact that the ze-
roth space of any spectrum is grouplike. Thus we have the
following formulation.

Stable Homotopy Hypothesis. The theory of Picard 𝑛-cate-
gories is equivalent to that of stable homotopy 𝑛-types.

Low-Dimensional Examples of the Stable Homo-
topy Hypothesis
We will examine some low-dimensional cases of the sta-
ble homotopy hypothesis. When 𝑛 = 0, the topological
side consists of stable homotopy 0-types—the Eilenberg–
Mac Lane spectra 𝐻𝐴. On the categorical side we have
Picard 0-categories, which are weak 0-groupoids (such a
thing is just a set) together with an 𝐸∞ structure (giving a
commutative monoid) such that every object is invertible
(thus, an abelian group). In other words, stable homotopy
0-types are classified, up to stable equivalence, by a sin-
gle abelian group, 𝜋0, and Picard 0-categories are abelian
groups. The stable homotopy hypothesis in dimension
zero follows as an exercise in writing out the various defi-
nitions carefully.
The 1-dimensional stable homotopy hypothesis. The
case 𝑛 = 1 is more interesting and goes back to Sı́nh
[Sı́n78]. On the topological side, a stable homotopy 1-
type is a spectrum 𝑋 with all homotopy groups vanishing
except 𝜋0𝑋 and 𝜋1𝑋. These abelian groups alone do not
determine the stable 1-type. We also need a single Post-
nikov invariant 𝑘0, which is a priori given by a homotopy
class of maps of spectra 𝐻(𝜋0𝑋) → Σ2𝐻(𝜋1𝑋). Via a
group cohomology calculation, one can show that the set
of such homotopy classes is naturally isomorphic to the set
of group homomorphisms 𝜋0𝑋 ⊗ ℤ/2 → 𝜋1𝑋. On the
categorical side, a Picard 1-category is a weak 1-groupoid
(which just means an ordinary groupoid) together with
an 𝐸∞ structure (which makes it into a symmetric mon-
oidal category) such that every object is invertible (so for
any 𝑥, there exists 𝑦 such that 𝑥⊗𝑦 ≅ 1 and 𝑦⊗𝑥 ≅ 1).

The key to comparing these two structures is the follow-
ing observation. A Picard 1-category 𝑃 has naturally aris-
ing homotopy groups with 𝐴0 = 𝜋0𝑃 being the set of
isomorphism classes of objects and 𝐴1 = 𝜋1𝑃 being the
set of automorphisms of the unit object. We can also con-
struct a homomorphism ℎ0 ∶ 𝐴0 ⊗ ℤ/2 → 𝐴1 from the
symmetry of 𝑃: given an object 𝑥, ℎ0(𝑥) is an automor-
phism of the unit determined by the symmetry isomor-
phism 𝑥⊗ 𝑥−1 ≅ 𝑥−1 ⊗𝑥. These categorical invariants—
objects, automorphisms, and ℎ0—correspond to topolog-
ical invariants—two homotopy groups and the Postnikov
invariant 𝑘0 discussed in the section “Higher Homotopy
Groups, More Subtle Invariants.” Work of the second and
third authors [JO12] discusses this more thoroughly and
provides a proof of the following result.

Theorem 20 ([JO12]). Let 𝑃 be a Picard 1-category. The
classifying space 𝐵𝑃 is a stable 1-type. The stable homotopy
groups and single Postnikov invariant of 𝐵𝑃 are those computed
from 𝑃 above.

The correspondence between topological and categor-
ical data is summarized in Figure 12. With a little addi-
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𝑛 Stable 𝑛-types Picard 𝑛-categories

0 Abelian group 𝜋0 Abelian group of objects, 𝐴0

1 𝜋0, 𝜋1, and
𝑘0 ∶ 𝜋0⊗ℤ/2→𝜋1

𝐴0, 𝐴1
ℎ0 ∶ 𝐴0⊗ℤ/2→𝐴1

2 𝜋0, 𝜋1, 𝜋2
𝑘0 ∶ 𝜋0⊗ℤ/2→𝜋1

𝑘1𝑖1 ∶ 𝜋1⊗ℤ/2→𝜋2

𝑘1

𝐴0, 𝐴1, 𝐴2
ℎ0 ∶ 𝐴0⊗ℤ/2→𝐴1

ℎ1 ∶ 𝐴1⊗ℤ/2→𝐴2

currently unknown!

Figure 12. Low-dimensional data for stable homotopy types
and higher Picard categories.

tional work, we have the following.

Corollary 21. The 1-dimensional stable homotopy hypothesis
holds for Picard categories as defined above.

We mention two features of the case 𝑛 = 1 before mov-
ing on to 𝑛 = 2. The first is that it is useful to consider Pi-
card 1-categories that are strict and skeletal, meaning that
their product is strictly associative and unital, and every
isomorphism is an automorphism; i.e., there are no iso-
morphisms between distinct objects. We thus picture a
strict and skeletal Picard 1-category as a discrete abelian
group of objects with an abelian group of automorphisms
over each object.

Example 22. Consider a skeletal Picard categorywhose ob-
jects are the group ℤ/6 and each object has automorphism
group ℤ/2. There are two such Picard categories: one with
trivial symmetry and the other with symmetry 𝑥 + 𝑦 ≅
𝑦 + 𝑥 given by 𝜎𝑥𝑦. These correspond to the two homo-
morphisms ℤ/6⊗ ℤ/2 → ℤ/2.

These abelian groups of automorphisms are necessar-
ily all isomorphic as a consequence of every object being
invertible. One can prove that every Picard 1-category is
equivalent to a strict skeletal one, but it is worth noting
that dropping the symmetry from the definition of a Pi-
card 1-category will cause the proof of this strict skeletal
approximation to fail. In fact, the nonsymmetric version
has a different algebraic classification in which the asso-
ciativity isomorphisms correspond to 3-cocycles for group
cohomology (see Baez–Lauda [BL04], Joyal–Street [JS93]).

The second feature to mention is that such a fully alge-
braic classification allows one to construct specific spectra
in new ways. The sphere spectrum is a central object of
study in algebraic topology, and it is easy to compute that
its stable 1-type is determined by 𝜋0 ≅ ℤ, 𝜋1 ≅ ℤ/2,
and the unique isomorphism 𝑘0 ∶ ℤ ⊗ ℤ/2 ≅ ℤ/2. This
technique gives a concrete and fully algebraic construction

of the 1-type of the sphere spectrum. These Postnikov
data appear in applications to quantum field theories as
the Picard 1-category of invertible graded abelian groups
and isomorphisms; see, e.g., Kapranov [Kap15] or Freed
[Fre14]. One can also show ([JO12]) that this is the free
Picard 1-category generated by a single object, giving the
1-truncated sphere spectrum an interesting universal prop-
erty.

Together, these two features and their analogues for 𝑛 >
1 are examples of the following.

Slogan 23. Definitions of Picard 𝑛-category for which the sta-
ble homotopy hypothesis holds will explicitly encode the alge-
braic invariants that characterize the stable 𝑛-type of a space or
spectrum.

The 2-dimensional stable homotopy hypothesis. A
proof of the stable homotopy hypothesis in dimension 2
appears in recent work of the authors [GJO19]. This uses
a notion of Picard 2-category defined in [GJO17,GJOS17]
that is fully algebraic and yet general enough to realize all
stable 2-types.

Theorem 24 ([GJO19]). There exists a fully algebraic notion
of Picard 2-category for which the 2-dimensional stable homo-
topy hypothesis holds.

One can now ask about the Postnikov theory of Picard
2-categories. Although we will not give the definition of
Picard 2-category here, we can describemuch of the charac-
terizing data and its role in an associated Postnikov tower.
First, a Picard 2-category 𝑃 is a grouplike symmetric mon-
oidal 2-groupoid. This implies we have three abelian
groups known as the algebraic homotopy groups of 𝑃:

• 𝐴0 is the set of equivalence classes of objects in 𝑃.
• 𝐴1 is the set of isomorphism classes of 1-cell en-

domorphisms of the unit object in 𝑃.
• 𝐴2 is the set of 2-cell endomorphisms of the iden-

tity 1-cell on the unit object of 𝑃.

We can also identify two Picard 1-categories associated
with𝑃. First, there is the truncation𝑃1 consisting of the ob-
jects of 𝑃 and the isomorphism classes of the 1-cells of 𝑃.
The symmetric monoidal structure on𝑃makes𝑃1 a Picard
1-category. Second, there is the category of 1- and 2-cells
over the unit in𝑃. This is the category of functors and natu-
ral transformations from the free loop category into 𝑃 and
is denoted Ω𝑃.

The symmetric monoidal structure on𝑃 alsomakesΩ𝑃
a Picard 1-category. Then by the theory of Picard 1-cate-
gories there are two algebraic Postnikov invariants, which
we denote by ℎ0 and ℎ1. From 𝑃1 we have ℎ0 ∶ 𝐴0 ⊗
ℤ/2 → 𝐴1, and from Ω𝑃 we have ℎ1 ∶ 𝐴1 ⊗ ℤ/2 → 𝐴2.
These are also shown in Figure 12. The following result
summarizes what we currently know about the Postnikov
data of Picard 2-categories.
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𝑃0

𝑃1

𝑃

Σ2𝐴1

??Σ𝐴1

Σ2𝐴2

𝑖1

ℎ0 (𝐵𝑃)0

(𝐵𝑃)1

𝐵𝑃

Σ2𝐻𝐴1

Σ3𝐻𝐴2Σ1𝐻𝐴1

Σ2𝐻𝐴2

𝑖1

𝑘0

𝑘1

Figure 13. Stable Postnikov towers for 𝑃 and 𝐵𝑃.

Theorem 25 ([GJO17,GJOS17]). Let 𝑃 be a Picard 2-cate-
gory, with classifying space 𝐵𝑃.

• The symmetric monoidal structure on 𝑃 gives 𝐵𝑃 an
infinite loop space structure.

• The spectrum associated to 𝐵𝑃 is a stable 2-type.
• The homotopy groups of 𝐵𝑃 are given by the algebraic

homotopy groups of 𝑃.
• The bottom Postnikov invariant of 𝐵𝑃, 𝑘0, is given

by ℎ0, the symmetry of 𝑃1.
• The composite 𝑘1𝑖1 is given byℎ1, the symmetry ofΩ𝑃

(see Figure 13).

Given an abelian group𝐴, we implicitly regard this as a
Picard 1- or 2-category with objects given by 𝐴 and triv-
ial higher morphisms. We let Σ𝐴 denote the Picard 1-
category with a single object and with endomorphism
group 𝐴. This is a 1-degenerate (0+1)-groupoid, and its
classifying space is a 𝐾(𝐴,1). We let Σ2𝐴 denote the Pi-
card 2-categorywith a single object, single 1-cell, and endo-
morphism 2-cells given by𝐴. This is a 2-degenerate (0+2)-
groupoid, and its classifying space is a 𝐾(𝐴,2). With this
notation, the content of Theorem 25 is expressed in a par-
tial Postnikov tower for 𝑃 in Figure 13.

The missing pieces in Figure 13, which one would la-
bel 𝑘1 and Σ3𝐴2, require a theory of symmetric monoidal
3-categories: following the stabilization hypothesis, the
natural categorical construction of Σ3𝐴2 should be as a
symmetricmonoidal 3-category with a single object, 1-cell,
and 2-cell, and 3-cells given by the elements of 𝐴2. This
is the subject of future work. The fifth bullet point of The-
orem 25 is a partial result in this direction, but does not
give complete information about 𝑘1.

Most of the steps outlined in the 1-dimensional case
have a 2-dimensional analogue. Although the proofs of
these results require more sophisticated categorical tech-
niques, the central technical tool is the coherence theory
of symmetric monoidal 2-categories as begun by the first
and third authors in [GO13], continued in [SP11], and fur-
ther refined in [GJO17].

Slogan 26. The identification of homotopical structure with al-
gebraic structure is an application of categorical coherence the-
ory.

Open Problems
A key feature of the 1-dimensional stable homotopy hy-
pothesis is the correspondence between the single Post-
nikov invariant 𝑘0 and the symmetry. However, we do
not have a 2-dimensional analogue that fully explains the
Postnikov invariant 𝑘1; this motivates a series of related
problems.

Problem 27. Extend the work above to a complete inter-
pretation of 𝑘1 in terms of the categorical structure in a
Picard 2-category. Use this to explore some interesting ex-
amples from topology.

Problem 28. Develop a theory of kernels and cokernels for
Picard 𝑛-categories and relate it to fiber/cofiber sequences
in stable homotopy.

Problem 29. Identify a Picard 2-category that models the
2-type of the sphere, along the lines of Kapranov’s alge-
braic model. This requires a connection between algebraic
sign conventions and the Postnikov invariants of the sphere
spectrum.

Problem 30. Develop a homological algebra for Picard 1-
categories and relate it to Postnikov obstructions.

Problem 31. Use the algebra of Picard 1- and 2-categories
to study homotopy operations.
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Election Special Section

Ballots
AMS members will receive email with instructions for vot-
ing online by August 19, or a paper ballot by September 19. 
If you do not receive this information by that date, please 
contact the AMS (preferably before October 1) to request 
a ballot. Send email to ballot@ams.org or call the AMS 
at 800-321-4267 (within the US or Canada) or 401-455-
4000 (worldwide). The deadline for receipt of ballots is 
November 1, 2019.

Write-in Votes
It is suggested that names for write-in votes be accompa-
nied by the institution or web address of the individual for 
whom the vote is cast.

Replacement Ballots
A member who has not received a ballot by September 
19, 2019, or who has received a ballot but has accidentally 
spoiled it, may write to ballot@ams.org or Secretary of the 
AMS, 201 Charles Street, Providence, RI 02904-2213, USA, 
asking for a second ballot. The request should include the 
individual’s member code and the address to which the re-
placement ballot should be sent. Immediately upon receipt 
of the request a second ballot, indistinguishable from the 
original, will be sent by first class or airmail. However, the 
deadline for receipt of ballots will not be extended.

Biographies of Candidates
The next several pages contain biographical information 
about all candidates. All candidates were given the oppor-
tunity to provide a statement of not more than 200 words 
(400 for presidential candidates) to appear at the end of 
their biographical information. Photos were supplied by 
the candidates.

Description of Offices
The president of the Society serves one year as president 
elect, two years as president, and one year as immediate 
past president. The president strongly influences, either 
directly or indirectly, most of the scientific policies of the 
Society. A direct effect comes through the president’s per-
sonal interactions with both members of the Society and 
with outside organizations. In addition, the president is a 
member of all five policy committees (Education, Meetings 
and Conferences, Profession, Publications, and Science 
Policy), is the chair of the Council’s Executive Committee, 
and serves ex officio as a trustee. Indirect influence occurs 
as the president appoints chairs and members of almost all 
committees of the Society, including the policy committees. 
The president works closely with all officers and adminis-
trators of the Society, especially the executive director and 
the secretary. Finally, the president nominates candidates 
for the Nominating Committee and the Editorial Boards 
Committee. Consequently, the president also has a long-
term effect on Society affairs. 

President
(one to be elected)
Ruth Charney
Dusa McDuff

Vice President
(one to be elected)
Fan Chung Graham
Francis Su

Board of Trustees
(one to be elected)
Solomon Friedberg
Joseph H. Silverman

Member at Large of the Council
(five to be elected)
Terrence Richard Blackman
Stephan Ramon Garcia
Dan Margalit
Helen Moore
Rosa C. Orellana
Seth Sullivant
Dylan P. Thurston
Maggy Tomova
Bianca Viray
Guoliang Yu

Nominating Committee
(three to be elected)
Kristin E. Lauter
Robert Pego
Malabika Pramanik
Prasad Tetali
Tatiana Toro
Talithia Williams

Editorial Boards Committee
(two to be elected)
Charles L. Epstein
Kavita Ramanan
Rodolfo H. Torres
Tamar Ziegler

List of Candidates–2019 Election
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The vice president and the members at large of the 
Council serve for three years on the Council. That body 
determines all scientific policy of the Society, creates and 
oversees numerous committees, appoints the treasurers 
and members of the Secretariat, makes nominations of 
candidates for future elections, and determines the chief 
editors of several key editorial boards. Typically, each 
of these new members of the Council will also serve 
on one of the Society’s five policy committees. Current 
and past members of the Council may be found here: 
www.ams.org/comm-all.html#COUNCIL.

The Board of Trustees, of whom you will be electing 
one member for a five-year term, has complete fiduciary 
responsibility for the Society. Among other activities, the 
trustees determine the annual budget of the Society, prices 
of journals, salaries of employees, dues (in cooperation 
with the Council), registration fees for meetings, and in-
vestment policy for the Society’s reserves. The person you 
elect will serve as chair of the Board of Trustees during the 
fourth year of the term. Current and past members of the 
Board of Trustees, as well as the full charge for a Trustee, 
may be found here: www.ams.org/comm-all.html#BT.

The candidates for vice president, members at large, 
and trustee were suggested to the Council either by the 
Nominating Committee or by petition from members. 
While the Council has the final nominating responsibility, 
the groundwork is laid by the Nominating Committee. 
The candidates for election to the Nominating Committee 
were nominated by the current President, Jill C. Pipher. 
The three elected will serve three-year terms. The main 
work of the Nominating Committee takes place during 
the annual meeting of the Society, during which it has 
four sessions of face-to-face meetings, each lasting about 
three hours. The Committee then reports its suggestions 
to the spring Council, which makes the final nomina-
tions. Current and past members of the Nominating 
Committee, as well as the full charge, may be found here:  
www.ams.org/comm-all.html#NOMCOM.

The Editorial Boards Committee is responsible for the 
staffing of the editorial boards of the Society. Members are 
elected for three-year terms from a list of candidates named 
by the president. The Editorial Boards Committee makes 
recommendations for almost all editorial boards of the 
Society. Managing editors of Journal of the AMS, Mathematics 
of Computation, Proceedings of the AMS, and Transactions of 
the AMS; and Chairs of the Colloquium, Mathematical Sur-
veys and Monographs, and Mathematical Reviews editorial 
committees are officially appointed by the Council upon 
recommendation by the Editorial Boards Committee. In 
virtually all other cases, the editors are appointed by the 
president, again upon recommendation by the Editorial 
Boards Committee. Current and past members of the Edi-
torial Boards Committee, as well as the full charge, may be 
found here: www.ams.org/comm-all.html#EBC.

Elections to the Nominating Committee and the Edi-
torial Boards Committee are conducted by the method of 

approval voting. In the approval voting method, you can 
vote for as many or as few of the candidates as you wish. 
The candidates with the greatest number of the votes win 
the election.

A Note from AMS Secretary Carla D. Savage
The choices you make in these elections impact the di-
rection the Society takes in its publications, conferences, 
programs, and policies. On behalf of the other officers 
and Council members, I urge you to take a few minutes 
to review the candidates’ biographies, fill out your ballot, 
and submit it. The Society belongs to its members and by 
voting, you will influence its policies and priorities.

Also, I invite you to consider other ways of partici-
pating in Society activities. The Nominating Committee, 
the Editorial Boards Committee, and the Committee on 
Committees are always interested in learning of members 
who are willing to serve the Society in various capacities. 
Names are always welcome, particularly when accompa-
nied by a few words detailing the person’s background and 
interests. Self-nominations are probably the most useful. 
Recommendations can be transmitted through an online 
form (www.ams.org/committee-nominate) or sent di-
rectly to the secretary: secretary@ams.org or Office of 
the Secretary, American Mathematical Society, Department 
of Computer Science, Box 8206, North Carolina State Uni-
versity, Raleigh, NC 27695-8206 USA.

PLEASE VOTE.
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The Bylaws give the Council limited authority to speak in 
the name of the Society but only after following the pro-
cedure prescribed in Article IV, Section 8:

Article IV
Council
Section 8. The Council shall also have power to speak in 
the name of the Society with respect to matters affecting 
the status of mathematics or mathematicians, such as pro-
posed or enacted federal or state legislation; conditions of 
employment in universities, colleges, or business, research 
or industrial organizations; regulations, policies, or acts 
of governmental agencies or instrumentalities; and other 
items which tend to affect the dignity and effective position 
of mathematics.

With the exception noted in the next paragraph, a fa-
vorable vote of two-thirds of the entire membership of the 
Council shall be necessary to authorize any statement in 
the name of the Society with respect to such matters. With 
the exception noted in the next paragraph, such a vote may 
be taken only if written notice shall have been given to the 
secretary by the proposer of any such resolution not later 
than one month prior to the Council meeting at which 
the matter is to be presented, and the vote shall be taken 
not earlier than one month after the resolution has been 
discussed by the Council.

If, at a meeting of the Council, there are present twelve 
members, then the prior notification to the secretary may be 
waived by unanimous consent. In such a case, a unanimous 
favorable vote by those present shall empower the Council 
to speak in the name of the Society.

The Council may also refer the matter to a referendum 
of the entire membership of the Society and shall make 

such reference if a referendum is requested, prior to final 
action by the Council, by two hundred or more members. 
The taking of a referendum shall act as a stay upon Council 
action until the votes have been canvassed, and thereafter 
no action may be taken by the Council except in accordance 
with a plurality of the votes cast in the referendum.

The January 15, 2019 Council considered a modifica-
tion to this procedure intended to permit the AMS to react 
quickly to speak in the name of the Society in the case of 
human rights or other urgent concerns.  For an account of 
the motivation for the proposed change and the ensuing 
discussion, see Item 6.1 of the January 2019 Council Min-
utes: www.ams.org/council-minutes0119.pdf.

The January 15, 2019 Council recommended that the 
following change to Article IV, Section 8 of the Bylaws be 
put before the membership for a vote (changes highlighted 
in bold italics).

Article IV
Council
Section 8. The Council shall also have power to speak in 
the name of the Society with respect to matters affecting 
the status of mathematics or mathematicians, such as pro-
posed or enacted federal or state legislation; conditions of 
employment in universities, colleges, or business, research 
or industrial organizations; regulations, policies, or acts 
of governmental agencies or instrumentalities; and other 
items which tend to affect the dignity and effective position 
of mathematics.

With the exceptions noted in the next two paragraphs, a 
favorable vote of two-thirds of the entire membership of 

Proposed Bylaws Amendment
Speaking in the Name of the Society

Proposed amendments to the Society’s Bylaws must be recommended by the Council and approved by the membership. 
To gain membership approval, an amendment must have an affirmative vote of two-thirds of those voting in a ballot 
in which at least ten percent of the members vote. The complete Bylaws can be viewed at www.ams.org/bylaws.html. 
The Bylaws are also published in this, the September 2019, issue of the Notices, p. 1264.
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the Council shall be necessary to authorize any statement in 
the name of the Society with respect to such matters. With 
the exception noted in the next paragraph, such a vote may 
be taken only if written notice shall have been given to the 
secretary by the proposer of any such resolution not later 
than one month prior to the Council meeting at which 
the matter is to be presented, and the vote shall be taken 
not earlier than one month after the resolution has been 
discussed by the Council.

If, at a meeting of the Council, there are present twelve 
members, then the prior notification to the secretary may be 
waived by unanimous consent. In such a case, a unanimous 
favorable vote by those present shall empower the Council 
to speak in the name of the Society.

If the president and the secretary agree that a statement 
in the name of the Society is urgently needed and waiting 
for the next meeting of the Council would greatly reduce the 
impact of the statement, then the secretary shall communicate 
the proposed statement to the Council (making a good-faith 
effort to reach all members) and hold a vote, allowing at least 
one day for votes to be received after the communication. If 
favorable votes are received from at least two-thirds of the 
entire membership of the Council, and no more than two 
votes against it are received, then the statement will be made 
in the name of the Society. Actions taken under this procedure 
shall be reviewed by the Council at its next meeting, where a 
favorable vote of two-thirds of the entire membership of the 
Council shall be necessary to keep such a statement in place.

The Council may also refer the matter to a referendum 
of the entire membership of the Society and shall make 
such reference if a referendum is requested, prior to final 
action by the Council, by two hundred or more members. 
The taking of a referendum shall act as a stay upon Council 
action until the votes have been canvassed, and thereafter 
no action may be taken by the Council except in accordance 
with a plurality of the votes cast in the referendum.

AMS members who renew their 
membership by October 1, 2019 
will receive 13 AMS Points.* 

Renew as a Life member 
and receive 26 AMS Points!

*Excludes affi liate members and nondues-paying members.

Nonmembers who join the 
AMS by October 1, 2019 will 
also receive 13 AMS Points.*
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Nomination of Ruth Charney
by Michael Davis 
and Karen Vogtmann

It is with great pleasure and enthu-
siasm that we nominate Ruth Char-
ney to be President of the American 
Mathematical Society (AMS). Both 
of us have been close friends and 
collaborators with Ruth for many 

years and feel confident that she would make a truly out-
standing President.

Charney is currently the Theodore and Evelyn Ber-
enson Professor of Mathematics at Brandeis University. 
After earning her PhD in 1977 from Princeton, she took 
a postdoctoral position at the University of California in 
Berkeley and subsequently moved to Yale University with 
an NSF postdoctoral fellowship. In 1984 she accepted a 
permanent position at The Ohio State University, where she 
worked until moving to Brandeis University in 2003. She 
has also held visiting research positions at various institu-
tions including the Institut des Hautes Études Scientifiques 
in Paris; the Institute for Advanced Study in Princeton; 
the Mathematical Institute in Oxford; the Université de 
Borgogne in Dijon; the Institut Mittag-Leffler in Sweden; 
the Forschungsinstitut für Mathematik in Zurich; MSRI in 
Berkeley; the Isaac Newton Institute in Cambridge; and 
Warwick University Mathematics Institute. She is a Fellow 
of the American Mathematical Society and of the Associa-
tion for Women in Mathematics (AWM).

Mathematical work. Charney has made important 
and influential contributions to a wide range of subjects 
in group theory and topology. Her early results include 
seminal work on homological stability for linear groups, 
contributions to understanding the stable cohomology 
of mapping class groups and work on compactifications 
of moduli spaces. Subsequently she became one of the 

pioneers of geometric group theory. She continues to do 
fundamental work in this field. This work includes develop-
ing the theory of Artin groups (especially right-angled Artin 
groups and their groups of automorphisms) and research 
on non-positively curved spaces. Her work on non-positive 
curvature includes: 1) the technique of strict hyperboliza-
tion, 2) the criteria for branched covers of Riemannian 
manifolds to be non-positively curved, 3) a characteriza-
tion of spherical and Euclidean buildings in terms of their 
metric properties, and most recently, 4) the introduction 
of a new type of boundary for CAT(0) spaces. In addition, 
she has worked on the Charney-Davis Conjecture about 
the combinatorics of triangulations of spheres, which was 
motivated by considerations of non-positive curvature.

We will give further details about some of this work 
below.

Artin groups. Charney is particularly well-known for her 
work on Artin groups. These are generalizations of braid 
groups. Every Artin group A has an associated Coxeter group 
W, and if W is finite then A is said to be of finite type. In 
the case of the braid group on n strands, the associated 
Coxeter group is the symmetric group on n letters, which 
records the permutation of strands at the end of a braid; 
in particular braid groups are of finite type. In general a 
Coxeter group W has a representation as a group generated 
by linear reflections of Cn. When the Artin group A has 
finite type, Deligne proved that the complement of the set 
of reflecting hyperplanes in Cn has a contractible univer-
sal cover, and the quotient of this complement by W has 
fundamental group isomorphic to A; in other words, this 
quotient is an Eilenberg-Maclane space, or a K(π, 1), for A. 
The problem of whether the same statements hold for an 
arbitrary Artin group is known as the “K(π, 1)-Conjecture” 
for Artin groups. It is considered to be the most important 
unsolved conjecture in the subject. In 1995 Charney and 
Davis proved it for a large class of Artin groups of infinite 
type.

By 1990 the notion of “automatic group” was surfacing 
in geometric group theory. Roughly, this means a group 
for which the word problem can be solved by a finite 
state automaton. Garside had solved the word problem 

Nominations for President
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Michael Davis is a professor at The Ohio State University. 

Karen Vogtmann is a professor of mathematics at U. of Warwick and the 
Goldwin Smith Professor of Mathematics Emeritus at Cornell.
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not be part of a compactification, it is invariant under 
quasi-isometries. This new notion promises to become an 
important concept in geometric group theory.

Professional service. Charney has a truly exemplary record 
of service to the mathematical community. Her work spe-
cifically for the American Mathematical Society includes 
the elected offices of Vice President (2006–2008) and 
member of the Board of Trustees (2012–2016). She has 
also served on numerous key committees, including the 
Executive Committee, the Nominating Committee, and the 
Committee on the Profession, so she is thoroughly familiar 
with the structure and the dynamics of the AMS.

Charney has also worked with many mathematics or-
ganizations other than the AMS. She was President of the 
Association for Women in Mathematics in 2013–2015, as 
well as serving on several AWM committees, including its 
Scientific Advisory Committee and the Executive Com-
mittee. She has also served on the Board of Trustees of 
the Mathematical Sciences Research Institute in Berkeley 
and the US National Committee for Mathematics; she 
is currently on the Scientific Advisory Board of the Cen-
tre de Recherches Mathématiques in Canada. She has a 
good understanding of the workings of various American 
mathematics departments, having participated in external 
review committees for a number of universities around the 
country. She also served as head of her own mathematics 
departments at both Ohio State and Brandeis. In all of these 
positions she has shown a real talent for dealing effectively 
with a broad spectrum of mathematicians and advocating 
for their interests with the relevant parties.

Charney has served on the organizing committee for 
well over a dozen workshops and conferences at venues 
around the world. Together with her many visiting posi-
tions abroad, this has given her extensive experience with 
the international mathematical community, contributing 
to the strength of her candidacy for President of the AMS.

On a personal level, Charney is open and approachable. 
She gives clear and compelling lectures, and interacts read-
ily with mathematicians of all ages. In particular we would 
like to highlight Charney’s deep involvement with young 
people. She has been a very successful mentor of graduate 
students and postdocs, and has given her time and energy 
to organizations and events such as the Young Mathemati-
cians Conference at Ohio State, SACNAS, the Georgia Tech 
Topology Students Workshop, and the Institute for Ad-
vanced Study Women and Mathematics (WAM) Program.

Conclusion. Charney is a distinguished and accomplished 
research mathematician who has been an energetic and 
effective advocate for mathematics and mathematicians in 
a wide variety of contexts. She will make an outstanding 
President for the American Mathematical Society.

for braid groups and Thurston had used this to prove that 
braid groups were automatic (in fact biautomatic). In his 
work on the K(π, 1)-Conjecture, Deligne had shown how 
to extend Garside's methods to all Artin groups of finite 
type. The final step was taken by Charney: In an influen-
tial 1992 paper she proved that in fact all finite type Artin 
groups are biautomatic. Much of Charney's work concerns 
right-angled Artin groups (sometimes called RAAGs). The 
K(π, 1)-Conjecture is true for these Artin groups—their 
natural K(π, 1) is a non-positively curved cube complex. 
During the last ten years the study of RAAGs has come 
to occupy a central place in geometric group theory. In 
recent years Charney has written a series of papers with 
Vogtmann and various other collaborators on the structure 
of automorphism groups of RAAGs, as well as automor-
phism groups of other Artin groups. One motivation for 
this work is that the two extreme cases of RAAGs are free 
Abelian groups and free groups—and both extremes have 
extremely interesting outer automorphism groups, namely, 
GL(n, Z) and Out(Fn).

Non-positively curved spaces. In his 1987 paper, Hyperbolic 
groups, Gromov explained how to define non-positive cur-
vature and strict negative curvature for metric spaces more 
general than Riemannian manifolds, and then he defined 
the notion of a hyperbolic group, the prototypical example 
of which is the fundamental group of a strictly negatively 
curved, compact geodesic metric space. Gromov described 
several general methods for constructing non-positively 
curved spaces. One method starts with a simplicial com-
plex X and produces a non-positively curved space H(X) 
called its “hyperbolization.” The spaces X and H(X) are 
closely related, for example, when X is a manifold, H(X) 
is a manifold that is cobordant to X. It turned out that in 
dimensions at least four Gromov’s non-positively curved 
hyperbolization procedures failed to produce spaces whose 
fundamental groups were hyperbolic. This was remedied 
in the 1995 paper of Charney and Davis, in which they 
described a modification of Gromov’s hyperbolization that 
always produces spaces of strict negative curvature.

In recent work with graduate students and postdocs, 
Charney introduced a new notion into geometric group 
theory, the idea of a “Morse boundary.” An important 
feature of a hyperbolic group is that one can attach to it 
an ideal boundary and this boundary is a quasi-isometry 
invariant. Similarly, one can attach an ideal boundary to 
the universal cover of a strictly negatively curved geodesic 
space. In the case of strict negative curvature, quasi-isometry 
invariance is established by showing that geodesic rays sat-
isfy a certain crucial property, first established by Morse for 
geodesics in the hyperbolic plane. Charney’s idea is that by 
restricting attention to the geodesics which satisfy Morse's 
property one obtains a partial boundary for the universal 
cover of any geodesic metric space (indeed, for any finitely 
generated group). Although this Morse boundary need 
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Nomination of Dusa McDuff
by Yakov Eliashberg 
and Helmut Hofer

It is a great honor and pleasure for us 
to nominate an outstanding mathe-
matician and person to be the Pres-
ident of the American Mathematical 
Society.

Dusa McDuff has made ground-
breaking contributions to different 

areas of mathematics, especially to symplectic geometry 
and topology. However, her contributions to mathematics 
go well beyond her mathematical discoveries.

Here is how David Eisenbud, the director of the Math-
ematical Sciences Research Institute (MSRI) in Berkeley 
describes her contributions to the Institute: 

Dusa McDuff has been a mainstay of MSRI’s structure for 
a very long time: She has been a member of several programs; 
a program organizer; the Chair of the Scientific Advisory Com-
mittee, which determines the major programs at MSRI. She was 
the Chair of the Board of Trustees at the time of MSRI’s first big 
fundraising project, resulting in the major expansion of MSRI’s 
facility in 2006. She has remained on the Board of Trustees ever 
since, contributing to the governance of MSRI in many ways. 
Because of her mathematical eminence, her long experience, 
and her evident good sense, she has tremendous influence on 
the Board, much to MSRI’s benefit.

She also currently serves on the Diversity Committee of 
the School of Mathematics at the Institute for Advanced 
Study (IAS), Princeton.

McDuff has been a tremendous role model for many. 
Besides the fact that she advised many PhD students, it is 
impossible to overestimate her role in bringing and nur-
turing outstanding women to the mathematical profession. 
We were told by several accomplished women mathemati-
cians that to a large degree they owe their career success to 
Dusa’s advice, example, and help.

Professor Peter Sarnak of the IAS said that as the Chair 
(since 2016) of the Program Committee of the Women and 
Mathematics Program at the IAS, Dusa McDuff has led by 
example, guidance and participation in the yearly programs. 
Thanks to her efforts the program is thriving and it will continue 
to do so under her leadership.

Margaret Dusa Waddington (now Dusa McDuff) was 
born in London, England, and grew up in Scotland. Her 
father Conrad Waddington was a professor of developmen-
tal biology genetics and one of the forefathers of systems 
biology. Her mother, Margaret Justin Waddington, was an 
architect and town planner. She designed council housing 

in Edinburgh and researched efficient designs for emer-
gency rooms in hospitals. In fact, many women in her ma-
ternal line were absolutely remarkable. Her grandmother 
Amber (also called Dusa) was a writer and a philosopher, 
and after World War II taught philosophy in Morley College 
(now part of the University of London). Dusa’s great-grand-
mother Maud was an author and political activist. She 
was part of a group of women who won voting rights for 
women in New Zealand in 1893, the first country in the 
world to achieve this. Her book written in 1911 about the 
working class poor in London is still used as a textbook. As 
McDuff writes in her autobiography, “I am convinced that 
it is only because there was such a strong academic tradition in 
my family (among both women and men) that I survived as a 
mathematician.”

As an undergraduate she studied in Edinburgh and for 
her graduate study went to Cambridge where, under the 
direction of G. A. Reid, she solved a well-known problem 
about von Neumann algebras, constructing infinitely many 
different II1 factors. Her paper was published in Annals 
of Mathematics. She then went to Moscow, following her 
husband who needed to work in the Soviet archives. She 
used her six months in Moscow to study with I.M. Gelfand 
who had an enormous influence on her mathematical 
interests and career. She spent the following early years as 
a postdoctoral fellow in Cambridge, followed by a lecture-
ship at the University of York, visiting positions at MIT and 
the Institute for Advanced Study, and a lectureship at the 
University of Warwick. Her research at the time focused on 
questions in algebraic topology. It included a joint paper 
with Graeme Segal on the group completion theorem and 
a series of papers on the homology of groups of volume 
preserving diffeomorphisms. In 1978 she moved to SUNY 
at Stony Brook, where she rose through the ranks to become 
a distinguished professor. In 2007 she moved to Barnard 
College, Columbia University, where she now holds the 
Helen Lyttle Kimmel '42 Chair in Mathematics. She is also 
a Professor Emeritus at Stony Brook.

In the early eighties her interests shifted toward symplec-
tic geometry and the emerging field of symplectic topology. 
In 1985 McDuff visited the IHES, where she had a chance 
to interact with Mikhail Gromov who had just written his 
paper on pseudoholomorphic curves which revolutionized 
and essentially created the subject symplectic topology. 
McDuff actively joined this revolutionary development 
and herself made many remarkable discoveries. Since that 
time she is one of the mathematicians whose work, over 
a period of more than thirty years, has shaped the subject 
of symplectic topology, and her work continues to shape 
the subject today.

Here are just a few of of McDuff’s outstanding results in 
symplectic topology:

 • She constructed the first examples of non-dif-
feomorphic symplectic forms in the same co-
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homology class and which are deformationally 
equivalent; i.e., can be connected by a family of 
symplectic forms with varying cohomology classes;

 • Via a fine analysis of singularities of J-holomorphic 
curves in a 4-dimensional symplectic manifold, 
she extended Gromov’s theorem proving that a 
symplectic 4-manifold which asymptotically is the 
standard R4 is symplectomorphic to the standard 
symplectic R4 up to blow-ups;

 • She gave a complete symplectic classification of 
ruled and rational symplectic 4-manifolds;

 • Jointly with Polterovich she advanced the symplec-
tic packing problem in a remarkable way;

 • Jointly with Lalonde she established the existence 
of a bi-invariant (Hofer) metric on the group of 
symplectomorphisms of an arbitrary symplectic 
manifold;

 • Jointly with Abreu and partially other co-authors 
she completely described the homotopy type of 
the group of symplectomorphisms of S2  S2 and 
some other ruled surfaces;

 • Jointly with Lalonde and Polterovich she de-
veloped the theory of symplectic fibrations and 
proved groundbreaking results towards the “flux 
conjecture;”

 • Partially jointly with Tolman she classified Hamil-
tonian S1-actions on a large class of 6-manifolds;

 • Jointly with F. Schlenk she developed revolutionary 
new techniques for symplectic embeddings which 
in combination with results of Michael Hutchings 
yielded a complete solution of the symplectic 
embedding problem for 4-dimensional ellipsoids.

Collaborating with K. Wehrheim she also invested a lot 
of time and work toward the building of foundations of 
the theory of holomorphic curves.

McDuff authored (jointly with D. Salamon) two funda-
mental textbooks on symplectic topology and the theory 
of pseudoholomorphic curves. One is a more introductory 
text Introduction to Symplectic Topology (which is now in its 
third edition) and the other an advanced book J-holomor-
phic Curves and Symplectic Topology for which McDuff and 
Dietmar Salamon received the 2017 Leroy P. Steele Prize 
for Mathematical Exposition.

It is difficult to overestimate the influence and impor-
tance of these books. Quoting the prize citation, while being 
among the main contributors to this development, McDuff and 
Salamon spent nearly a decade assembling the foundations of 
this subject into a mammoth 700-page book. It has since served 
as the most standard and undisputed reference in the field and 
as the main textbook for graduate students and others entering 
the field.

Salamon described his collaboration with McDuff on 
these books in the following words: The process of writing 
these books did not go without extensive arguing about style 

and content, and what seemed like endless discussions about 
consistent choices of signs. We often had very different points of 
view in our approach to the subject, which one might describe 
as more geometric (Dusa) versus more analytic (myself). After 
some back and forth we did, however, always manage to find 
a compromise and in the end this process turned out to be very 
fruitful and inspiring. We learned a lot from each other and none 
of us could have written these books by ourselves.

For her outstanding contributions McDuff received 
many honors. She was twice an invited speaker at the In-
ternational Congress of Mathematicians in 1990 and 1998 
(plenary lecture) and gave numerous prestigious lectures 
around the world. She was elected as a Fellow of the Royal 
Society in 1994, as a Fellow of the American Academy of 
Arts and Sciences in 1995, as a Member of the National 
Academy of Sciences in 1999. She is an Honorary Fellow 
of Girton and King’s Colleges, Cambridge, an Honorary 
Member of the London Mathematical Society, a Member 
of the American Philosophical Society, a corresponding 
member of the Royal Society of Edinburgh, and a foreign 
member of Academia Europaea. McDuff holds honorary 
degrees from the University of Edinburgh; University of 
York; University of Louis Pasteur, Strasbourg; University 
of St. Andrews, Scotland; University Pierre et Marie Curie, 
Paris; and Warwick University. Besides her joint AMS Steele 
Prize with Salamon, McDuff was awarded the inaugural 
Ruth Lyttle Satter Prize of the AMS, and the Senior Berwick 
Prize of the London Mathematical Society.

We are convinced that if elected Dusa McDuff would be 
an outstanding President of the AMS.
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Candidate Biographies

Biographical information about the candidates has been supplied and verified by the candidates.
Candidates have had the opportunity to make a statement of not more than 200 words on any subject matter with-

out restriction and to list up to five of their research papers.
Candidates have had the opportunity to supply a photograph to accompany their biographical information. 

Acronyms: AAAS (American Association for the Advancement of Science); AMS (American Mathematical Society); ASA 
(American Statistical Association); AWM (Association for Women in Mathematics); CBMS (Conference Board of the 
Mathematical Sciences); IAS (Institute for Advanced Study); ICM (International Congress of Mathematicians); IMA 
(Institute for Mathematics and Its Applications); IMU (International Mathematical Union); IPAM (Institute for Pure 
and Applied Mathematics); LMS (London Mathematical Society); MAA (Mathematical Association of America); MSRI 
(Mathematical Sciences Research Institute); NAS (National Academy of Sciences); NRC (National Research Council); 
NSF (National Science Foundation); PIMS (Pacific Institute for the Mathematical Sciences); SIAM (Society for Industrial 
and Applied Mathematics); STEM (Science, Technology, Engineering and Mathematics).

President
Ruth Charney
Theodore and Evelyn Berenson Pro-
fessor of Mathematics, Brandeis Uni-
versity.
PhD: Princeton University, 1977.
AMS Offices: Member at large, 1992–
1995; Vice President, 2006–2009; 
Board of Trustees, 2012–2017.
AMS Committees: Committee on the 
Profession, 1993–1995; Centennial 

Fellowship Committee, 1995–1997; Nominating Com-
mittee, 2000–2003; Central Section Program Committee, 
2002–2004; Committee on the Profession, 2004–2005; 
MRC Steering Committee, 2006–2010; Executive Commit-
tee, 2007–2011; Birman Fellowship Selection Committee, 
2018–present; Committee on Committees, 2019–present.
Selected Addresses: AMS Plenary Lecture, Vanderbilt Uni-
versity, 2004; MAA Distinguished Lecture, Washington, 
DC, 2008; MAA Pólya Lectures, 2013–2015; AWM Research 
Symposium Plenary Lecture, UCLA, 2017; AMS Plenary 
Lecture, JMM, San Diego, 2018.
Additional Information: NSF Postdoctoral Fellowship, 
1979–1980; Yale Junior Faculty Fellowship, 1982–1983; 
AWM Executive Committee, 1990–1993; MSRI Board of 
Trustees, 1993–1995 and 2007–2015; Editorial Board, 
Algebraic and Geometric Topology, 2000–2007; US Na-

tional Committee for Mathematics, 2005–2008; Institute 
for Advanced Study Program for Women, Advisory Board, 
2007–2010; President of the AWM, 2013–2015; External 
Review Committee, Banff International Research Station, 
2015; AWM Scientific Advisory Committee, 2015–2016; 
Centre de Recherches Mathématiques, Scientific Advisory 
Board, 2016–present. Fellow of the AMS, 2012; Fellow of 
the AWM, 2017. Member: AMS, AWM, MAA, SIAM.
Selected Publications: 1. Homology stability for GLn of a 
Dedekind domain, Invent. Math., 56 (1980), no. 1, 1–17. 
MR0557579 (81h:18010); 2. Artin groups of finite type 
are biautomatic, Math. Ann., 292 (1992), no. 4, 671–683. 
MR1157320 (93c:20067); 3. with M. W. Davis, The 
K(π,1)-problem for hyperplane complements associated 
to infinite reflection groups, J. Amer. Math. Soc., 8 (1995), 
no. 3, 597–627. MR1303028 (95i:52011); 4. with J. Behr-
stock, Divergence and quasimorphisms of right-angled 
Artin groups, Math. Ann., 352 (2012), no. 2, 339–356. 
MR2874959; 5. with N. Stambaugh and K. Vogtmann, 
Outer space for untwisted automorphisms of right-angled 
Artin groups, Geom. Topol., 21 (2017), no. 2, 1131–1178. 
MR3626599.
Statement by Candidate: I am often asked to reflect on 
my career in mathematics and the challenges I have faced. 
While there are many stories I might tell about my journey, 
in retrospect, it has been a fantastic experience and I would 
do it again in a heartbeat. I would be honored to have the 
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opportunity, as President of the AMS, to give back to the 
community that has supported me through this journey.

I believe that the breadth of my experience would serve 
me well in this position. I have been on the faculty of both 
large schools (Ohio State University) and small schools 
(Brandeis University). I have faced the challenge of raising 
a family while building a career. I have served as chair of 
my department, and on numerous professional committees 
and boards. In particular, I have served as Vice President 
of the AMS, as Chair of the AMS Board of Trustees, and as 
President of the Association for Women in Mathematics.

The AMS currently faces some major challenges. Main-
taining government support for mathematics research is 
crucial to the profession. The AMS must take an active role 
in promoting the importance of mathematics research and 
in advocating for increased government support. Changes 
in the publishing business brought about by advancing 
technology present another ongoing challenge, as publish-
ing is a prime source of revenue for the AMS. During my 
time as a Trustee, I participated in many discussions about 
the best way to address these developments.

At the same time, changes in the culture are providing 
new opportunities for the AMS. As pure and applied math-
ematics have become more integrated, and as an increasing 
number of graduate students seek jobs in industry, the AMS 
has expanded its horizons beyond its traditional focus. I 
strongly support this move. Another opportunity for the 
AMS today is helping to increase the participation of un-
der-represented groups in mathematics. I entered graduate 
school at a time when the percentage of women in the field 
was pathetically small and have worked throughout my 
career to change this. Now is the time to apply what we 
have learned to other under-represented groups.

I am committed to assuring that the field of mathemat-
ics continues to thrive and welcomes all those who wish 
to participate. I would be deeply honored to be elected 
President of the AMS.

President
Dusa McDuff
Helen Lyttle Kimmel ’42 Professor 
of Mathematics, Barnard College, 
Columbia University. 
PhD: University of Cambridge, 1971.
AMS Committees: Centennial Fel-
lowship Committee, 1989–1991 
(Chair,  1990–1991); Program 
Committee for National Meetings, 
1991–1994; AMS-CMS Joint Program 

Committee, 1991–1994; Chair, Satter Prize Selection Com-
mittee, 1992–1994; Journal of the AMS, 1992–1998; Collo-
quium Lecture Committee, 2002–2005; Collected Works 
Editorial Committee, 2004–2013 (Chair, 2008–2013); 
National Awards and Public Representation, 2007–2009, 

2015–2017; Veblen Prize selection, 2015–2018; Steele Prize 
selection, 2018–2021.
Selected Addresses: AMS Invited address, JMM, Atlanta, 
1988; Invited speaker, ICM, Kyoto, 1990; Plenary Lecture, 
ICM, Berlin, 1998; AWM Noether Lecture, JMM, Baltimore, 
1998; Colloquium lectures, JMM, Baltimore, 2014.
Additional Information: Ruth Lyttle Satter Prize, 1991; 
Fellow, Royal Society, 1994; Member, National Academy 
of Sciences, 1999; London Mathematical Society Senior 
Berwick Prize, 2010; Member, American Philosophical So-
ciety, 2013; Inaugural Fellow, AMS, 2013; AMS Steele Prize 
for Exposition, 2017; Fellow, AWM, 2018; Sylvester Medal, 
Royal Society, 2018. Honorary Doctorates: Edinburgh, 
1997; York, 2000; Strasbourg, 2008; St. Andrews, 2014; 
Pierre et Marie Curie, Paris, 2016; Warwick, 2017.
Selected Publications: 1. A countable infinity of II1-factors, 
Ann. of Math., (2) 90 (1969), 361–371. MR0256183; 2. Ex-
amples of symplectic structures, Invent. Math., 89 (1987), 
13–36. MR0892186 (41 #840); 3. The Structure of rational 
and ruled symplectic 4-manifolds, J. Amer. Math. Soc., 3 
(1990), no. 3, 679–712; MR1049697 (91k:58042); 4. with 
D. Salamon, J-holomorphic curves and symplectic topol-
ogy, Colloq. Publications, 52 (2004), 2nd edition (2012) 
MR2954391; 5. with F. Schlenk, The embedding capacity 
of 4-dimensional symplectic ellipsoids, Ann. of Math., (2) 
175 (2012), no. 3, 1191–1282. MR2912705.
Statement by Candidate: I am honored to be nominated as 
President of the American Mathematical Society. The AMS 
provides vital support for the mathematical community, 
both in the USA and abroad, by its meetings and publica-
tions; its advocacy for the importance of mathematics to 
society; its support for efforts to diversify the profession; 
and its support for mathematicians at all stages in their 
careers. I will be happy to work to further all of these aims. 

Though I have put most of my mathematical energy 
into research, in my teaching I always try to develop my 
students’ interest in mathematics. I have also worked hard 
to promote the visibility of women in mathematics and to 
mentor young female mathematicians.

In 2013 I became an organizer of the Women and Math-
ematics program at the Institute for Advanced Study. This 
program was started over twenty-five years ago and it has 
been a great pleasure to help in its further development. 

I have been associated with the governance of the 
Mathematical Sciences Research Institute, Berkeley, almost 
continuously since 1990, first as a member (then Chair) of 
the Scientific Advisory Committee, and then as a member of 
the Board of Trustees (Chair 1998–2001). That experience 
has shown me the importance and transformative effect of 
good mathematical leadership. 

The American Mathematical Society has a rather differ-
ent but equally important role to play in the mathematical 
community. It already has many programs that support 
young mathematicians, for example by awarding small 
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travel grants and arranging local meetings. However, the 
new initiative for The Next Generation Fund promises 
to have considerably more impact, and it is important to 
support this effort. Besides the material support it should 
provide for younger mathematicians, it could serve as a way 
to engage young mathematicians in the wider community 
and hence help to bring in new, diverse voices, strength-
ening us all. It is also essential to promote public outreach 
activities such as the National Mathematics Festival and 
the congressional briefings on advances in mathematics to 
highlight both the joy and the beauty of mathematics and 
its crucial value to society at large. 

The vitality and stability of the American Mathematical 
Society depends on the contributions of many different 
people, both members and staff; if elected, it will be my 
pleasure to work with them to promote its further success.

Vice President
Fan Chung Graham
Professor of Mathematics, University 
of California at San Diego.
PhD: University of Pennsylvania, 
1974.
AMS Offices: Member at Large of the 
Council, 1989–1991.
AMS Committees: AMS–SIAM–IMS 
Joint Summer Research Conference 
Committee, 1991–1993; Editorial 

Board Committee, 1993–1996 (Chair, 1994); Committee 
on Committees, 1995–1996; National Award and Public 
Representation, 2000–2002; Fan Fund Committee, 2000–
2003; Morgan Prize Committee, 2001–2004; Nominating 
Committee, 2011–2013; Joseph Doob Prize Selection Com-
mittee, 2019–2022.
Selected Addresses: AMS–MAA Joint Invited Address, 
Orono, Maine, 1991; AMS Invited Address, Washington, 
DC, 1993; ICM Invited Address, Zurich, 1994; CBMS Lec-
tures on Spectral Graph Theory, Fresno, CA, 1994; CBMS 
Lectures on the Combinatorics of Large Sparse Graphs, 
San Marcos, CA, 2004; AMS–MAA–SIAM Invited Address, 
San Diego, 2008; AWM Noether Lecture, Washington, DC, 
2009.
Additional Information: Conference Board of the Mathe-
matics Sciences, 1989–1992, 2001–2002; Carl B. Allendoer-
fer Award, 1990; Board of Mathematical Sciences, National 
Research Council, 1995–1999; Member, American Acad-
emy of Arts and Sciences, 1998; AMS Fellow, 2013; SIAM 
Fellow, 2015; Academician, Academic Sinica, 2016; Doctor 
of Mathematics honoris causa, University of Waterloo, 2017; 
Euler Medal, Institute of Combinatorics and Applications, 
2017. Editorial Boards: Co-Editor in Chief, Electronic 
Journal of Combinatorics, 2000–2003; Advances in Applied 
Mathematics, 2000–2004; Internet Mathematics, 2003–2016; 

Journal of Combinatorics, 2010–; Editorial Boards of twelve 
other journals.
Selected Publications: 1. Graph theory in the information 
age, Notices Amer. Math. Soc., 57 (2010), no. 6, 726–732. 
MR2674816; 2. with Ron Graham, On the discrepancy of 
circular sequences of reals, J. Number Theory, 164 (2016), 
52–65. MR3474378; 3. A generalized Alon-Boppana 
Bound and week Ramanujan graphs, Electronic J. Combina-
torics, (2016), #P 3.4; 4. with F. Bauer, Y. Lin and Y. Liu, Cur-
vature aspects of graphs, Proc. Amer. Math. Soc., 145 (2017), 
no. 5, 2033–2042. MR3611318; 5. with S. G. Aksoy, M. Tait 
and J. Tobin, The maximum relaxation time of a random 
walk, Adv. in Appl. Math., 101 (2018), 1–14. MR3857550.
Statement by Candidate: I am honored to be nominated 
for the vice presidency of the AMS. If elected, I will do 
my best to serve the mission of the AMS by supporting 
mathematicians in the dissemination of mathematics and 
mathematical ideas.

Vice President
Francis Su
Benediktsson–Karwa Professor of 
Mathematics, Harvey Mudd College.
PhD: Harvard University, 1995.
AMS Offices: AMS Council, Member 
at Large, 2007–2010.
AMS Committees: Short Course 
Committee, 2005–2008; Committee 
on the Profession, 2007–2010; Pure 
and Applied Undergraduate Texts 

Editorial Board, 2009–2013; Selection Committee for the 
Award for Exemplary Program, 2011–2014; Committee on 
Science Policy, 2017–2020; Human Rights of Mathemati-
cians, 2019–2022.
Selected Addresses: MAA Retiring Presidential Address: 
"Mathematics for Human Flourishing," JMM, 2017; Plenary 
Address, MSRI Conference on Geometric and Topological 
Combinatorics, 2017; Invited Address, NCTM Annual 
Meeting, 2018; Dasturzada Dr Jal Pavry Memorial Lecture, 
Oxford University, 2018; Invited Speaker, National Math 
Festival, 2019.
Additional Information: MAA Vice-President, 2010–2012; 
MAA Haimo Award, 2013; Co-organizer, AMS Mathematics 
Research Community, Snowbird, Utah, 2014; Research 
Director, MSRI-Undergraduate Program, 2015; MAA Presi-
dent, 2015–2017; Editorial Board, SIAM Journal on Discrete 
Mathematics, 2015–2018; Co-organizer, MSRI Research 
Program on Geometric and Topological Combinatorics, 
2017; MAA Halmos–Ford Award, 2018. 
Selected Publications: 1. with J. De Loera and E. Peterson, 
A polytopal generalization of Sperner's lemma, J. Com-
bin. Theory Ser. A, 100 (2002), no. 1, 1–26. MR1932067 
(2003h:52016); 2. with A. Bliss, Lower bounds for simplicial 
covers and triangulations of cubes, Discrete Comput. Geom., 
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33 (2005), no. 4, 669–686. MR2132296 (2005m:52025); 
3. with M. Klawe, K. Nyman, and J. Scott, Double-interval 
societies, The mathematics of decisions, elections, and games, 
135–146, Contemp. Math., 624, Amer. Math. Soc., Provi-
dence, RI (2014). MR3308274; 4. with T. Seacrest, A lower 
bound technique for triangulations of simplotopes, SIAM 
J. Discrete Math., 32 (2018), no. 1, 1–28. MR3740317; 5. 
Mathematics for Human Flourishing, Yale University Press, 
forthcoming, January 2020.
Statement by Candidate: Research can be an important 
part of the life of every professional mathematician, not 
just of those at R1 universities. Every mathematician 
should have opportunities to nurture the joy and wonder 
that brought us to this profession in the first place. Yet 
research funds are increasingly denied to those who’ve 
chosen careers in institutions that also value teaching. 
These important institutions include among their faculty 
substantially more women and underrepresented groups 
than at R1 universities, and serve a substantially more di-
verse population. If elected, I would represent the voice of 
those of us who believe that our entire community benefits 
when we enable a wider spectrum of our community to 
participate in mathematical discovery. I would promote 
policies, procedures, and initiatives that encourage diverse 
voices in our profession, that increase understanding and 
respect between mathematicians at different types of insti-
tutions, that recognize the expertise of math educators in 
showing us what effective teaching looks like, and that sup-
port mathematicians who want to positively impact public 
understanding of mathematics. I would also advocate for 
the continued partnership and goodwill between the AMS 
and other mathematical organizations. I’m grateful for this 
potential opportunity to serve the AMS in this way.

Board of  Trustees
Solomon Friedberg
James P. McIntyre Professor of Math-
ematics, Boston College.
PhD: The University of Chicago, 
1982.
AMS Committees: Working Group 
on Preparation for Technical Careers, 
2007–2009; Joint Math Meetings 
Travel Grants Selection Committee, 
Chair, 2008–2009; AMS–MAA Joint 

Committee on TAs and Part-Time Instructors 2014–2020 
(Chair, 2016–2020); New England Regional Committee, 
Next Generation Campaign, 2018–2019; Committee on 
the Profession, 2019–2022.
Selected Addresses: Number Theory Xi’an 2011 (4 lectures 
as plenary speaker); International Conference on Number 
Theory and Physics, IMPA, Rio de Janeiro, Brazil, 2015; 
POSTECH-HIT Number Theory Workshop, Harbin, China, 
2017 (3 lectures as plenary speaker); Simons Symposium 

on Relative Trace Formulas, Germany, 2018; HKU Number 
Theory Days, University of Hong Kong, 2018.
Additional Information: Sloan Fellow, 1989–1992; 
Distinguished Visiting Professor of Mathematics, Brown 
University, Spring 2002; MAA Northeastern Section Award 
for Distinguished College or University Teaching, 2009; 
Fellow, AMS, Class of 2014; Distinguished Ordway Visitor, 
University of Minnesota, 2014.
Selected Publications: 1. with D. Bump and J. Hoffstein, 
Nonvanishing theorems for L-functions of modular forms 
and their derivatives, Invent. Math., 102 (1990), no. 3, 
543–618. MR1074487 (92a:11058); 2. with D. Goldberg, 
On local coefficients for non-generic representations of 
some classical groups, Compositio Math., 116 (1999), no. 2, 
133–166. MR1686785 (2000e:22007). 3. with B. Brubaker 
and D. Bump, Weyl group multiple Dirichlet series: type A 
combinatorial theory, Annals of Mathematics Studies, 175, 
Princeton University Press (2011). MR2791904; 4. with 
L. Zhang, Eisenstein series on covers of odd orthogonal 
groups, Amer. J. Math., 137 (2015), no. 4. MR3372312; 5. 
with D. Ginzburg, Descent and theta functions for meta-
plectic groups, J. Eur. Math. Soc. (JEMS) 20 (2018), no. 8, 
1913–1957. MR3854895.
Statement by Candidate: I am honored to be nominated 
to serve as Trustee of the AMS, and in this role to tend to 
the financial health of the Society. I was Chair of the Bos-
ton College Mathematics Department from 2007 to 2016. 
During this time we started a PhD program; introduced a 
BS degree, which significantly increased the rigor of our 
undergraduate program; managed large increases in majors 
and in non-major enrollment; and hired and supported 
top young scholars while also enabling established de-
partmental researchers to flourish. Doing all this required 
keeping careful track of resources and directing them to 
meet multiple priorities simultaneously while also having 
to recognize that other worthwhile possibilities would 
have to wait. This experience will be good preparation for 
making the most of the AMS’s resources. If elected I will 
work energetically with the AMS leadership to support our 
key mission of promoting mathematics, and I will strive to 
ensure the AMS’ long term financial health

Board of  Trustees
Joseph H. Silverman
Professor of Mathematics, Brown 
University.
PhD: Harvard University, 1982.
AMS Offices: AMS Council, 2008–
2013; AMS Executive Committee, 
2009–2013; AMS Board of Trustees, 
2015–2020.
AMS Committees: Conant Prize 
Selection Committee, 2000–2003; 

University Lecture Series Editorial Committee, 2006–2008; 
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Committee on Publications, 2008–2011 (chair 2011); 
AMSTexts Editorial Board, 2009–2015; Fellows Selection 
Committee, 2013; Committee on the Profession, 2015; 
Committee on Meetings and Conferences, 2016; Commit-
tee on Education, 2017; Committee on Publications, 2018; 
Committee on Science Policy, 2019.
Selected Addresses: Lecture series on Moduli for Dynam-
ical Systems, Barbados, 2010; Lecture series on Elliptic 
Curves, Lattices, and Cryptography, Seoul National Uni-
versity, 2014; Plenary lecture Canadian Number Theory 
Association, Calgary, 2016; Special session on Arithmetic 
Dynamics, Mathematical Congress of the Americas, Mon-
treal, 2017; Plenary lecture Hawaii Number Theory Con-
ference, Honolulu, 2019.
Additional Information: Fellowships: NSF Post-Doctoral 
Fellow, 1983–1986; Sloan Foundation Fellow, 1987–
1991; Guggenheim Foundation Fellowship, 1998–1999. 
Awards: MAA Lester Ford Award, 1994; AMS Steele Prize 
for Mathematical Exposition, 1998; NES MAA Award for 
Distinguished Teaching, 2011; ECC Visionary Award, 2011; 
Fellow of the AMS, 2012. Boards: IPAM Board of Trustees, 
2003–2005; Shannon Institute Advisory Board, 2006–2012; 
ICERM Scientific Board, 2018-present. Programs Co-Orga-
nized: AMS special sessions: Providence, 1999, New Jersey, 
2004, JMM San Francisco 2010, JMM Seattle 2016, Boston 
2018; Other: IPAM 2002, 2006, Montreal, 2010, AIM, 2008, 
2016, Toronto, 2008, CUNY, 2010, ICERM, 2012, 2013, 
2016, Berkeley, 2012.
Selected Publications: 1. The arithmetic of elliptic curves, 
Graduate Texts in Mathematics, 106, Springer-Verlag, N.Y. 
(1986), 2nd edition 2009. MR0817210 (87g:11070); 2. The 
space of rational maps on P1, Duke Math. J., 94 (1998), 
41–77. MR1635900 (2000m:14010); 3. with J. Hoffstein 
and J. Pipher, An introduction to mathematical cryptogra-
phy, UTM, Springer–Verlag, NY (2008), 2nd edition 2014. 
MR3289167; 4. with S. Kawaguchi, Dynamical canonical 
heights for Jordan blocks, arithmetic degrees of orbits, and 
nef canonical heights on abelian varieties, Trans. Amer. 
Math. Soc., 368 (2016), 5009–5035. MR3456169; 5. Good 
reduction and Shafarevich-type theorems for dynamical 
systems with portrait level structures, Pacific J. Math., 295 
(2018), no. 1, 145–190. MR3778330.
Statement by Candidate: I have been actively involved for 
forty-plus years in mathematics research and mathematics 
education at all levels, including supervision of thirty-two 
PhD students. Having served on the AMS Council, AMS 
Executive Committee, and AMS Board of Trustees, I am 
running for a second term on the Board of Trustees in order 
to continue strengthening the AMS and to help ensure 
its long-term financial stability, while at the same time 
guiding the AMS in expending its resources to promote 
the vitality and diversity of the mathematics community. 
I have worked with AMS leadership and staff to develop 
programs for mathematicians at all career stages, includ-

ing: chairing the subcommittee that created AMS Graduate 
Student Chapters; facilitating the forthcoming backlog 
elimination for Transactions of the AMS; and chairing a 
subcommittee to study how the AMS can create additional 
publishing opportunities.

As a member of the Board of Trustees, I have been 
closely involved in the ongoing discussions regarding the 
Mathematical Reviews building, with the acquisition of the 
MAA book program, in fundraising for The Fund for the 
Next Generation campaign, and in many other decisions. 
Further, as the author of eight books, and having served 
on various editorial boards, I believe that my expertise can 
help in making the financial decisions that are required if 
the AMS is to succeed in today’s challenging publishing 
environment.

Member at Large 
of the Council
Terrence Richard Blackman
Dean, School of Science, Health and 
Technology & Associate Professor of 
Mathematics, Medgar Evers College, 
CUNY.
PhD: The Graduate Center, CUNY, 
2011.
AMS Committees: Member at Large, 
Committee on Science Policy, 2017; 

Member, Joint Mathematics Meetings Travel Grants Com-
mittee, 2018 (Chair, 2019–2020).
Selected Addresses: Invited Presentation(s), University of 
Gothenburg & Chalmers Institute of Technology, (i). Access 
and Excellence: On creating and nurturing mathematicians 
among the underrepresented (ii). New spectral corre-
spondences for Maass waveforms, Sweden, 2014; Invited 
Presentation, African Institute for Mathematical Sciences & 
Stellenbosch University, Number Theory Workshop, South 
Africa, 2015; Invited Presentation, CAARMS, Can you hear 
the shape of a drum? Space, Number, Symmetry & Equity, 
ICERM, Brown University, Providence, 2015; Invited Pre-
sentation, MAA MathFest, NAM David Harold Blackwell 
Lecture, Mathematics, Mathematicians, Mathematics Edu-
cation and Equity: Challenges and Opportunities, Wash-
ington DC, 2015; Organizer and Presenter, AMS Special 
Session on Quaternions, JMM, Baltimore, 2019.
Additional Information: Recipient, The Five College Fel-
lowship Award, 2008–2009; Appointment as a Dr. Martin 
Luther King Jr. Visiting Assistant Professor in the Depart-
ment of Mathematics, MIT, 2012–2013; Member, National 
Science Foundation College of Reviewers for Undergradu-
ate Education, 2018–2021; Appointment as member of the 
Council on Prizes and Awards for the Mathematical Asso-
ciation of America, 2019. Member: MAA, NAM, CAARMS.
Selected Publications: 1. with J. Belcher, Using a Mathe-
matics Cultural Resonance Approach for Building Capacity 
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in the Mathematical Sciences for African American Com-
munities. In: Jao L., Radakovic N. (eds) Transdisciplinarity in 
Mathematics Education. Springer–Cham, (2018) 125–150; 
2. with S. Lemurell, Spectral correspondences for Maass 
waveforms on quaternion groups, J. Number Theory, 158 
(2016), 1–22. MR3393537.
Statement by Candidate: It is with great humility that I 
accept the nomination to stand for elections to serve as a 
Member at Large of the AMS Council. For almost a quarter 
of a century, at Medgar Evers College, I have promoted, un-
stintingly, mathematical research, and its communication 
and uses. I have encouraged and promoted the transmission 
of mathematical understanding and skills, and I supported 
mathematics education at all levels. I have endeavored to 
advance the status of the profession of mathematics, and 
I have encouraged and facilitated the full participation of 
all individuals in the discipline of mathematics. My record 
evidences a clear commitment to fostering awareness and 
appreciation of mathematics and its connections to other 
disciplines as well as to everyday life. If elected, I commit 
to working responsibly with colleagues on the Council to 
advance the status of the profession of mathematics in all 
of its facets.

Member at Large 
of the Council
Stephan Ramon Garcia
W. M. Keck Distinguished Service 
Professor and Professor of Mathe-
matics, Pomona College.
PhD: U.C. Berkeley, 2003.
AMS Committees: Proceedings of the 
AMS editorial board, 2016–present; 
Notices of the AMS editorial board, 
2019–present.

Selected Addresses: Spectral Analysis of Non-Selfadjoint 
Operators and Application, minicourse at University of 
Rennes 1, 2011; Fourth International Conference on Matrix 
Analysis and its Applications, plenary, Konya, Turkey, 2013; 
Invariant Subspaces of the Shift Operator, plenary lecture 
and minicourse, Centre de Recherches Mathématiques, 
2013; Great Plains Operator Theory Symposium, plenary, 
Kansas State University, 2014; International Workshop on 
Operator Theory and Applications, plenary, Washington 
University, 2016.
Additional Information: Four NSF research grants as PI, 
2006–2010, 2010–2014, 2013–2016, 2018–present; AIM 
Human Resources board, 2008–present; Involve editorial 
board, 2011–present; Annals of Functional Analysis editorial 
board, 2013–present; Research Experiences for Undergrad-
uate Faculty (REUF) advisory board, 2014–present; College 
Mathematics Journal editor search committee, 2016–2017; 
MAA Halmos–Ford Awards Committee, 2016–present; 
American Mathematical Monthly editorial board, 2017–

present; MAA Invited Address Committee for the 2020 
JMM, 2018–present; AMS Dolciani Prize for Excellence 
in Research, 2019; Fellow of the AMS, 2019. Five teaching 
awards: Pomona College, UC Santa Barbara 2x, UC Berke-
ley 2x, article in The Best Writing on Mathematics, 2016 
(Princeton), Erdős number: 2.
Selected Publications: 1. with M. Putinar, Complex sym-
metric operators and applications, Trans. Amer. Math. Soc., 
358 (2006), 1285–1315. MR2187654 (2006j:47036); 2. 
with M. Putinar, Complex symmetric operators and appli-
cations II, Trans. Amer. Math. Soc., 35 (2007), no. 8, 3913–
3931. MR2302518 (2008b:47005); 3. with W. Wogen, 
Some new classes of complex symmetric operators, Trans. 
Amer. Math. Soc., 362 (2010), 6065–6077 MR2661508 
(2011g:47086); 4. with T. Hyde, B. Lutz, Gauss’ hidden me-
nagerie: from cyclotomy to supercharacters, Notices Amer. 
Math. Soc., 62 (2015), no. 8, 878–888. MR3379072; 5. 
with I. Chalendar, W. T. Ross and D. Timotin, An extremal 
problem for characteristic functions, Trans. Amer. Math. Soc., 
368 (2016), no. 6, 4115–4135. MR3453366.
Statement by Candidate: I am honored to be nominated 
for the position of AMS Council Member at Large. These are 
challenging times, in which facts and figures are routinely 
ignored by pundits and policy makers alike. The AMS must 
continue to nurture and disseminate the high-quality re-
search and scholarship that it supports, while also playing 
a central role in the public perception of mathematics and 
in the development of a numerically-literate population. 
We should also recognize that mathematics often excludes 
members of historically underrepresented groups, to the 
detriment the subject and society as a whole. The AMS has 
a responsibility to ensure that mathematics, which serves 
as a critical gateway to careers in related disciplines, is open 
and accessible to everyone. I currently serve on two AMS 
editorial boards (Proceedings and Notices) and I hope to 
have the opportunity to help further the Society's mission 
of supporting and disseminating mathematical research 
while cultivating the next generation of scholars..

Member at Large 
of the Council
Dan Margalit
Professor, Georgia Institute of Tech-
nology.
PhD: University of Chicago, 2003.
Selected Addresses: Brandeis–Har-
vard–MIT–Northeastern Collo-
quium, 2008; Invited Address, South-
eastern Section, AMS, 2015; Helen 
Barton Lecture Series, UNC Greens-

boro, 2016; Colloquium, UC Berkeley, 2016; Colloquium, 
Michigan, 2018.
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Additional Information: Editor, Advances in Math. and Al-
gebraic & Geometric Topology; NSF Postdoctoral Fellowship, 
2004; Alfred P. Sloan Foundation Research Fellowship, 
2009; NSF Career Award, 2010; Simons Fellowship, 2016; 
Fellow, AMS, 2019.
Selected Publications: 1. with T. Brendle and A. Putman, 
Generators for the hyperelliptic Torelli group and the kernel 
of the Burau representation at t = − 1, Invent. Math., 200 
(2015), no. 1, 263–310. MR3323579; 2. with M. Bestvina, 
K.U. Bux, Dimension of the Torelli group for Out(Fn), 
Invent. Math., 170 (2007), no. 1, 1–32. MR2336078 
(2008k:57029); 3. with M. Bestvina and K.U. Bux, The 
dimension of the Torelli group, J. Amer. Math. Soc., 23 
(2010), no. 1, 61–105. MR2552249 (2011b:20109); 4. with 
T. Brendle, The level four braid group, J. Reine Angew. Math., 
735 (2018), 249–264. MR3757477; 5. Automorphisms 
of the pants complex, Duke Math. J., 121 (2004), no. 3, 
457–479. MR2040283 (2004m:57037).
Statement by Candidate: I am honored to be nominated 
for election as a Member at Large of the AMS Council. 
Among the many challenges currently facing our pro-
fession, I am particularly passionate about those related 
to diversity, communication, and outreach. In an age of 
growing distrust for science and scientists, it is vital for 
mathematicians to effectively communicate with policy 
makers, with the public, and with each other. Also, while 
we have made strides with respect to diversity, equity, and 
inclusion, we still have a long way to go. Throughout my 
career, I have worked to make a positive impact. I run a 
biennial conference, the Topology Students Workshop, 
which has a strong emphasis on communication and in-
clusion. I have organized many research conferences; usu-
ally, half the speakers are from underrepresented groups. I 
have mentored many undergraduate projects, mostly with 
students from underrepresented groups. I have written 
three introductory textbooks. I have participated in various 
outreach activities, such as science nights, a podcast, and 
stand-up comedy at the Atlanta Science Festival. If elected, 
I will work to support the AMS in its efforts to promote the 
profession and support mathematics research, education, 
awareness, and outreach.

Member at Large 
of the Council
Helen Moore
Principal Scientist, AstraZeneca.
PhD: Stony Brook University, 1995.
AMS Committees: Committee on the 
Profession, 2003–2006.
Selected Addresses: Invited Speaker, 
SACNAS National Conference Math-
ematics Section, San Jose, California, 
2011; Invited Speaker, JMM, Special 

Session, San Diego, California, 2013; Invited Speaker, 

American Conference on Pharmacometrics, Bellevue, 
Washington, 2016; Invited Speaker, Rosa’s “Impact” We-
binar Series, 2016; Plenary Speaker, Teaching Contempo-
rary Mathematics, North Carolina School of Science and 
Mathematics, 2018.
Additional Information: Principal Investigator NSF Re-
search Grant, 1999; Stanford University Math Department 
Teaching Award, 2001; NCC-AWIS Judith Pool Award for 
Scientific Achievement and Mentoring, 2009; Fellow, SIAM, 
2018. Member: Association for Women in Mathematics; 
National Association of Mathematicians; Society for Indus-
trial and Applied Mathematics; Association for Women in 
Science; International Society of Pharmacometrics; Society 
for Mathematical Biology.
Selected Publications: 1. Minimal submanifolds with fi-
nite total scalar curvature, Indiana Univ. Math. J., 45 (1996), 
no. 4, 1021–1043. MR1444477 (98e:58053); 2. with S. 
Rajaraman, J. Choi, P. Cheung, D. Gilison, L. Hau and S. 
E. Artandi, Telomere uncapping in progenitor cells with 
critical telomere shortening is coupled to S-phase progres-
sion in vivo, Proceedings of the National Academy of Sciences, 
104, (2007), no. 45, 17747–17752. 3. with L. Strauss and 
U. Ledzewicz, Optimization of combination therapy for 
chronic myeloid leukemia with dosing constraints, J. Math. 
Biol., 77 (2018), no. 5, 1533–1561. MR3861314; 4. with J. 
Gallaher, K. Larripa, M. Renardy, B. Shtylla, N. Tania, D. 
White, K. Wood, L. Zhu, C. Passey, M. Robbins, N. Bezman, 
S. Shelat and H. J. Cho, Methods for determining key 
components in a mathematical model for tumor–immune 
dynamics in multiple myeloma, J. Theoret. Biol., 458 (2018), 
31–46. MR3862155; 5. How to mathematically optimize 
drug regimens using optimal control, Journal of Pharmaco-
kinetics and Pharmacodynamics, 45 (2018), 127.
Statement by Candidate: The AMS serves its members and 
the greater community through conferences, publications, 
advocacy, and funding. We are fortunate to have such a 
strong organization and position in these activities. How do 
we maintain these strengths? How do we grow stronger and 
tap into different future opportunities? How do we nurture 
diverse talent? How do we ensure all of our members have 
the opportunity to do their best work, providing additional 
benefit to our field? These are important issues that require 
us to raise our own awareness and advance solutions that 
are supported by the data.

Having spent more than half my career in industry, I am 
also focused on increasing connections between academia 
and industry. Becoming a mathematician in industry is a 
viable career option for students with computational and 
collaborative skills. There is also benefit to industry from 
tapping into the depth and rigor of PhD-level mathematics 
training. How do we better prepare students for industry 
careers, and help them find such positions? How do we 
best make the case to those industries that could benefit 
from hiring mathematicians? There are steps we can take as 

C
ou

rt
es

y 
of

 H
el

en
 M

oo
re

http://www.ams.org/mathscinet-getitem?mr=3323579
http://www.ams.org/mathscinet-getitem?mr=2336078
http://www.ams.org/mathscinet-getitem?mr=2552249
http://www.ams.org/mathscinet-getitem?mr=3757477
http://www.ams.org/mathscinet-getitem?mr=2040283
http://www.ams.org/mathscinet-getitem?mr=1444477
3861314
http://www.ams.org/mathscinet-getitem?mr=3862155
cav
Rectangle

cav
Rectangle

cav
Rectangle

cav
Rectangle

cav
Rectangle

cav
Rectangle

cav
Rectangle

cav
Rectangle



Election Special Section

FROM THE AMS SECRETARY

september 2019  Notices of the AmericAN mAthemAticAl society   1255

a Society to foster connections to help current and future 
students and researchers.

Member at Large 
of the Council
Rosa C. Orellana
Professor, Dartmouth College.
PhD: UCSD, 1999.
AMS Committees: Editorial Com-
mittee for the Students Mathematical 
Library, 2018–2022.
Selected Addresses: Invited Speaker, 
ICERM Blackwell–Tapia Conference, 
Providence, 2018; Women Doing 

Math Colloquium, Texas State University, San Marcos, 
2018; AMS Western Fall Meeting, Special Session on 
Combinatorial and Categorical Aspects of Representation 
Theory, San Francisco, 2018; Plenary speaker, SIDIM Puerto 
Rico, 2018; AMS Special Session on Latinx in Math, JMM, 
Baltimore, 2019; Invited Speaker, CAAC, Ottawa, Canada, 
2019.
Additional Information: John M. Manley Huntington 
Memorial Award for research, teaching and mentoring at 
Dartmouth College, 2006; MSRI research member, 2008; 
Organizer, Sonia Kovalevsky Mathematics Day for middle 
and high school girls, 2011–present; Visiting Scholar, Insti-
tuto de Matemáticas de la Universidad de Sevilla (IMUS) 
Universidad de Sevilla, Seville, Spain, 2013; Research 
Director, MSRI-UP REU, 2013; Co-organizer of Algebraic 
Combinatorixx 2, Banff, 2017.
Selected Publications: 1. with E. Briand and M. Rosas, 
The stability of the Kronecker product of Schur functions, 
J. Algebra, 331 (2011), 11–27. MR2774644 (2012e:05405); 
2. with G. Scott, Graphs with equal chromatic symmetric 
functions, Discrete Math., 320 (2014), 1–14. MR3147202; 3. 
with C. Bowman and M. De Visscher, The partition algebra 
and the Kronecker coefficients, Trans. Amer. Math. Soc., 367 
(2015), no. 5, 3647–3667. MR3314819; 4. with G. Benkart, 
L. Colmenarejo, P. Harris, G. Panova, A. Schilling and M. 
Yip, A minimaj-preserving crystal on ordered multiset parti-
tions, Adv. in Appl. Math., 95 (2018), 96–115. MR3759213; 
5. with M. Zabrocki, Products of symmetric group charac-
ters, J. Combin. Theory Ser. A, 165, (2019), 299–324. DOI: 
https://doi.org/10.1016/j.jcta.2019.02.019.
Statement by Candidate: I am honored to be nominated 
for election as a Member at Large of the AMS Council. I 
am a member of the AMS because I deeply believe in its 
mission of promoting mathematical research, supporting 
mathematical education, encouraging the participation 
of all individuals, and fostering appreciation for and con-
nections to other disciplines. Throughout my career I have 
organized many conferences to help promote research, with 
special care to include a diverse participation. To foster ap-
preciation for mathematics and encourage young students, 

I have supervised many REU students at Dartmouth and 
MSRI. In addition, every year I organize the Sonia Kovalev-
sky Mathematics Day at Dartmouth to encourage school-
aged girls to study mathematics and I have organized a 
math circle for elementary school children. I have also 
served as a mentor through the Association for Women in 
Mathematics. I feel that I am at a point in my career where 
I can contribute more to further the mission of the AMS. 
If elected, I will work hard to continue the mission of the 
AMS, in particular, promoting mathematics to the public at 
large and furthering the interests of mathematical research, 
scholarship, and education.

Member at Large 
of the Council
Seth Sullivant
Distinguished Professor of Mathe-
matics, North Carolina State Uni-
versity.
PhD: University of California, Berke-
ley, 2005.
AMS Committees: AMS Mathemat-
ics Research Communities Advi-
sory Board, 2014–2017; AMS Short 

Course Committee, 2015–2018; AMS Liaison Committee 
to AAAS, 2019–2021.
Selected Addresses: Invited Address, AMS Southeast Sec-
tional Meeting, Winston-Salem, NC, 2011; MAA Invited 
Address, JMM, Boston, MA, 2012; Invited Address, Effective 
Methods in Algebraic Geometry (MEGA), Frankfurt, Ger-
many, 2013; Short Course, Mathematical Society of Japan, 
Seasonal Institute, 2015; Algebraic and Combinatorial 
Methods in Phylogenetics, Barcelona, Spain, 2017.
Additional Information: Packard Foundation Fellowship 
in Science and Engineering, 2009; NSF CAREER Award, 
2010; Present Associate Editor Journal of Algebra, 2010–
present; Fellow of the AMS, 2012; NCSU University Faculty 
Scholar, 2013; Associate Editor SIAM Journal on Applied 
Algebra and Geometry, 2016–present; Winner NCSU Math 
Department Cookie Baking Contest, 2017.
Selected Publications: 1. with B. Sturmfels, Toric ideals 
of phylogenetic invariants, J. Comput. Biol., 12 (2005) 
204–228; 2. with K. Talaska and J. Draisma, Trek separation 
for Gaussian graphical models, Ann. Statist., 38 (2010), no. 
3, 1665–1685. MR2662356 (2011f:62076); 3. with C. J. 
Hillar, Finite Gröbner bases in infinite dimensional poly-
nomial rings and applications, Adv. Math., 229 (2012), no. 
1, 1–25. MR2854168 (2012k:16056); 4. with J. A. Rhodes, 
Identifiability of large phylogenetic mixture models, Bull. 
Math. Biol., 74 (2012), no. 1, 212–231. MR2877216; 5. 
Algebraic statistics, Graduate Studies in Mathematics, 194, 
AMS, Providence, RI, 2018. MR3838364.
Statement by Candidate: It is an honor to be nominated 
for election to the AMS Council. If elected, I will work 
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to support the AMS’ mission to: promote mathematical 
research; disseminate the work of mathematicians both 
inside and outside the mathematical community; support 
mathematics education at all levels; facilitate full participa-
tion of a diverse population in the mathematics profession; 
and foster appreciation of mathematics and its connections 
to applications and everyday life.

Member at Large 
of the Council
Dylan P. Thurston
Professor, Indiana University, Bloom-
ington.
PhD: UC Berkeley, 2000.
AMS Committees: Committee on the 
Human Rights of Mathematicians, 
2019.
Selected Addresses: Rubber Bands, 
Square Tilings, and Rational Maps, 

AMS Invited Address, University of Wisconsin,  Eau Claire, 
2014; Rubber Bands and Rational Maps, First annual Thur-
ston Lectures in memory of William Thurston, UC Davis, 
2017; Bordered Heegaard Floer Homology, Lecture course, 
Oporto Meetings on Geometry, Topology, and Physics, 
XIXth Meeting, Faro, Portugal.
Additional Information: Member, Association for Women 
in Mathematics, 2014–present; Fellow, American Mathe-
matical Society, 2017.
Selected Publications: 1. with N. Dunfield, A random 
tunnel number one 3-manifold does not fiber over the 
circle, Geom. Topol., 10 (2006), 2431–2499. MR2284062 
(2007k:57033); 2. with C. Manolescu, P. Ozsváth, and 
Z. Szabó, On combinatorial link Floer homology, Geom. 
Topol., 11 (2007), 2339–2412. MR2372850 (2009c:57053); 
3. with S. Fomin and M. Shapiro, Cluster algebras and 
triangulated surfaces. I. Cluster complexes, Acta Math., 
201 (2008), no. 1, 83–146. MR2448067 (2010b:57032); 
4. From rubber bands to rational maps: a research report, 
Res. Math. Sci., 3 (2016), no. 15, 49 pp. MR3500499; 5. 
with R. Lipshitz and P. Ozsváth, Bordered Heegaard Floer 
homology, Mem. Amer. Math. Soc., 254 (2018), no. 1216. 
MR3827056.
Statement by Candidate: I am honored to be nominated 
for Member at Large of the Council. The profession has a 
number of challenges facing it, ranging from academia-wide 
problems like the growth of adjunct and other provisional 
jobs to continuing lack of diversity. I will work to address 
these problems, while preserving the joy of discovery that 
is at the core of mathematical research and teaching. I will 
consult with the community to seek input from a wide 
range of voices. Throughout my career, I have worked to 
help people reach their mathematical potential through a 
variety of activities at many levels, and I will continue that 
work on the committee.

Member at Large 
of the Council
Maggy Tomova
Professor and Chair, The University 
of Iowa.
PhD: University of California, Santa 
Barbara, 2008.
AMS Committees: AMS representa-
tive, Joint Committee on Women in 
the Mathematical Sciences, 2016–
2019.

Selected Addresses: AMS Sectional Meeting, Fullerton, 
2015; Midwest Women in Mathematics Symposium, 2015; 
Georgia Topology Conference, University of Georgia, 2016.
Additional Information: NSF CAREER Award, 2011.
Selected Publications: 1. with M. Scharlemann, Alternate 
Heegaard genus bounds distance, Geom. Topol., 10 (2006), 
593–617. MR2224466 (2007b:57040); 2. Thin position for 
knots in a 3-manifold, J. Lond. Math. Soc. (2) 80 (2009), no. 
1, 85–98. MR2520379 (2010g:57007); 3. with J. Johnson, 
Flipping bridge surfaces and bounds on the stable bridge 
number, Algebr. Geom. Topol., 11 (2011), no. 4, 1987–2005. 
MR2826930 (2012k:57031); 4. with R. Blair, M. Campisi, 
J. Johnson, and S. Taylor, Exceptional and cosmetic surger-
ies on knots, Math. Ann., 367 (2017), no. 1–2, 581–622. 
MR3606449; 5. with S. Taylor, Additive invariants for knots, 
links and graphs in 3-manifolds, Geom. Topol., 22 (2018), 
no. 6, 3235–3286. MR3858764.
Statement by Candidate: I am honored to be nominated 
for the position of Member at Large of the AMS Council. 
Mathematicians are trained in solving difficult problems 
and explaining their solutions using logical arguments and 
appropriate evidence. Almost any person can learn this skill 
set with enough practice—people of any gender and race, 
people with learning differences, and adults retooling for 
a new career. This is a highly marketable skill set that we, 
as a professional community, can do a much better job of 
promoting. A small number of mathematicians are needed 
in academia to train future mathematicians, but industry 
has an almost unlimited need for people with this skill 
set. As chair of the math department at the University of 
Iowa, I have been working both on making mathematics 
more welcoming to people of different backgrounds and on 
ensuring that we are preparing the newest members of our 
community for successful and fulfilling careers both inside 
and outside of academia. As a Member at Large, I would 
have an opportunity to collaborate with others to support 
such work at a national level. I would be very grateful for 
such an opportunity.
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Member at Large 
of the Council
Bianca Viray
Associate Professor, University of 
Washington.
PhD: University of California, Berke-
ley 2010.
AMS Committees: AMS-Simons 
Travel Grants Committee, 2018–
2021.
Selected Addresses: Invited Lecture 

Series, Arizona Winter School on Arithmetic and High-
er-Dimensional Varieties, Tucson, AZ, 2015; Invited Ad-
dress, AMS Spring Western Sectional Meeting, Las Vegas, 
NV, 2015; Plenary Speaker, Twelfth Algorithmic Number 
Theory Symposium, Kaiserslautern, Germany, 2016; Ple-
nary Speaker, SIAM conference on Applied Algebraic 
Geometry, Atlanta, GA, 2017; Plenary Speaker, Arithmetic, 
Geometry, Cryptography, and Coding Theory, Marseille, 
France, 2019.
Additional Information: Ford Foundation Dissertation Fel-
lowship, 2009; NSF Postdoctoral Fellowship, 2010–2014; 
Board of directors, Girls’ Angle, 2012–present; Western 
Algebraic Geometry Symposium (WAGS) Council and 
Diversity Committee, 2015–present; Women in Numbers 
(WIN) Steering Committee, 2015–present; NSF CAREER 
Award, 2016; Visiting Erskine Fellow, University of Canter-
bury, 2017; Editor, Research in Number Theory, 2018–present; 
Series editor, Algorithms and Computation in Mathematics, 
2018–present.
Selected Publications: 1. with B. Creutz, On Brauer groups 
of double covers of ruled surfaces, Math. Ann., 362 (2015), 
no. 3–4, 1169–1200. MR3368096; 2. with K. Lauter, An 
arithmetic intersection formula for denominators of Igusa 
class polynomials, Amer. J. Math., 137 (2015), no. 2, 497–
533. MR3337802; 3. with F. Balestrieri, J. Berg, M. Manes, 
and J. Park, Insufficiency of the Brauer–Manin obstruction for 
rational points on Enriques surfaces, Directions in number the-
ory, 1–31, Assoc. Women Math. Ser., 3, Springer, [Cham], 
2016. MR3596575; 4. with A. Várilly-Alvarado, Abelian 
n-division fields of elliptic curves and Brauer groups of 
product Kummer & Abelian surfaces, Forum Math. Sigma, 5 
(2017), e26, 42 pp. MR3731278; 5. with B. Creutz, Degree 
and the Brauer–Manin obstruction, Algebra Number Theory, 
12 (2018), no. 10, 2445–2470. MR3911136.
Statement by Candidate: It is an honor to be considered for 
the AMS Council. In this critical time for higher education 
and scientific literacy, the AMS’ substantial role in sup-
porting and advancing mathematics and the mathematical 
community is of utmost importance. Through my personal 
efforts and roles within various organizations (e.g., Girls’ 
Angle, the Women in Numbers Steering Committee, and 
the Western Algebraic Geometry Symposium Council), I 
have worked to advance the AMS mission, in particular 

promoting mathematical research and mathematical com-
munication, making mathematics a welcoming place for 
people from all backgrounds, and fostering an appreciation 
for mathematics. I welcome the opportunity to serve the 
AMS in further pursuit of these goals.

Member at Large 
of the Council
Guoliang Yu
Powell Chair in Mathematics and 
University Distinguished Professor, 
Texas A&M University.
PhD: State University of New York at 
Stony Brook, 1991.
AMS Committees: Centennial Fel-
lowships Committee, 2012–2014.
Selected Addresses: Plenary Speaker, 

AMS Eastern Sectional Meeting, Providence, 1999; In-
vited Address, International Congress of Mathematicians, 
Madrid, 2006; Plenary Speaker, Geometry Festival, 2007, 
Maryland; Plenary Speaker, The Riemann Conference, 
2016, Muenster; Lecture Series, Young Mathematicians in 
C*-Algebras, Copenhagen, 2017.
Additional Information: PI, NSF Research Training Group 
in Noncommutative Geometry, 2004–2009; Editor, Journal 
of Noncommutative Geometry, 2007–present; Editor, Journal 
of K-Theory, 2008–2014; Managing Editor, Journal of Topology 
and Analysis, 2010–present; Associate Editor, Kyoto Journal 
of Mathematics, 2010–present; Inaugural Fellow, AMS, 
2012; Organizer of over sixty conferences and workshops; 
Organizer, Texas A&M Math Circle, 2012–present; Coach, 
Math Club for Middle School and High School Students, 
2012–present; Elected Member, Board of Trustees, K-The-
ory Foundation, 2015–present; Editor, Annals of K-theory, 
2015–present; Chair, K-Theory Prize Committee, 2018; 
Simons Fellow in Mathematics, 2019.
Selected Publications: 1. The Novikov conjecture for 
groups with finite asymptotic dimension, Ann. of Math., (2) 
147 (1998), no. 2, 325–355. MR1626745 (99k:57072); 2. 
The coarse Baum-Connes conjecture for spaces which admit 
a uniform embedding into Hilbert space, Invent. Math., 
139 (2000), no. 1, 201–240. MR1728880 (2000j:19005); 
3. with I. Mineyev, The Baum-Connes conjecture for hy-
perbolic groups, Invent. Math., 149 (2002), no. 1, 97–122. 
MR1914618 (2003f:20072); 4. with E. Guentner and R. 
Tessera, A notion of geometric complexity and its applica-
tion to topological rigidity, Invent. Math., 189 (2012), no. 
2, 315–357. MR2947546; 5. with S. Weinberger, Finite part 
of operator K-theory for groups finitely embeddable into 
Hilbert space and the degree of nonrigidity of manifolds. 
Geom. Topol., 19 (2015), no. 5, 2767–2799. MR3416114.
Statement by Candidate: It is a great honor to be nom-
inated for the position of Member at Large of the AMS 
Council. If elected, I will work with the AMS to lobby for 
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more funding opportunities for mathematicians in general. 
One of my key focuses will be on promoting the careers 
of young mathematicians, in particular finding ways in 
which the AMS can further facilitate job opportunities for 
young mathematicians looking to work in industry. I will 
advocate for active AMS involvement in outreach activities 
to students in public schools. Having worked for several 
years with the Math Circle and volunteered in local pub-
lic schools, I feel strongly that mathematics education in 
public schools is currently facing a crisis. As a Member at 
Large, I will work with the AMS to develop strategies aimed 
at helping public schools around the country improve 
mathematics education for the next generation.

Nominating Committee
Kristin E. Lauter
Principal Researcher, Research Man-
ager, Microsoft Research.
PhD: University of Chicago, 1996.
AMS Offices: AMS Council Member, 
2014–2017; Fellow, American Math-
ematical Society, 2015.
AMS Committees: Committee on 
Science Policy, 2014–2016; Com-
mittee on the Profession, 2016–2017

Selected Addresses: Invited Address, AMS Fall Western 
Sectional Meeting, San Francisco, 2000; Invited Address, 
SIAM Annual Meeting, 2012; AMS-MAA Invited Address, 
JMM, Seattle, 2016; Pólya Lecture, EPaDel Mathematical 
Association of America, 2018; Invited Plenary Speaker, 
International Congress on Industrial and Applied Mathe-
matics (ICIAM), Valencia Spain, 2019.
Additional Information: Selfridge Prize in Number 
Theory, 2008; Scientific Advisory Board for BIRS, Banff 
International Research Station, 2013–2015; International 
Mathematical Union (IMU), member of Committee for 
Women in Mathematics, 2014–2018; Executive Committee 
member, Conference Board of the Mathematical Sciences 
(CBMS), 2015–2017; President, Association for Women in 
Mathematics, 2015–2017; Fellow, Association for Women 
in Mathematics, 2017; US Delegate to the International 
Mathematical Union General Assembly, 2018; Pólya 
Lectureship of the Mathematical Association of America, 
2018–2020; Affiliate Professor, University of Washington; 
Board of Trustees, Mathematical Sciences Research Institute, 
2018–2022.
Selected Publications: 1. Geometric methods for improv-
ing the upper bounds on the number of rational points 
on algebraic curves over finite fields, J. Algebraic Geom., 
10 (2001) no. 1, 19–36. With an appendix by J.-P. Serre. 
MR1795548 (2001j:11047); 2. The maximum or minimum 
number of rational points on genus three curves over finite 
fields, Compositio Math., 134 (2002), no. 1, 87–111. With an 
appendix by Jean-Pierre Serre. MR1931964 (2003i:14025); 

3. with E. Howe, Improved upper bounds for the number 
of points on curves over finite fields, Ann. Inst. Fourier 
(Grenoble), 53 (2003), no. 6, 1677–1737. MR2038778 
(2005c:11079); 4. with Eyal Goren, Class invariants for 
quartic CM fields, Ann. Inst. Fourier (Grenoble), 57 (2007), 
no. 2, 457–480. MR2310947 (2008i:11075); 5. with B. 
Viray, An arithmetic intersection formula for denominators 
of Igusa class polynomials, Amer. J. Math, 137 (2015), no. 
2, 497–533. MR3337802.
Statement by Candidate: It would be an honor to serve on 
the Nominating Committee of the AMS. I have committed 
a substantial amount of my professional time and effort 
toward increasing diversity of all kinds in the mathematical 
profession. I hope I could bring my ideas, experience, and 
connections to help with recruiting the next crop of leaders 
for the AMS. I have been involved with the AMS through-
out my whole professional career, giving talks, organizing 
special sessions, serving on the AMS Council, publishing 
in the journals and proceedings series, and now as a Fellow 
of the AMS. I feel I know the Society from both sides: as 
a member and as a volunteer in the leadership. I have the 
best interests of the Society and the profession at heart, 
and I hope you will trust me to serve on this important 
committee.

Nominating Committee
Robert Pego
Professor of Mathematical Sciences, 
Carnegie Mellon University.
PhD: University of California, Berke-
ley, 1982.
Selected Addresses: North British 
Differential Equations Seminar Tour, 
November, 2008; Plenary Speaker, 
The Mathematical Society of Japan 
Seasonal Institute, Kyushu Univer-

sity, 2011; Plenary Speaker, Midwest PDE Seminar, Cin-
cinnati, OH, 2016; Lipschitz Lectures, Hausdorff Center 
for Mathematics, Bonn, 2017; Plenary Speaker, SIAM 
Conference on Mathematical Aspects of Materials Science, 
Portland, OR, 2018.
Additional Information: Acting Director, Applied Mathe-
matics Program, The University of Maryland, College Park, 
1999–2001; Scientific advisory boards: ICERM, 2010–2015; 
Chair, SIAG on Analysis of PDEs, 2011–2012; Fellow, AMS, 
2016; Inaugural SIAM Fellow; Simons Fellow, 2016; Centre 
de Recherches Mathématiques, Montreal, 2016–present. 
Editorial boards: SIAM Journal on Applied Mathematics, 
1991–1995; SIAM Journal on Mathematical Analysis, 2001–
present (Editor-in-Chief, 2007–2012); Applied Mathemat-
ics Research Express, 2003–2015; Applied Mathematical 
Sciences (Springer book series), 2013–present.
Selected Publications: 1. with J. Carr, Metastable patterns 
in solutions of ut = ε2 uxx+f(u), Comm. Pure Appl. Math., 

C
ou

rt
es

y 
of

 K
ri

st
in

 E
. L

au
te

r

C
ou

rt
es

y 
of

 C
ar

n
eg

ie
 M

el
lo

n
 U

n
iv

er
si

ty

http://www.ams.org/mathscinet-getitem?mr=1795548
http://www.ams.org/mathscinet-getitem?mr=1931964
http://www.ams.org/mathscinet-getitem?mr=2038778
http://www.ams.org/mathscinet-getitem?mr=2310947
http://www.ams.org/mathscinet-getitem?mr=3337802
cav
Rectangle

cav
Rectangle

cav
Rectangle

cav
Rectangle

cav
Rectangle



Election Special Section

FROM THE AMS SECRETARY

september 2019  Notices of the AmericAN mAthemAticAl society   1259

Mathematical Society’s (CMS) CMS Executive Committee, 
2017–2021; CMS Board of Directors, 2017–2021; Inaugural 
Fellow, CMS, 2018; Scientific co-director, CMS national 
winter meeting, Vancouver, 2018; Wall Scholar, Peter Wall 
Institute of Advanced Study, 2018–2019; Featured in Cour-
age and Passion: Canadian Women in Natural Sciences, an 
exhibition at the Canadian Museum of Nature, Ottawa, 
2018–2019; Simons Fellow, 2019–2020. Editor: Canadian 
Journal of Mathematics and Canadian Mathematical Bulletin, 
2019–present; Proceedings of the Edinburgh Mathematical 
Society, 2012–present.
Selected Publications: 1. with A. Nagel, Maximal averages 
over linear and monomial polyhedral, Duke Math. J., 149 
(2009), no. 2, 209–277. MR2541704 (2010j:42043); 2. 
with I. Laba, Maximal operators and differentiation theo-
rems for sparse sets, Duke Math. J., 158 (2011), no. 3, 347–
411. MR2805064 (2012f:42035); 3. with T. Collins and A. 
Greenleaf, A multi-dimensional resolution of singularities 
with applications to analysis, Amer. J. Math., 135 (2013), 
no. 5, 1179–1252. MR3117305; 4. with B. Cook and A. 
Magyar, A Roth-type theorem for dense subsets of Rd, Bull. 
Lond. Math. Soc., 49 (2017), no. 4, 676–689. MR3725488; 
5. with R. Fraser, Large sets avoiding patterns, Anal. PDE, 
11 (2018), no. 5, 1083–1111. MR3785600.
Statement by Candidate: The AMS is one of the world's 
leading organizations dedicated to mathematics research 
and scholarship, serving the mathematical community 
through a range of initiatives such as funding, career op-
portunities (MathJobs.Org), publishing (AMS journals, 
MathSciNet®), research, education, dissemination and 
outreach. The nominating committee serves the important 
role of identifying potential office-bearers, for the various 
positions within the AMS, who facilitate the operations of 
this organization. My experience in various CMS roles over 
the past several years has helped me appreciate the need for 
a diversity of viewpoints and backgrounds in any organiza-
tion. In addition to my own research and teaching activities, 
I am actively involved in outreach efforts that advocate the 
promotion and retention of under-represented minorities 
in our discipline. If elected, I will encourage inclusivity and 
diversity in the vetting of candidates, aiming to generate a 
diverse pool of outstanding potential leaders of the AMS 
who mirror the many facets of mathematics.

Nominating Committee
Prasad Tetali
Regents’ Professor, Georgia Institute 
of Technology.
PhD: Courant Institute of Mathemat-
ical Sciences, NYU, 1991.
Selected Addresses: Plenary Lecture, 
International Workshop on Applied 
Probability, Athens, Greece, 2004; 
Plenary Lecture, AMS Southeast Re-

42 (1989), 523–576. MR0997567 (90f:35091); 2. with 
G. Menon, Approach to self-similarity in Smoluchowski’s 
coagulation equations, Comm. Pure Appl. Math., 57 (2004), 
1197–1232. MR2059679 (2005i:82051); 3. with S.-M. 
Sun, Asymptotic linear stability of solitary water waves, 
Arch. Ration. Mech. Anal., 222 (2016), no. 3, 1161–1216. 
MR3544325; 4. with P. Degond and J.-G. Liu, Coagula-
tion–fragmentation model for animal group-size statistics, 
J. Nonlinear Sci., 27 (2017), no. 2, 379–424. MR3614760; 5. 
with G. Iyer and N. Leger, Limit theorems for Smoluchowski 
dynamics associated with critical continuous-state branch-
ing processes, Ann. Appl. Probab., 25 (2015), no. 2, 675–713. 
MR3313753.
Statement by Candidate: I feel honored to be considered 
for the AMS Nominating Committee. I have long believed 
in the importance of the AMS both for enhancing our 
professional community and activities and for its role in-
terfacing with public policy and society at large. If elected, 
I will work to apply my experience toward casting a wide 
net in order to identify excellent candidates capable of 
contributing to the mission of the AMS from a wide range 
of perspectives.

Nominating Committee
Malabika Pramanik
Professor of Mathematics, University 
of British Columbia, Vancouver.
PhD: University of California, Berke-
ley, 2001.
Selected Addresses: Plenary Speaker: 
International Conference on Natural 
Science, Mathematics, and Education,  
Korea Institute of Science and Tech-
nology, Daejeon, Korea, 2015; Inter-

national Workshop on Operator Theory and Applications 
(IWOTA), Washington University at St. Louis, Missouri, 
2016; Plenary Speaker: WIMSIG Conference: Celebration 
of Women in Australian Mathematical Sciences, Australian 
Mathematical Society, Adelaide, Australia, 2017; Plenary 
Speaker: ICM Satellite Conference in Harmonic Analysis, 
Rio Grande do Sul, Brazil, 2018; Geometric Aspects of 
Harmonic Analysis (GAHA), invited address, Cortona, 
Italy, 2018.
Additional Information: UBC Killam Teaching Prize, 
2011; Member, Editorial Board, Transactions of the AMS and 
Memoirs of the AMS, 2011–2019; Canadian Mathematical 
Society’s (CMS) Doctoral Prize Committee, 2012–2013; 
CMS Committee on Women in Mathematics, 2012–2014; 
Adjunct faculty, Centre for Applicable Mathematics, Tata 
Institute of Fundamental Research, Bangalore, India, 
2014–2017; Ruth I. Michler Memorial prize, AWM and 
Cornell University, 2015; Canadian Mathematical Society 
Krieger–Nelson prize, 2016; UBC Killam Faculty Research 
Prize, 2017; Vice President for the Pacific region, Canadian 
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Nominating Committee
Tatiana Toro
Craig McKibben & Sarah Merner 
Professor in Mathematics, University 
of Washington.
PhD: Stanford University, 1992.
AMS Committees: Member at Large 
of the AMS Council, 1999–2001; 
Member, Western Section Program 
Committee, AMS, 2000–2002; Mem-
ber, AMS Centennial Fellowship 

Committee, 2004–2006; Member, Program Committee 
for National Meeting, 2015–2018 (Chair, 2016–2017); 
Member, AMS Editorial Boards Committee, 2016–2019.
Selected Addresses: Invited speaker, Analysis session, ICM, 
Hyderabad, India, 2010; Invited one hour address, JMM, 
New Orleans, Louisiana, 2011; NAM Claytor–Woodard Lec-
ture, JMM, Seattle, Washington, 2016; 23rd Rolf Nevanlinna 
Colloquium, ETH, Zurich, 2017; Memorial José Luis Rubio 
de Francia, Madrid, Spain, 2018.
Additional Information: National Science Foundation 
Mathematical Sciences Postdoctoral Research Fellow-
ship, 1994–1998; Alfred P. Sloan Research Fellowship, 
1996–2000; Simons Foundation Fellowship, 2012–2013; 
Guggenheim Foundation Fellowship, 2015–2016; Fellow of 
the AMS, 2016; Miembro Correspondiente de la Academia 
Colombiana de Ciencias Exactas, Físicas y Naturales, 2017; 
Simons Foundation Fellowship, 2019–2020. Member: 
IPAM Board of Trustees, 2009–present; Pacific Institute 
for the Mathematical Sciences (PIMS), Board of Directors, 
2016–present; MSRI Scientific Advisory Board, 2016–pres-
ent. Co-organizer, Latinx in the Mathematical Sciences 
Conference—IPAM, 2015 and 2018.
Selected Publications: 1. with C. Kenig and D. Preiss, 
Boundary Structure and size in terms of interior and exterior 
harmonic measures in higher dimensions, J. Amer. Math. 
Soc., 22 (2009), 771–796. MR2505300 (2010h:28005); 
2. with D. Preiss and X. Tolsa, On the smoothness of 
Hölder-doubling measures, Calc. Var. Partial Differential 
Equations, 35 (2009), 339–363; 3. with G. David, Reifen-
berg Parameterizations for Sets with Holes, Mem. Amer. 
Math. Soc., 215 (2012), no. 1012 vi+102 pp. MR2907827; 
4. with G. David, Regularity of Almost Minimizers with 
Free Boundary, Calc. Var. Partial Differential Equations, 54 
(2015), no. 1, 455–524. MR3385167; 5. with C. Kenig, B. 
Kirchheim, and J. Pipher, Square Functions and the A∞ 
Property of Elliptic Measures, J. Geom. Anal., 26 (2016), 
no. 3, 2383–2410. MR3511480.
Statement by Candidate: It is an honor to be considered for 
the AMS Nominating Committee whose charge, to identify 
nominees for leadership positions in the Society, is funda-
mental. The AMS stands to play a leading role in helping the 
profession grow, by tapping into human resources which 
are currently underrepresented at all ranks. If elected, I will 

gional Meeting, Johnson City, TN, 2005; Plenary Lecture, 
Random Structures & Algorithms, Pittsburgh, PA, 2013; 
Invited Speaker, ICM Conference on Extremal and Struc-
tural Graph Theory, South Korea, 2014; Plenary Lecture, 
Shanghai Conference on Combinatorics, China, 2017.
Additional Information: Member, AAAS; SIAM Fellow, 
2009; Editor-in-Chief, SIAM Journal of Discrete Mathematics 
CY, 2009–2011; College of Sciences Faculty Mentor Award, 
2011; Director of the Algorithms & Randomness Center 
ThinkTank, 2011–2014; AMS Fellow, 2012; Interim Chair 
of School of Mathematics CY, 2015, 2016.
Selected Publications: 1. with P. Erdős, Representations of 
integers as the sum of k terms, Random Structures Algorithms, 
1 (1990), no. 3, 245–261. MR1099791 (92c:11012); 2. with 
R. Montenegro, Mathematical Aspects of Mixing Times in 
Markov Chains (monograph), Found. Trends. Theor. Comput. 
Sci., 1 (2006), no. 3, x+121p. MR2341319 (2009g:68100); 
3. with E. Croot, A. Granville, and R. Pemantle, On sharp 
transitions in making squares, Ann. Math., 175 (2012), 
no. 3, 1507–1550. MR2912710; 4. with M. Bayati and D. 
Gamarnik, Combinatorial approach to the interpolation 
method and scaling limits in sparse random graphs, Ann. 
Probab., 41 (2013), no. 6, 4080–4115. MR3161470; 5. with 
N. Gozlan, C. Roberto, and P-M. Samson, Kantorovich du-
ality for general transport costs and applications, J. Funct. 
Anal., 273 (2017), no. 11, 3327–3405. MR3706606.
Statement by Candidate: It would be an honor for me to 
help identify a diverse set of nominees for leadership posi-
tions at the AMS, if elected to the nomination committee. 
I participated, co-organized, and spoke at several AMS re-
gional conferences as well as at several Joint Mathematics 
Meetings over the years. Over the past twenty-five years, 
I have served on various National Science Foundation 
(NSF) panels and collaborated extensively with researchers 
in academia, as well as industry, on topics ranging from 
discrete mathematics, probability and functional analysis 
to statistical physics, computational number theory, and 
theory of computing. Currently, I am leading an (NSF-
funded) effort in the Atlanta area to build a data science 
education and research alliance in partnership with faculty 
from Agnes Scott, Spelman, and Morehouse colleges. As a 
member of the nominating committee, I will continue to 
be an advocate for mathematics and the sciences in general, 
and I will do my utmost to help identify leading scholars 
from a diverse spectrum of suitable candidates for the AMS.
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currently serve on the board of the AWM and the Sylvia 
Bozeman and Rhonda Hughes EDGE Foundation. I am a 
former member of the Board of Governors for the MAA and 
a former member of the board of SACNAS, an organization 
dedicated to the success of Chicanos, Hispanics, and Native 
Americans in science.

Editorial Boards Committee
Charles L. Epstein
Thomas A. Scott Professor of Math-
ematics, University of Pennsylvania.
PhD: NYU, 1983.
AMS Committees: Committee on the 
Profession, 2008–2011; Committee 
on Committees, 2009–2011; AMS-
ASA-MAA-SIAM Data Committee, 
2013–2016; AMS Liaison Committee 
with AAAS, 2014–2016; Committee 

to Select the Gibbs Lecturer, 2014–2017; Committee to 
Select the Winner of the Norbert Wiener Prize in Applied 
Mathematics, 2015–2016.
Selected Addresses: Principal speaker, International Con-
ference on Singularity Theory and Dynamical Systems, 
Kagoshima, Japan, 1994; MSRI/Evans Lectures, Geomet-
ric scattering theory and elliptic theory on non-compact 
and singular spaces, MSRI, Berkeley, CA, 2001; Grand 
Challenges in Medical Image Processing, Fields Institute, 
Waterloo, Canada, 2005; Plenary talk, Manitoba Workshop 
on Mathematical Imaging Science, University of Manitoba, 
Winnipeg, Manitoba, 2017; Plenary speaker, Rivière-Fabes 
Symposium, University of Minnesota, 2018.
Additional Information: Associate Editor, Bulletin of the 
AMS, 1991–1995; External editor, Journal of the Institute of 
Mathematics of Jussieu, 2001–2007; Series editor for Cor-
nerstones (Birkhäuser), 2004–2018; MPS Science Advisory 
Board, Simons Foundation, 2014–2018; Science Advisory 
Board, ICERM, 2014–2019; Editorial board, Inverse Prob-
lems, 2007–2012; Fellow, AMS, 2015; Fellow, American 
Association for the Advancement of Science, 2015; Stefan 
Bergman Prize, jointly with François Trèves, 2016; Co-
founder with Maciej Zworski of the new Mathematical Sci-
ences Publishers’ (MSP) journal Pure and Applied Analysis, 
2018; Board of Trustees, ICERM, 2018–2022. Series editor: 
Applied Mathematical Sciences; Texts in Applied Mathe-
matics; Interdisciplinary Applied Mathematics; Surveys and 
Tutorials in the Applied Mathematical Sciences published 
by Springer Nature, 2019–present.
Selected Publications: 1. Univalence criteria and surfaces 
in hyperbolic space, J. Reine Angew. Math., 380 (1987), 
196–214. MR0916206 (88m:30052); 2. with D. M. Burns 
Jr., A global invariant for three-dimensional CR-mani-
folds, Invent. Math., 92 (1988), 333–348. MR0936085 
(89b:53060); 3. A relative index on the space of embed-
dable CR-structures, I., Ann. of Math., (2) 147 (1998), no. 

work to ensure that candidates nominated to leadership 
positions in the AMS are committed to this goal.

Nominating Committee
Talithia Williams
Associate Professor of Mathematics; 
Associate Dean for Faculty Develop-
ment and Diversity, Harvey Mudd 
College.
PhD: Rice University, 2008.
Selected Addresses: NAM Claytor–
Woodard Lecturer, JMM, San Anto-
nio, 2015; AWM–MAA Etta Zuber 
Falconer Lecture, “No Longer Hidden 

Figures: Unveiling Mathematical Talent,” Chicago, 2017; 
MAA-SIAM-AMS Hrabowski-Gates-Tapia-McBay Invited 
Lecturer, “Mathematics for the Masses,” JMM, San Diego, 
2018; NAM Invited Address, NAM Cox–Tolbert Lecture, “A 
Seat at the Table: Equity and Social Justice in Mathematics 
Education,” JMM, Baltimore, 2019; JMM MAA Invited 
Paper Session on Mathematical Thinking for Modern Data 
Science Problems: “Data Science for Mathematicians: What 
We Already Know and What We Need to Learn” (with Rick 
Cleary), Babson College, 2019.
Additional Information: TED talk, “Own Your Body’s 
Data,” viewed over 1,600,000 times, 2014; MAA Henry L. 
Alder Award for Distinguished Teaching by a Beginning 
College or University Mathematics Faculty Member, 2015; 
MSRI's Human Resources Advisory Committee; Member 
of AWM, NAM, SACNAS, ASA, 2015–2018.
Selected Publications: 1. with A. Dray, An incidence 
estimation model for multi-stage diseases with differen-
tial ortality, Stat. Med., 31 (2012), no. 27, 3379–3392. 
MR3041818; 2. with S. Lewallen, P. Courtright, D. Etyaale, 
et al., Cataract incidence in sub-Saharan Africa: What does 
mathematical modeling tell us about geographic variations 
and surgical needs?, Ophthal Epidemiol (2013), 260–266; 
3. with S. Martonosi, Real Clients, Real Problems, Real 
Data: Client-Driven Statistics Education. In: Dewar J., Hsu 
P., Pollatsek H. (eds) Mathematics Education. Association 
for Women in Mathematics Series, vol 7. Springer, Cham 
(2016); 4. with S. Martonosi, A Survey of Statistical Cap-
stone Projects, Journal of Statistics Education, 24:3, (2016) 
127–135; 5. Power in Numbers: The Rebel Women of Math-
ematics, Race Point Publishing, 2018, ISBN: 978-1-63106-
485-2.
Statement by Candidate: I would be delighted to serve as 
a Member of the AMS Nominating Committee and further 
our mission of cultivating and promoting mathematical 
talent within our community. I have been active in organi-
zations that seek to broaden the participation and inclusion 
of women and underrepresented groups in mathematics. 
I have coordinated the EDGE (Enhancing Diversity in 
Graduate Education) summer program for women and 
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Selected Publications: 1. with P. Dupuis, Convex Duality 
and the Skorokhod Problem, I and II, Probab. Theory Related 
Fields, 115 (1999), no. 2, 153–195, 197–236. MR1720348 
(2001f:49041); 2. Reflected diffusions defined via the 
extended Skorokhod map. Electron. J. Probab., 11 (2006), 
934–992. MR2261058 (2008c:60054); 3. with L. Kontor-
ovich, Concentration inequalities for dependent random 
variables via the martingale method, Ann. Probab., 36 
(2008), no. 6, 2126–2158. MR2478678 (2010f:60057); 4. 
with H. Kaspi, Law of large numbers limits for many-server 
queues, Ann. Appl. Probab., 21 (2011), no. 1, 33–114. 
MR2759196 (2011m:60094); 5. with N. Gantert and S. 
Kim, Large deviations for random projections of ℓp balls, 
Ann. Probab., 45 (2017), no. 6B, 4419–4476. MR3737915.
Statement by Candidate: It is an honor to be nominated 
for the AMS Editorial Boards Committee. Producing excep-
tional journals is one of the most important roles of the 
mathematics community, and I have always been keen on 
supporting journals run by scientific societies. In particular, 
the AMS plays an important role in maintaining low-cost, 
open access journals of a high quality. If elected, I will strive 
to help nominate efficient and fair-minded editors that 
reflect the diverse interests of the community.

Editorial Boards Committee
Rodolfo H. Torres
University Distinguished Professor, 
University of Kansas.
PhD: Washington University in St. 
Louis, 1989.
AMS Committees: Central Section 
Program Committee, 2004, 2005; 
Fellows Selection Committee, 2019–
2022.
Selected Addresses: Invited Address, 

AMS Sectional Meeting, Kent State University, 1995; Invited 
Hour Lecture, Annual Meeting of the Argentine Mathemat-
ical Union, Neuquen, Argentina, 2004; Invited Lecture to 
the Royal Academy of Sciences Seville, Spain, 2011; Public 
Lecture, The Institute for Computational and Experimen-
tal Research in Mathematics (ICERM), Providence, Rhode 
Island, 2016; Congressional Briefing of the Mathematical 
Sciences Research Institute and the American Mathematical 
Society, Washington, DC, 2018.
Additional Information: Kemper Award for Excellence 
in Teaching, University of Kansas, 2003; G. Bailey Price 
Teaching of Graduate Mathematics Award, University 
of Kansas, 2000, 2009 and 2017; Morrison Foundation 
Teaching Award, University of Kansas, 2017; Featured in 
Lathisms Calendar, Latin@s and Hispanics in Mathematical 
Sciences, 2017; Fellow, AMS, 2013. Editorial Boards: Journal 
of Mathematical Analysis and Applications, 2000–present; 
Journal of Function Spaces and Applications, 2011–present; 
Journal of Fourier Analysis and Applications, 2013–present. 

1, 1–59. MR1609455 (99a:32018a); 4. Addendum to: 
Subelliptic SpinC Dirac Operators, III, Ann. of Math. (2) 
176 (2012), no. 2, 1373–1380. MR2950774; 5. with Rafe 
Mazzeo, Degenerate diffusion operators arising in popula-
tion biology, Annals of Math. Studies, 185, Princeton Press, 
Princeton, NJ, 2013, 320 pages.
Statement by Candidate: It is an honor to be nominated 
to serve on the Editorial Boards Committee. Publication is 
an essential part of a successful career in the mathematical 
sciences; the AMS provides a fundamental service to the 
profession by publishing a wide array of journals. The ed-
itorial boards of these journals maintain their focus, and 
quality, while striving to insure the fair and timely disposi-
tion of submissions. I believe that my experience serving on 
the editorial boards of several journals and book series, as 
well as recently founding (jointly with Maciej Zworski), the 
not-for-profit MSP journal Pure and Applied Analysis is good 
preparation for service on the Editorial Boards Committee.

Editorial Boards Committee
Kavita Ramanan
Roland George Dwight Richard-
son University Professor of Applied 
Mathematics, Brown University.
PhD: Brown University, 1998.
AMS Committees: AMS Eastern Sec-
tion Program Committee, 2012–
2014; AMS Nominating Committee, 
2015–2017.
Selected Addresses: Medallion Lec-

ture, Institute of Mathematical Statistics (IMS), Istanbul, 
Turkey, 2015; Plenary Lecture, Heilbronn Institute for Math-
ematical Research, Annual Conference, Bristol, UK, 2016; 
Hanna Neumann Plenary Lecture, 60th Annual Meeting of 
the Australian Mathematical Society, Canberra, 2016; AMS 
Invited Address, Spring Eastern Sectional Meeting, New 
York, 2017; Plenary Lecture, 13th German Probability and 
Statistics Days, Freiburg, Germany, 2018.
Additional Information: Erlang Prize, Applied Prob-
ability Society of INFORMS, 2006; Fellow, Institute of 
Mathematical Statistics, 2013; Area Editor for Mathematics 
of Operations Research, 2017–present; Scientific Advisory 
Board Member of ICERM, 2017–2020; Fellow, AMS, 2018; 
Fellow, INFORMS, 2018; Simons Fellowship, 2018; Scien-
tific Advisory Board Member of the Centre for Doctoral 
Training at Imperial and Oxford, 2019–present. Associate 
Editor: Stochastic Analysis and Applications, 2002–2010; An-
nals of Probability, 2006–2012; Annals of Applied Probability, 
2009–2017; SIAM Journal of Applied Math, 2018–present; 
Applied Math and Optimization, 2019–present; Stochastic 
Models, 2019–present. Member: Conseil Scientifique, SMAI, 
France, 2014–present; IMS Council, 2015–2018; AWM Ex-
ecutive Committee, 2018–2022.
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2016–present; Editor-in-Chief Israel Journal of Mathematics, 
2017–present.
Selected Publications: 1. Universal characteristic factors 
and Furstenberg averages, J. Amer. Math. Soc., 20 (2007), 
no. 1, 53–97. MR2257397 (2007j:37004); 2. with T. Tao, 
The primes contain arbitrarily long polynomial progres-
sion, Acta Math., 201 (2008), no. 2, 213–305. MR2461509 
(2009k:11144); 3. with B. Green and T. Tao, An inverse 
theorem for the Gowers Us+1[N]-norm, Ann. of Math., 
(2) 176 (2012), no. 2, 1231–1372. MR2950773; 4. with 
J. Bourgain and P. Sarnak, Distjointness of Mobius from 
horocycle flows, From Fourier Analysis and Number Theory to 
Radon Transforms and Geometry, Developments in Mathematics, 
28; 5. with D. Kazhdan, Approximate cohomology, Selecta 
Math. (N.S.) 24 (2018), no. 1, 499–509. MR3769736.
Statement by Candidate: I am honored to be nominated 
as a candidate for a position on the Editorial Boards Com-
mittee. I firmly believe in the mission of the AMS and in 
the important place of the Committee in carrying out the 
mission; I will discharge my responsibilities to the best of 
my abilities. Selecting editorial boards is an important duty, 
and I will work to assure that the people who are chosen 
are known for their achievements and broad knowledge 
in the field, as well as for their integrity and diligence. My 
years of experience serving on several editorial boards, and 
my experience as an editor in chief of the Israel Journal of 
Mathematics, have contributed to my understanding of the 
functioning of editorial boards and will help me in execut-
ing my responsibilities.

Appointments: President, Faculty Senate, University of 
Kansas, 2011–2012; Associate Vice Chancellor for Research, 
University of Kansas, 2012–2018; Peer Corps Reviewer, 
Higher Learning Commission, Chicago, Illinois, 2015–
present; Co-chair, Human Resources Advisory Committee, 
Mathematical Sciences Research Institute (MSRI), Berkeley, 
California, 2019–2021 (previously member since 2016); 
Member, Board of Directors, Institute for Research on 
Innovation & Science (IRIS), University of Michigan, Ann 
Arbor, Michigan, 2019–2022.
Selected Publications: 1. Boundedness results for op-
erators with singular kernels on distribution spaces, 
Mem. Amer. Math. Soc., 90 (1991), no. 442. MR1048075 
(91g:47044); 2. with R. Prum, S. Williamson and J. Dick, 
Coherent light scattering by blue feather barbs, Nature, 396 
(1998), 28–29; 3. with L. Grafakos, Multilinear Calderón–
Zygmund theory, Adv. Math., 165 (2002), no. 1, 124–164. 
MR1880324 (2002j:42029); 4. with Á. Bényi, C. Demeter, 
A.R. Nahmod, C.M. Thiele, and P. Villarroya, Modulation 
invariant bilinear T(1) theorem, J. Anal. Math., 109 (2009), 
279–352. MR2585397 (2011b:42032); 5. with J. Hart 
and X. Wu, Smoothing properties of bilinear operators 
and Leibniz-type rules in Lebesgue and mixed Lebesgue 
spaces, Trans. Amer. Math. Soc., 370 (2018), 8581–8612. 
MR3864388.
Statement by Candidate: I am honored to be nominated 
for the AMS Editorial Boards Committee. The Society’s jour-
nals play an essential role in communicating mathematics, 
not only in the US and other countries with established 
mathematical research traditions, but also in many other 
parts of the world where they are often some of the few 
journals to which universities can afford to subscribe. If 
elected to the committee, I will devote my efforts to nomi-
nating editors who are known for their high standards and 
exemplary ethics, and who can provide representation for 
the varied scientific interests and other diverse aspects of 
our mathematical community.

Editorial Boards Committee
Tamar Ziegler
Professor, Hebrew University.
PhD: Hebrew University, 2003.
Selected Addresses: EMS Lecturer of 
the year, Lund, Bonn, 2013; Wolfe 
Lecture in Mathematics, Houston 
2013; Joint AMS–IMU meeting, Tel 
Aviv 2014; ICM invited sectional 
lecture Seoul 2014; Ludwig Schläfli 
lecture, Bern 2018.
Additional Information: Erdős Prize, 

2011; Editor, Electronic Research Announcements, 2014–
present; Editor, Journal of European Mathematical Society, 
2014–present; Bruno Award, 2015; Editor, Discrete Analy-
sis, 2016–present; Associate Editor, Annals of Mathematics, 
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Article I

Officers
Section 1. There shall be a president, a president elect 
(during the even-numbered years only), an immediate past 
president (during the odd-numbered years only), three vice 
presidents, a secretary, four associate secretaries, a treasurer, 
and an associate treasurer.
Section 2. It shall be a duty of the president to deliver an 
address before the Society at the close of the term of office 
or within one year thereafter.

Article II

Board of Trustees
Section 1. There shall be a Board of Trustees consisting 
of eight trustees, five trustees elected by the Society in ac-
cordance with Article VII, together with the president, the 
treasurer, and the associate treasurer of the Society ex officio. 
The Board of Trustees shall designate its own presiding 
officer and secretary.
Section 2. The function of the Board of Trustees shall be 
to receive and administer the funds of the Society, to have 
full legal control of its investments and properties, to make 
contracts, and, in general, to conduct all business affairs of 
the Society.
Section 3. The Board of Trustees shall have the power to 
appoint such assistants and agents as may be necessary 
or convenient to facilitate the conduct of the affairs of 
the Society and to fix the terms and conditions of their 
employment. The Board may delegate to the officers of 
the Society duties and powers normally inhering in their 
respective corporative offices, subject to supervision by 
the Board. The Board of Trustees may appoint committees 
to facilitate the conduct of the financial business of the 
Society and delegate to such committees such powers as 
may be necessary or convenient for the proper exercise of 
those powers. Agents appointed, or members of committees 

designated, by the Board of Trustees need not be members 
of the Board.

Nothing herein contained shall be construed to em-
power the Board of Trustees to divest itself of responsibility 
for, or legal control of, the investments, properties, and 
contracts of the Society.

Article III
Committees
Section 1. There shall be eight editorial committees as 
follows: committees for the Bulletin, for the Proceedings, 
for the Colloquium Publications, for the Journal, for Mathe-
matical Surveys and Monographs, for Mathematical Reviews; a 
joint committee for the Transactions and the Memoirs; and 
a committee for Mathematics of Computation.
Section 2. The size of each committee shall be determined 
by the Council.

Article IV
Council
Section 1. The Council shall consist of fifteen members at 
large and the following ex officio members: the officers of 
the Society specified in Article I, the chair of each of the 
editorial committees specified in Article III, any former 
secretary for a period of two years following the terms of 
office, and members of the Executive Committee (Article 
V) who remain on the Council by the operation of Article 
VII, Section 4.

The chair of any committee designated as a Council 
member may name a deputy from the committee as sub-
stitute.
Section 2. The Council shall formulate and administer the 
scientific policies of the Society and shall act in an advisory 
capacity to the Board of Trustees.
Section 3. In the absence of the secretary from any meet-
ing of the Council, a member may be designated as acting 
secretary for the meeting, either by written authorization 
of the secretary, or, failing that, by the presiding officer.

Current Bylaws 
(as amended April 2019)
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not earlier than one month after the resolution has been 
discussed by the Council.

If, at a meeting of the Council, there are present twelve 
members, then the prior notification to the secretary may be 
waived by unanimous consent. In such a case, a unanimous 
favorable vote by those present shall empower the Council 
to speak in the name of the Society.

The Council may also refer the matter to a referendum 
of the entire membership of the Society and shall make 
such reference if a referendum is requested, prior to final 
action by the Council, by two hundred or more members. 
The taking of a referendum shall act as a stay upon Council 
action until the votes have been canvassed, and thereafter 
no action may be taken by the Council except in accordance 
with a plurality of the votes cast in the referendum.

Article V
Executive Committee
Section 1. There shall be an Executive Committee of the 
Council, consisting of four elected members and the fol-
lowing ex officio members: the president, the secretary, the 
president elect (during even-numbered years), and the 
immediate past president (during odd-numbered years).
Section 2. The Executive Committee of the Council shall be 
empowered to act for the Council on matters which have 
been delegated to the Executive Committee by the Council. 
If three members of the Executive Committee request that 
any matter be referred to the Council, the matter shall be 
so referred. The Executive Committee shall be responsible 
to the Council and shall report its actions to the Council. It 
may consider the agenda for meetings of the Council and 
may make recommendations to the Council.
Section 3. Each member of the Executive Committee shall 
have one vote. An affirmative vote on any proposal before 
the Executive Committee shall be declared if, and only if, 
at least four affirmative votes are cast for the proposal. A 
vote on any proposal may be determined at a meeting of 
the Executive Committee, but it shall not be necessary to 
hold a meeting to determine a vote.

Article VI
Executive Director
Section 1. There shall be an Executive Director who shall 
be a paid employee of the Society. The Executive Director 
shall have charge of the offices of the Society, except for 
the office of the secretary, and shall be responsible for 
the general administration of the affairs of the Society in 
accordance with the policies that are set by the Board of 
Trustees and by the Council.
Section 2. The Executive Director shall be appointed by 
the Board of Trustees with the consent of the Council. The 
terms and conditions of employment shall be fixed by the 
Board of Trustees, and the performance of the Executive 
Director will be reviewed regularly by the Board of Trustees.

Section 4. All members of the Council shall be voting 
members. Each member, including deputies, shall have one 
vote. The method for settling matters before the Council 
at any meeting shall be by majority vote of the members 
present. If the result of a vote is challenged, it shall be the 
duty of the presiding officer to determine the true vote by a 
roll call. In a roll call vote, each Council member shall vote 
only once (although possibly a member of the Council in 
several capacities).
Section 5. Any five members of the Council shall constitute 
a quorum for the transaction of business at any meeting 
of the Council.
Section 6. Between meetings of the Council, business 
may be transacted. Votes shall be counted as specified in 
Section 4 of this Article, “members present” being replaced 
by “members voting”. An affirmative vote on any proposal 
shall be declared if, and only if, (a) more than half of 
the total number of possible votes is received by the time 
announced for the closing of the polls, and (b) at least 
three-quarters of the votes received by then are affirmative. 
If five or more members request postponement at the time 
of voting, action on the matter at issue shall be postponed 
until the next meeting of the Council, unless either (1) at 
the discretion of the secretary, the question is made the 
subject of a second vote, in connection with which brief 
statements of reason, for and against, are circulated; or (2) 
the Council places the matter at issue before the Executive 
Committee for action.
Section 7. The Council may delegate to the Executive Com-
mittee certain of its duties and powers. Between meetings 
of the Council, the Executive Committee shall act for the 
Council on such matters and in such ways as the Council 
may specify. Nothing herein contained shall be construed 
as empowering the Council to divest itself of responsibility 
for formulating and administering the scientific policies 
of the Society.
Section 8. The Council shall also have power to speak in 
the name of the Society with respect to matters affecting 
the status of mathematics or mathematicians, such as pro-
posed or enacted federal or state legislation; conditions of 
employment in universities, colleges, or business, research 
or industrial organizations; regulations, policies, or acts 
of governmental agencies or instrumentalities; and other 
items which tend to affect the dignity and effective position 
of mathematics.

With the exception noted in the next paragraph, a fa-
vorable vote of two-thirds of the entire membership of the 
Council shall be necessary to authorize any statement in 
the name of the Society with respect to such matters. With 
the exception noted in the next paragraph, such a vote may 
be taken only if written notice shall have been given to the 
secretary by the proposer of any such resolution not later 
than one month prior to the Council meeting at which 
the matter is to be presented, and the vote shall be taken 
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Section 3. The Executive Director shall be responsible to 
and shall consult regularly with a liaison committee con-
sisting of the president as chair, the secretary, the treasurer, 
and the chair of the Board of Trustees.
Section 4. The Executive Director shall attend meetings of 
the Board of Trustees, the Council, and the Executive Com-
mittee, but shall not be a member of any of these bodies.

Article VII
Election of Officers and  Terms of Office
Section 1. The term of office shall be one year in the case of 
the president elect and the immediate past president; two 
years in the case of the president, the secretary, the associate 
secretaries, the treasurer, and the associate treasurer; three 
years in the case of vice presidents and members at large of 
the Council, one vice president and five members at large 
retiring annually; and five years in the case of the trustees. 
In the case of members of the editorial committees and 
appointed members of the communications committees, 
the term of office shall be determined by the Council. 
The term of office for elected members of the Executive 
Committee shall be four years, one of the elected members 
retiring annually. All terms of office shall begin on February 
1 and terminate on January 31, with the exception that the 
officials specified in Articles I, II, III, IV, and V (excepting 
the president elect and immediate past president) shall 
continue to serve until their successors have been duly 
elected or appointed and qualified.
Section 2. The president elect, the vice presidents, the 
trustees, and the members at large of the Council shall be 
elected by ballot. The secretary shall send notification to 
each member of the Society about the slate of candidates 
and the voting procedure on or before October 10, and 
legitimate ballots received by an established deadline at 
least 30 days later will be counted. Each ballot shall con-
tain one or more names proposed by the Council for each 
office to be filled, with blank spaces in which the voter 
may substitute other names. A plurality of all votes cast 
shall be necessary for election. In case of failure to secure a 
plurality for any office, the Council shall choose by ballot 
among the members having the highest number of votes. 
The secretary, the associate secretaries, the treasurer, and 
the associate treasurer shall be appointed by the Council 
in a manner designated by the Council. Each committee 
named in Article III shall be appointed by the Council in 
a manner designated by the Council. Each such committee 
shall elect one of its members as chair in a manner desig-
nated by the Council.
Section 3. The president becomes immediate past presi-
dent at the end of the term of office and the president elect 
becomes president.
Section 4. On or before February 15, the secretary shall 
send to all members of the Council a ballot containing 
two names for each place to be filled on the Executive 

Committee. The nominees shall be chosen by a commit-
tee appointed by the president. Members of the Council 
may vote for persons not nominated. Any member of the 
Council who is not an ex officio member of the Executive 
Committee (see Article V, Section 1) shall be eligible for 
election to the Executive Committee. In case a member is 
elected to the Executive Committee for a term extending 
beyond the regular term on the Council, that person shall 
automatically continue as a member of the Council during 
the remainder of that term on the Executive Committee.
Section 5. The president and vice presidents shall not be 
eligible for immediate re-election to their respective offices. 
A member at large or an ex officio member of the Council 
shall not be eligible for immediate election (or re-election) 
as a member at large of the Council.
Section 6. If the president of the Society should die or re-
sign while a president elect is in office, the president elect 
shall serve as president for the remainder of the year and 
thereafter shall serve the regular two-year term. If the presi-
dent of the Society should die or resign when no president 
elect is in office, the Council, with the approval of the Board 
of Trustees, shall designate one of the vice presidents to 
serve as president for the balance of the regular presiden-
tial term. If the president elect of the Society should die or 
resign before becoming president, the office shall remain 
vacant until the next regular election of a president elect, 
and the Society shall, at the next annual meeting, elect a 
president for a two-year term. If the immediate past pres-
ident should die or resign before expiration of the term 
of office, the Council, with the approval of the Board of 
Trustees, shall designate a former president of the Society 
to serve as immediate past president during the remainder 
of the regular term of the immediate past president. Such 
vacancies as may occur at any time in the group consisting 
of the vice presidents, the secretary, the associate secretaries, 
the treasurer, and the associate treasurer shall be filled by 
the Council with the approval of the Board of Trustees. If 
a member of an editorial or communications committee 
should take temporary leave from duties, the Council shall 
then appoint a substitute. The Council shall fill from its 
own membership any vacancy in the elected membership 
of the Executive Committee.
Section 7. If any elected trustee should die while in office 
or resign, the vacancy thus created shall be filled for the 
unexpired term by the Board of Trustees.
Section 8. If any member at large of the Council should 
die or resign more than one year before the expiration of 
the term, the vacancy for the unexpired term shall be filled 
by the Society at the next annual meeting.
Section 9. In case any officer should die or decline to serve 
between the time of election and the time to assume office, 
the vacancy shall be filled in the same manner as if that 
officer had served one day of the term.
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Article VIII
Members and  Their Election
Section 1. Election of members shall be by vote of the 
Council or of its Executive Committee.
Section 2. There shall be four classes of members, namely, 
ordinary, contributing, corporate, and institutional.
Section 3. Application for admission to ordinary member-
ship shall be made by the applicant on a blank provided 
by the secretary. Such applications shall not be acted upon 
until at least thirty days after their presentation to the 
Council (at a meeting or by mail), except in the case of 
members of other societies entering under special action 
of the Council approved by the Board of Trustees.
Section 4. An ordinary member may become a contributing 
member by paying the dues for such membership. (See 
Article IX, Section 3.)
Section 5. A university or college, or a firm, corporation, or 
association interested in the support of mathematics may 
be elected a corporate or an institutional member.

Article IX
Dues and Privileges of Members
Section 1. Any applicant shall be admitted to ordinary 
membership immediately upon election by the Council 
(Article VIII) and the discharge within sixty days of election 
of the first annual dues. Dues may be discharged by pay-
ment or by remission when the provision of Section 7 of 
this Article is applicable. The first annual dues shall apply to 
the year of election, except that any applicant elected after 
August 15 of any year may elect to have the first annual 
dues apply to the following year.
Section 2. The annual dues of an ordinary member of 
the Society shall be established by the Council with the 
approval of the Trustees. The Council, with the approval 
of the Trustees, may establish special rates in exceptional 
cases and for members of an organization with which the 
Society has a reciprocity agreement.
Section 3. The minimum dues for a contributing member 
shall be three-halves of the dues of an ordinary member 
per year. Members may, upon their own initiative, pay 
larger dues.
Section 4. The minimum dues of an institutional member 
shall depend on the scholarly activity of that member. The 
formula for computing these dues shall be established from 
time to time by the Council, subject to approval by the 
Board of Trustees. Institutions may pay larger dues than 
the computed minimum.
Section 5. The privileges of an institutional member shall 
depend on its dues in a manner to be determined by the 
Council, subject to approval by the Board of Trustees. These 
privileges shall be in terms of Society publications to be 
received by the institution and of the number of persons 
it may nominate for ordinary membership in the Society.

Section 6. Dues and privileges of corporate members of 
the Society shall be established by the Council subject to 
approval by the Board of Trustees.
Section 7. The dues of an ordinary member of the Society 
shall be remitted for any years during which that member 
is the nominee of an institutional member.
Section 8. After retirement from active service on account 
of age or on account of long-term disability, any ordinary 
or contributing member who is not in arrears of dues and 
with membership extending over at least twenty years may, 
by giving proper notification to the secretary, have dues 
remitted. Such a member shall receive the Notices and 
may request to receive Bulletin as privileges of membership 
during each year until membership ends.
Section 9. An ordinary or contributing member shall re-
ceive the Notices and Bulletin as privileges of membership 
during each year for which dues have been discharged.
Section 10. The annual dues of ordinary, contributing, and 
corporate members shall be due by January 1 of the year to 
which they apply. The Society shall submit bills for dues. 
If the annual dues of any member remain undischarged 
beyond what the Board of Trustees deems to be a reason-
able time, the name of that member shall be removed from 
the list of members after due notice. A member wishing to 
discontinue membership at any time shall submit a resig-
nation in writing to the Society.
Section 11. An eligible member may become a life member 
by making a one-time payment of dues. The criteria for 
eligibility and the amount of dues shall be established by 
the Council, subject to approval by the Board of Trustees. 
A life member is subsequently relieved of the obligation of 
paying dues. The status and privileges are those of ordinary 
members.

An eligible member of the Society by reciprocity who 
asserts the intention of continuing to be a member by 
reciprocity may purchase a life membership by a one-time 
payment of dues. The criteria for eligibility and the amount 
of dues shall be established by the Council, subject to ap-
proval by the Board of Trustees.

Article X
Meetings
Section 1. The annual meeting of the Society shall be 
held between the fifteenth of December and the tenth of 
February next following. Notice of the time and place of 
this meeting shall be sent by the secretary or an associate 
secretary to each member of the Society. The times and 
places of the annual and other meetings of the Society shall 
be designated by the Council.
Section 2. There shall be a business meeting of the Society 
only at the annual meeting. The agenda for the business 
meeting shall be determined by the Council. A business 
meeting of the Society can take action only on items 
notified to the full membership of the Society in the call 
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for the meeting. A business meeting can act on items 
recommended to it jointly by the Council and the Board 
of Trustees; a majority of members present and voting is 
required for passage of such an item. A business meeting 
of the Society can place action items on the agenda for a 
future business meeting. Final action on an item proposed 
by a previous business meeting can be taken only provided 
there is a quorum of 400 members, a majority of members 
at a business meeting with a quorum being required for 
passage of such an item.
Section 3. Meetings of the Executive Committee may be 
called by the president. The president shall call a meeting 
at any time upon the written request of two of its members.
Section 4. The Council shall meet at the annual meeting of 
the Society. Special meetings of the Council may be called 
by the president. The president shall call a special meeting 
at any time upon the written request of five of its members. 
No special meeting of the Council shall be held unless writ-
ten notice of it shall have been sent to all members of the 
Council at least ten days before the day set for the meeting.
Section 5. The Board of Trustees shall hold at least one 
meeting in each calendar year. Meetings of the Board of 
Trustees may be called by the president, the treasurer, or 
the secretary of the Society upon three days' notice of such 
meetings sent to each trustee. The secretary of the Society 
shall call a meeting upon the receipt of a written request of 
two of the trustees. Meetings may also be held by common 
consent of all the trustees.
Section 6. Papers intended for presentation at any meet-
ing of the Society shall be passed upon in advance by a 
program committee appointed by or under the authority 
of the Council, and only such papers shall be presented 
as shall have been approved by such committee. Papers 
in form unsuitable for publication, if accepted for presen-
tation, shall be referred to on the program as preliminary 
communications or reports.

Article XI
Publications
Section 1. The Society shall publish an official organ called 
the Bulletin of the American Mathematical Society. It shall 
publish four journals, known as the Journal of the American 
Mathematical Society, the Transactions of the American Mathe-
matical Society, the Proceedings of the American Mathematical 
Society, and Mathematics of Computation. It shall publish 
a series of mathematical papers known as the Memoirs of 
the American Mathematical Society. The object of the Jour-
nal, Transactions, Proceedings, Memoirs, and Mathematics of 
Computation is to make known important mathematical 
researches. It shall publish a periodical called Mathematical 
Reviews, containing abstracts or reviews of current mathe-
matical literature. It shall publish a series of volumes called 
Colloquium Publications which shall embody in book form 
new mathematical developments. It shall publish a series 

of monographs called Mathematical Surveys and Monographs 
which shall furnish expositions of the principal methods 
and results of particular fields of mathematical research. 
It shall publish a news periodical known as the Notices of 
the American Mathematical Society, containing programs of 
meetings, items of news of particular interest to mathema-
ticians, and such other materials as the Council may direct.
Section 2. The editorial management of the publications of 
the Society listed in Section 1 of this article, with the excep-
tion of the Notices, shall be in the charge of the respective 
editorial committees as provided in Article III, Section 1. 
The editorial management of the Notices shall be in the 
hands of a committee chosen in a manner established by 
the Council.

Article XII
Indemnification
Any person who at any time serves or has served as a trustee 
or officer of the Society, or as a member of the Council, 
or, at the request of the Society, as a director or officer of 
another corporation, whether for profit or not for profit, 
shall be indemnified by the Society and be reimbursed 
against and for expenses actually and necessarily incurred 
in connection with the defense or reasonable settlement of 
any action, suit, legal or administrative proceeding, whether 
civil, criminal, administrative or investigative, threatened, 
pending or completed, to which that person is made a party 
by reason of being or having been such trustee, officer or 
director or Council member, except in relation to matters 
as to which the person shall be adjudged in such action, 
suit, or proceeding to be liable for negligence or miscon-
duct in the performance of official duties. Such right of 
indemnification and reimbursement shall also extend to 
the personal representatives of any such person and shall 
be in addition to and not in substitution for any other 
rights to which such person or personal representatives 
may now or hereafter be entitled by virtue of the provisions 
of applicable law or of any other agreement or vote of the 
Board of Trustees, or otherwise.

Article XIII
Amendments
These bylaws may be amended or suspended on recom-
mendation of the Council and with the approval of the 
membership of the Society, the approval consisting of an 
affirmative vote by two-thirds of the members present at a 
business meeting or of two-thirds of the members voting in 
a mail ballot in which at least ten percent of the members 
vote, whichever alternative shall have been designated by 
the Council, and provided notice of the proposed action 
and of its general nature shall have been given in the call 
for the meeting or accompanies the ballot in full.

These Bylaws were last amended by the April 2019 Council.
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Call for Suggestions

YOUR SUGGESTIONS ARE WANTED BY:

the Nominating Committee, for the following contested
seats in the 2020 AMS elections:

vice president, trustee, and five members at large
of the Council.

Deadline for suggestions: November 1, 2019

the President, for the following contested seats in the
2020 AMS elections:

three members of the Nominating Committee and
two members of the Editorial Boards Committee.

Deadline for suggestions: January 31, 2020

the Editorial Boards Committee, for appointments to
various editorial boards of AMS publications.

Deadline for suggestions: Can be submitted any time

Send your suggestions for any of the above to:
Carla D. Savage, Secretary
American Mathematical Society
Department of Computer Science
North Carolina State University
Raleigh, NC 27695-8206 USA
secretary@ams.org
or submit them online at www.ams.org/committee-nominate



1270    Notices of the AmericAN mAthemAticAl society Volume 66, Number 8

Nominations by Petition

FROM THE AMS SECRETARY

2020 Election

Election Special Section

Vice President or Member at Large
One position of vice president and member of the Council 
ex officio for a term of three years is to be filled in the elec-
tion of 2020. The Council intends to nominate at least two 
candidates, among whom may be candidates nominated  
by petition as described in the rules and procedures.

Five positions of member at large of the Council for a 
term of three years are to be filled in the same election. 
The Council intends to nominate at least ten candidates, 
among whom may be candidates nominated by petition in 
the manner described in the rules and procedures.

Petitions are presented to the Council, which, according 
to Section 2 of Article VII of the bylaws, makes the nom-
inations.

Prior to presentation to the Council, petitions in sup-
port of a candidate for the position of vice president or 
of member at large of the Council must have at least fifty 
valid signatures and must conform to several rules and 
procedures, which are described below.

Editorial Boards Committee
Two places on the Editorial Boards Committee will be filled 
by election. There will be four continuing members of the 
Editorial Boards Committee.

The President will name at least four candidates for 
these two places, among whom may be candidates nomi-
nated by petition in the manner described in the rules and 
procedures.

The candidate’s assent and petitions bearing at least 100 
valid signatures are required for a name to be placed on 
the ballot. In addition, several other rules and procedures, 
described below, should be followed.

Nominating Committee
Three places on the Nominating Committee will be filled 
by election. There will be six continuing members of the 
Nominating Committee.

The President will name at least six candidates for these 
three places, among whom may be candidates nominated   
by petition in the manner described in the rules and pro-
cedures.

The candidate’s assent and petitions bearing at least 100 
valid signatures are required for a name to be placed on 
the ballot.  In addition, several other rules and procedures, 
described below, should be followed.

Rules and Procedures
Use separate copies of the form for each candidate for vice 
president, member at large, member of the Nominating or 
Editorial Boards Committees.
1. To be considered, petitions must be addressed to 

Carla D. Savage, Secretary, American Mathematical 
Society, 201 Charles Street, Providence, RI 02904-2213 
USA, and must arrive by 24 February 2020.

2. The name of the candidate must be given as it appears 
in the American Mathematical Society’s membership 
records and must be accompanied by the member 
code. If the member code is not known by the candi-
date, it may be obtained by the candidate contacting 
the AMS headquarters in Providence (amsmem@ams 
.org).

3. The petition for a single candidate may consist of sev-
eral sheets each bearing the statement of the petition, 
including the name of the position, and signatures. 
The name of the candidate must be exactly the same 
on all sheets.

4. On the next page is a sample form for petitions. Peti-
tioners may make and use photocopies or reasonable 
facsimiles.

5. A signature is valid when it is clearly that of the mem-
ber whose name and address is given in the left-hand 
column.

6. When a petition meeting these various requirements 
appears, the secretary will ask the candidate to indicate 
willingness to be included on the ballot. Petitioners can 
facilitate the procedure by accompanying the petitions 
with a signed statement from the candidate giving 
consent.
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Nomination Petition 

for 2020 Election
The undersigned members of the American Mathematical Society propose the name of

_________________________________________________  as a candidate for the position of (check one):

   Vice President (term beginning 02/01/2021)
   Member at Large of the Council (term beginning 02/01/2021)
   Member of the Nominating Committee (term beginning 01/01/2021)
   Member of the Editorial Boards Committee (term beginning 02/01/2021)

of the American Mathematical Society.

Return petitions by February 24, 2020 to:  
Secretary, AMS, 201 Charles Street, Providence, RI 02904-2213 USA

Name and address (printed or typed)

Signature

Signature

Signature

Signature

Signature

Signature
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Selenne Bañuelos is an assistant professor of mathematics at Califor-
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University Channel Islands. Her email address is cynthia.flores@
csuci.edu. 
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OPINION

Note: The opinions expressed here are not necessarily those of Notices.

in the United States. CSUCI is the result of a forty-year 
effort to bring a public four-year university to the Ventura 
County region and currently enrolls more than 7,000 
students. The university is a designated Hispanic-Serving 
Institution (HSI), where the student body is 53% under-
represented minority (Hispanic, African American/Black, 
Native American/Alaskan): 50% are Hispanic, 49% are Pell 
Recipients, 64% are female, and 59% are first-generation 
college students. 

How We Were Hired
The description that follows depicts the novel approach for 
recruitment and hiring that CSU Channel Islands engaged 
in during the 2013–2014 academic year. All departments 
were asked to submit requests during fall 2013 for positions 
to be filled with a start date in fall 2014. The positions 
were then approved by the administration. All approved 
positions followed the same hiring timeline regardless of 
disciplinary culture or practices. The due date for the ap-
plications occurred after the Joint Mathematics Meetings 
(JMM), and thus we were not interviewed during the 2014 
JMM. This hiring practice is different from what is generally 
followed in the mathematics discipline.

Candidates from different (in this case, thirteen) dis-
ciplines were invited to an on-campus interview. Candi-
dates for each position were reviewed by their respective 
Disciplinary Search Committees (DSC), one such hiring 
committee per open position. Our DSC included all math-
ematics tenure-track faculty, along with one biology faculty 

During the 2013–2014 academic year 1,926 PhDs were 
awarded in mathematics in the USA. Five of those PhDs 
(0.26%) were awarded to Latina US citizens [Vélez]. We, 
Selenne Bañuelos and Cynthia Flores, are two out of those 
five PhD awardees, and we were hired together as assistant 
professors in mathematics at California State University 
Channel Islands beginning in fall 2014. We have been 
successful due to our shared commitment to working at 
an institution like ours, joint experiences in professional 
development, and the value placed on us by our colleagues 
and students. This article will discuss the impact that 
being hired together has had on us, our students, and our 
university. 

About CSU Channel Islands
California State University Channel Islands (CSUCI), lo-
cated in Camarillo, California, was founded in 2002 and is 
the newest campus in the largest public university system 

Cluster Hiring Is  
Working for Us: Two Early  

Career Latinas in Math
Selenne Bañuelos and Cynthia Flores
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and our research interests in mathematical biology and 
mathematical physics allowed the potential for research 
collaborations to form (see Figure 1). 

Special hiring practices such as cluster hiring have been 
shown to be effective in hiring underrepresented minori-
ties in STEM [Smith]. It is among the hiring practices that 
“yield hiring across all racial/ethnic groups, suggesting that 
it would not violate current restrictions in the use of affir-
mative action” [Smith]. Departments intending to diversify 
their faculty but worried about affirmative action may 
consider a cluster-hire approach adapted to their program 
needs. In this case, it is recommended to obtain adminis-
trative buy-in during the hiring process [UUH, Fla15]. Our 
hire was not initiated at CSUCI with the intention to hire 
two faculty in mathematics, nor was it a traditional cluster 
hire. Members from our DSC worked with administration 
to ensure their approval of our hire. These individuals were 
aware of the impact that hiring us together would make in 
supporting our student body. Professor Cynthia Wyels, a 
member of the Math Program’s Disciplinary Search Com-
mittee in Spring 2014, states, 

Our Math Program was authorized to search for 
one tenure-track position. We typically forward 
the top 3–4 candidates’ materials to our dean 
and provost, with some comments indicating 
program preferences. Like many, our university 
has been seeking to diversify our faculty for 
years, with limited success. This year, our top 
two candidates were Latina. Our administration 
recognized the value each offered our students, 
and that hiring both together would immedi-
ately create value much greater than the sum of 
its parts, while also offering these new faculty a 
potential confidant and partner in their work. 
The administration found the resources to offer 
both mathematicians a position, and the rest is 
happy history!

Impact on Us—and the University
Since there are two of us, we can validate each other’s per-
spectives as Latinas, allowing for a stronger influence within 
the university. Being hired into the same department means 
that we learn about our university culture together; become 
familiar with the university's retention, tenure, and pro-
motion (RTP) processes together; discuss impressions and 
perceptions with each other; form strategies for influencing 
departmental culture at an HSI; and consult with each other 
and agree to be intentional about the committees we serve 
on. Although we are both quite busy with service to our 
department, the university, and the mathematics discipline, 
having the option to share the amount of work between 
two people helps to avoid fatigue.

It is well known that female faculty, in particular women 
from historically underrepresented groups, are often re-

member and one history faculty member. Generally, to 
avoid seeing multiple candidates from the same discipline 
on one date, the process is extended over three weeks. The 
university faculty, students, staff, and administration were 
involved in the recruitment and hiring process. In particu-
lar, the Faculty Search Coordinating Committee, an elected 
committee from the Faculty Senate of the Whole, worked 
closely with Academic Affairs to coordinate our two-day 
on-campus visit. We gave talks (some disciplines ask for 
both a research presentation and a teaching demonstra-
tion) where all were welcome to attend. We participated 
in interdisciplinary discussions with candidates across 
disciplines and were interviewed by our DSC and by ad-
ministrators, including the provost and president. We had 
many opportunities to meet with faculty from different 
disciplines during several networking activities. Although 
the DSC put forth the hiring recommendations, members 
of the administration made the final decision. Through 
this process CSUCI hired seventeen faculty to join thirteen 
different departments/programs in fall 2014. Currently, 
CSUCI’s hiring processes are undergoing some changes, 
as faculty and administration consider discipline-specific 
priorities and timelines. 

Although there is no set of unified definitions for cluster 
hiring, the practice generally involves hiring a group of 
faculty into one or more departments with the intention of 
forming research and teaching collaborations in the cohort 
[see Fla15, SE]. An additional consensus is described in the 
report Faculty Cluster Hiring for Diversity and Institutional 
Climate [UUH, Fla15] based on ten geographically diverse 
public research institutions. One of the recommendations 
is to “work to ensure early buy-in from department heads 
and especially deans.” In some ways, the fall ’14 group hire 
at CSUCI is like a cluster hire in that the administration and 
faculty were working together as they interviewed several 
potential faculty members at once. Once hired, we partic-
ipated in cohort networking activities to become familiar 
with campus life. However, engaging in research or teaching 
collaborations as a cohort was not a condition for hire. 
Nevertheless, our teaching philosophies are closely aligned 

Figure 1. Selenne (left) and Cynthia (right) work together at the 
2017 Field of Dreams Conference.
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understands the difficulty in managing service load is that 
we can remind each other of our individual teaching, re-
search, and service goals in order to avoid accepting service 
invitations that fall out of line with our priorities. Occa-
sionally we have shared in disciplinary service, but we have 
not served on university-wide task forces or committees 
together. While many of our priorities are identical, there 
is a lot of work to do, so we are able to cover more ground 
and trust each other when we represent the same interests.

Impact on Students
During our first spring semester at CSUCI, the Institute of 
Pure and Applied Math (IPAM) hosted the first LatinX in 
the Mathematical Sciences Conference. Along with senior 
faculty colleague Cynthia Wyels, we were able to secure 
university funds for several students to attend the confer-

quested to serve on several committees at once [GuaBor, 
Niemann]. Moreover, individual faculty from historically 
underrepresented groups are susceptible to token-status, 
which partially describes a person belonging to a numerical 
minority less than 15% of the faculty size (see [Niemann] 
and references therein). Additionally, tokens face isolation 
from majority colleagues, who may perpetuate unconscious 
biases; distinctiveness from disproportionate attention 
due to their token status; and representativeness from the 
majority perspective that views the collection of tokens as 
homogeneous, to name a few [Niemann]. That is, the token 
faculty’s words are taken as representing the views of all 
who belong to their historically underrepresented group, 
not their viewpoint or opinions as an individual. Many 
university and professional society committees seek to rep-
resent the perspectives of different groups; being female, in 
STEM, and belonging to an underrepresented minority, we 
are sought often for committee work or other service calls. 
We are aware that our contributions to committee work can 
be viewed as representing the collective ideals of an entire 
group, and we take on that responsibility. Service work is 
essential for a university and professional societies to thrive. 
Unfortunately, the day-to-day university services rarely carry 
reputational benefits of discipline-specific service and may 
actively limit research time. Because CSUCI is fairly new 
and has the second-lowest tenure density in the CSU system 
at 29% [Calfac], the need and expectation for tenure-track 
faculty input and service in university-wide committees is 
substantial. As assistant professors, much of this university 
committee work is time-consuming, has little impact on the 
wider math community, and reduces our opportunities to 
serve on national/international mathematics committees. 
In our case, one of the strengths of having a colleague who 

Figure 2. CSUCI students, faculty, and staff at SACNAS 2016 in Long Beach, CA.

Figure 3. CSUCI team at SACNAS 2017 in Salt Lake City, UT. 
Institutional commitment is visible with the presence of CSUCI 
President Erika D. Beck (middle of third row from the bottom).
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When asked if students noticed any differences in  
department culture, students responded:

…over these past three years I have noticed a 
gradual shift in the department towards inclu-
siveness and diversity—diversity both in com-
position of the faculty and of the student body 
with absolutely no degradation in the quality of 
education provided by the University.

[Drs. Bañuelos and Flores] went above and 
beyond from teaching multiple math elective 
classes they felt were essential for students 
hoping to pursue graduate school, to running 
clubs that supported students of all races, back-
grounds, and genders, to show that anyone can 
succeed in this field.

When asked if having two Latina faculty/mentors made 
an impression, students responded:

The fact that they were both Latina gave me 
the opportunity to communicate with them 
about my DACA status, and their support was 
invaluable to me.

I am no mathematical savant so in a field 
plagued with favoritism, it has been refreshing 
to work alongside a down-to-earth mentor who 
can recognize their pupil’s interests and diffi-
culties and aid them in understanding complex 
mathematical concepts.

ence. This was the first multiday conference for many of 
our students. Moreover, it was the first conference they at-
tended that featured distinguished Latinx mathematicians. 
Additional university funds supported students to attend 
the 2016 and 2017 National SACNAS Conference. The 2016 
National SACNAS Conference was held in Long Beach, and 
we took more than fifty students, staff, and faculty. These 
efforts are in addition to the university and departmental 
support provided to students to attend regional MAA and 
AMS conferences, and the JMM (see Figures 2–5). These 
activities help students become part of the mathematics 
community.

We worked together on creating an opportunity for 
seven of our undergraduate students to engage in funded 
research during the 2016–2017 academic year (see Figure 
6). We applied for and were awarded funds from Preparing 
Undergraduates through Mentoring for PhDs (PUMP),1 

the Center for Undergraduate Research in Mathematics 
(CURM),2 and the Foundations of CSU Channel Islands 
and Brigham Young University. Our personal perspectives 
allowed us to coordinate supervising research and men-
toring a diverse research team during the academic year 
without becoming overly susceptible to “burnout.” The 
influence of the researchers on their peers, their positive 
experiences traveling to conferences to present their work, 
as well as the success in the job market of the graduating 
seniors (see Figure 7) had a positive effect on the culture 
around the mathematics department. As a result, many stu-
dents want to participate in original research and are more 
aware of postgraduation opportunities. The combination 
of minority faculty leadership and near-peer success pro-
motes the notion that those from underrepresented groups 
can flourish within the mathematics discipline. Indeed, 
“it is crucial to have faculty who are committed to student 
learning, who reflect in composition the student body, and 
who have high expectations and are willing to engage in 
the success of Latino students” [Santiago].

We learned about high-impact teaching practices to-
gether as Project NExT fellows (2015 Red Dots). In addi-
tion to supervising undergraduate research, we share the 
strength of implementing new active learning strategies in 
the classroom. For instance, we incorporate project-based 
activities, technologies, writing-intensive courses, mas-
ter-based assessment, and inquiry-based learning activities.

In preparation for this article we sent out a survey with 
three short-answer questions to thirteen students who 
know us as instructors, mentors, or research supervisors. 
The responses were overwhelmingly supportive and 
thoughtful, and provided insight into students’ reactions 
to our contributions in the department. With too many to 
include here, we select a few that provide a summary of the 
collective feedback.

1www.pump-math.org
2urmath.org/curm

Figure 4. CSUCI math students and faculty at the 2017 MAA 
regional meeting.

http://urmath.org/curm
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It is absurd to find out how low the percentage 
(~0.25%) of Latina Mathematical Sciences 
PhDs awarded on a yearly basis is. Had I been 
propositioned to guess an approximate percent-
age of Latina PhDs I am positive that saying less 
than one percent wouldn’t have been uttered. 
Perhaps I have been more fortunate than first 
thought. Having been through a Mathematics 
Program with two Latina PhDs as professors, in 
light of the ridiculous low percentage of Latina 
math PhDs, is simply a revelation.

Lack of diversity is an issue because mathemat-
ical innovation can only benefit from a fusion 
of unique ideas formed by a diverse mathemat-
ical community with unique experiences and 
perspective. So, working with two Latina PhD 
faculty has left me with the impression that it 
is not only possible but necessary to help create 
a culture in mathematics that encourages more 
participation and representation of underrep-
resented minorities in mathematics.

Why It’s Working
Committee members that made recommendations in 
[UUH] state the importance of supporting cluster-hired 
faculty once they are on campus. Indeed, they recommend 
establishing “infrastructure to support interdisciplinary 
collaboration, such as hiring faculty in cohorts and hold-
ing regular events where informal social networking can 
occur.” The support and opportunities to network that 
were presented to us as junior faculty made a lasting im-
pact. During our first year at CSUCI we were involved in 
the Faculty Mentorship Program, where we were assigned 
a senior faculty member to help us navigate the culture at 
CSUCI. We met with our mentor one-on-one, and there 
were also lunches and gatherings with the entire program. 
A colleague in sociology, Lindsey O’Connor, ran a Pro-
fessional Development Workshop Series in spring 2015. 
The materials for the workshop were originally designed 
to address issues that women face in leadership positions 
and to provide a set of skills to address these issues. The 
series covered a range of topics like conveying confidence 
when public speaking, time management and multitasking, 
creating effective team dynamics, and creating an inclusive 
environment. This workshop gave us an opportunity to get 
to know each other well without other members of our 
department present.

We were also fortunate to join professional development 
opportunities outside of campus together. Most notably, 
we are fellows from the Mathematical Association of 
America’s New Experiences in Teaching3 (Project NExT) 

Even though I am Desi (South Asian diaspora) 
and not ethnically underrepresented in mathe-
matics, it was hugely beneficial to have profes-
sors who, like me, have overcome obstacles in 
their academic lives.

They have made the department feel more 
welcoming and have made other faculty mem-
bers more aware of how the department can 
improve.

When asked if they were aware of the statistics showing 
the gap in representation by Latina faculty in the US, stu-
dents responded:

…so few Latinas just receiving their doctorates, 
not to mention how hard it is to become a 
tenure-track professor! I feel then that our de-
partment has won the lottery, having two Latina 
math PhD professors, especially ones as excep-
tionally talented and gifted at both teaching and 
research as Drs. Flores and Bañuelos. But on a 
sadder note, this reminds me that they face a 
lot of professional challenges…

3www.maa.org/programs-and-communities/professional-develop-
ment/project-next

Figure 5. At Field of Dreams: Ty Danet, Garrett Lopez, Andrew 
Murillo, Kayla Roberts, Robben Teufel, Nathalie Huerta, John 
Rock, Selenne Bañuelos, and Cynthia Flores.

http://www.maa.org/programs-and-communities/professional-development/project-next
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Red ’15 Cohort. Project NExT is a se-
lective program that addresses all roles 
of an academic career. Unfortunately, 
CSUCI does not have a professional 
development center for its faculty. We 
were both eager to learn about best 
practices for an active learning class-
room. Project NExT helped us attain 
many great ideas and continues to 
influence how our classes and those 
of our colleagues function. We also 
participated in the CURM Workshop 
on supervising undergraduate research 
in May 2016. This workshop helped us 
better prepare to lead our students in 
research. All of these experiences played 
an important role in strengthening our 
small cluster of two Latina math faculty. 
In a department of ten tenure-track fac-
ulty, two female members coming from 
a historically underrepresented group 

Figure 6. CURM-funded students at Midwest Undergraduate Math Symposium (left to 
right): Selenne Bañuelos, Matt Costa, Angel Ramos, Ty Danet, Kristen Godinez, Garrett 
Lopez, and Cynthia Flores.

Figure 7. CSUCI 2017 Graduation (left to right): Cynthia Flores, Kristen Godinez, and Selenne Bañuelos.
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[GuaBor] Guarino CM and Borden VMH, Faculty Service 
Loads and Gender: Are Women Taking Care of the Aca-
demic Family? Res High Educ (2017) 58: 672. https://
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have a real chance to promote change that will benefit 
students. However, we must remain aware that this causes 
local perception that the work on diversity is somehow 
done. We note that we are the only two Latina tenure-track 
faculty in the biology, chemistry, computer science, physics, 
and mathematics departments.

A drawback that is reported from cluster hiring is that 
some universities engage in the practice led by their admin-
istration and without sufficient consultation at the depart-
ment level [Fla16]. In these cases the emphasis is placed on 
how the cluster will work together, not necessarily how they 
will work in their departments. In particular, “some junior 
faculty who were hired to do interdisciplinary work were 
discouraged from doing so because their efforts would not 
count toward tenure in their home departments” [UUH]. 
Although the administration made the final decision for 
our employment, our department intended for us to work 
in and with members of our department while also encour-
aging interdisciplinary work in the university.

Our two-person cluster hire is working for us not only 
because we were hired together but also because we were 
hired together to serve the students of CSUCI. It was a goal 
for the both of us to work for an HSI that values diversity 
and inclusive excellence and values the work that faculty 
do to help our students. We rely on this shared philoso-
phy to build trust with each other and members from our 
department, to support our students, and to stay engaged 
with our mathematics community.
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OPINION

Accountability: Federal 
Research Grants Should Be  
Tied to Diversity Outcomes

William Yslas Vélez

Note: The opinions expressed here are not necessarily those of Notices.

This article calls for the reexamination of diversity as it 
pertains to the historical people of the United States. It 
also outlines a plan to intentionally align federal funding 
awards with diversity goals. 

People of Color. We see this everywhere. Who is this 
describing? Are there people who have no color? Even white 
is a color. Hardware stores carry white paint. Are we the 
only country in the world, besides South Africa, that uses 
the term “color” to distinguish a group of people? There are 
characteristics of individuals that do separate populations 
and impact their career paths: access to resources, quality 
schools, a safe neighborhood, drug habits, modes of dress, 
culture [1]. By looking at a person’s color, can we ascertain 
these characteristics? Nonsense. “People of color” is a term 
that is now used to group together populations that have 
lived in the United States for generations as well as those 
who have recently arrived in the country. It is a sort of 
whitewash. Recent immigration patterns have brought in 
many different cultural/ethnic groups. Blending these new 
populations into American society has not always worked 
well. Being the only ethnic/racial minority in a classroom 
can lead to discrimination, as so many recent immigrants 
have found. 

As a nation of immigrants, the United States continues 
its efforts to integrate new populations into the educational 
system. English as a second language programs exist to fa-

cilitate the integration of these students into our schools. 
Financial aid programs for college help new immigrants 
afford an education. Even programs that were initially 
aimed at increasing minority participation in STEM have 
representatives from these new populations. The annual 
meeting of the Society for the Advancement of Chicanos 
and Native Americans in Science (SACNAS) is an example 
of the diversity of the American workforce. But there is a 
counterpoint to the support we give to new immigrants. 
These could be described as English as the only language 
programs.  

In the last century, reservation schools did their best to 
eradicate not only the language of the Native American 
children but also their culture. In the Southwest, Mexi-
can-American children were discouraged from speaking 
Spanish in their schools. As we formulate plans to encour-
age new immigrant populations to pursue STEM careers, it 
is important to remember that there is still an underrepre-
sentation of minority populations in the STEM workforce.  

For decades the underrepresentation of the Mexi-
can-American (Chicano), Native American, Native Hawai-
ian and Pacific Islanders, and African American populations 
in STEM careers has been recognized, and efforts have been 
made to increase representation. These are not immigrant 
populations, however, as they have had a presence in the 
United States for centuries. I will refer to these four popu-
lations as the Traditionally Excluded American Minorities 
(TEAM).

It is painful to reflect on the past and confront the atroc-
ities that invading Europeans inflicted upon the TEAM. But 
this past forms the present reality, and TEAM populations 
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departments saw little benefit in hiring TEAM faculty. As 
a result, TEAM faculty are almost invisible among faculty 
in mathematics departments, especially in the top twenty 
departments. Given this lack of progress, the word “tra-
ditional” began to disappear, and the word “underrepre-
sented” began to encompass larger populations with the 
expectation that some progress could at least be recognized.

Toward the end of the last century US demographics 
began to change. The term Hispanic or Latinx now encom-
passes a rich milieu of cultures from many different coun-
tries. It is no longer just Mexico exporting large populations 
to the United States. It would be impossible to try to differ-
entiate among this population, nor is it desirable. In fact, 
the number of Hispanics who are majoring in mathematics 
is growing. Part of this is due to the sheer growth in the 
Hispanic population. Minority organizations like SACNAS 
have also formed to increase interest in STEM fields among 
Hispanics. US-born Hispanics are different from Hispanics 
educated abroad, as poverty is still one of our birthrights. 
It is a sad commentary that if you are a Hispanic in one of 
our top twenty mathematics departments, you are proba-
bly foreign born. TEAM representation in the top twenty 
departments is almost nonexistent, and the fact that we are 
not there makes us invisible to the educational concerns 
of these departments.

Diversity efforts had little impact on TEAM individuals 
going into careers leading to the professorate. (In 1977 I 
was the first Chicano mathematician hired in a tenure-track 
position in the mathematics department at the University 
of Arizona. When I retired in 2018, I was also the last.) With 
situations like this describing the failure of these efforts, 
something had to be done. The solution that came out was 
to downplay the roles that these TEAM populations have 
in the history of the United States and instead whitewash 
the issue. The term “people of color,” though not defined, 
came into vogue, and departments could now at least claim 
that there was some color among their faculty. One hears 
announcements that the first “person of color has been 
appointed to a position.” It is likely that this person is not 
a TEAM member. Problem solved. Or so it appears. “People 
of Color” in fact has marginalized the most underrepre-
sented members of this group. 

I believe that this serious underrepresentation of TEAM 
members in the mathematical enterprise has much to 
do with the fact that there are so few TEAM graduate stu-
dents and faculty in the top twenty departments. If these 
departments are not producing TEAM PhDs, where are 
these departments going to find TEAM faculty? Very few 
TEAM mathematicians have earned a PhD at Princeton or 
Harvard. Given that these two institutions appear to have 
so little interest in educating TEAM members, why is the 
federal government continuing to support these two insti-
tutions with grants? For many years the National Science 
Foundation has been very explicit that increasing diversity 
is one of its strategic goals. The 2018 White House Strate-

confront this painful dichotomy daily. Let me say a few 
words about this history. 

The ancestors of African Americans were brought to 
this country as slaves. Segregation in the early 1900s was 
accepted, and the civil rights of the African American were 
greatly curtailed. Their experiences have recently been 
portrayed very powerfully in many movies, such as The 
Help and Twelve Years a Slave. These movies have brought 
at least a certain consciousness to the plight of the African 
American community. That it is necessary to mention that 
black lives matter tells us something about the current cul-
ture. Relative to STEM, a recent article [2] in the New York 
Times described the experiences of an African American 
mathematician in a research department. 

The genocide that Europeans inflicted upon the Native 
American community is perhaps less in the public mind. 
How difficult must it be for Native Americans to see 
prominent institutions, like Amherst College, named after 
an individual, Lord Jeffrey Amherst, whose goal was to 
extinguish the Native American population by any means 
necessary, including giving Native Americans blankets that 
were contaminated by smallpox [3, pp. 67–68]. Those that 
survived extermination were relegated to reservations often 
far from their ancestral homes. Sherman Alexie has written 
very poignantly about life on the reservations [4].

The United States stole half of Mexico’s land in the mid-
1800s with the Treaty of Guadalupe Hidalgo and the Gads-
den Purchase. Because of that action, Mexican Americans 
became a conquered people living in a conquered land. My 
parents were born in the state of Sonora in Mexico, making 
me a first-generation American in a nation of immigrants. 
But I am not a first-generation American. My parents were 
not immigrants. I can trace my lineage to a soldier at the 
Presidio de Tucson in 1750. Our families lived in the Ari-
zona-Sonora desert for generations and moved through this 
region freely. The border created this artificial separation 
between us and our land [5, 6].

The impact of this violence brought poverty and lack 
of resources to the TEAM. As the United States entered the 
Sputnik age in the 1960s, TEAM populations did not have 
access to a level playing field in education. Prior to the 
1954 Supreme Court decision that desegregated schools, 
the policy of separate but equal schools produced schools 
for African Americans that were separate but certainly not 
equal. It would take more than ten years before desegre-
gation would become a reality. However, since schools are 
often funded by property taxes, TEAM members continue 
to attend lesser-quality schools and continue to be sorely 
underrepresented in STEM fields. 

In 1961 President Kennedy issued Executive Order 
10925, which used the words “affirmative action.” By the 
1970s this term was often referenced in academic circles 
with regard to the hiring of TEAM members. But given the 
lack of TEAM STEM students in the pipeline, TEAM STEM 
faculty were in short supply, and, in my opinion, STEM 
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available for a mathematically prepared student. And to 
go along with this, faculty need to answer the question, 
What would a student do with an undergraduate degree 
in mathematics? In answering this question, departments 
need to update their own undergraduate programs of study 
to prepare students for tomorrow’s jobs [7].

Mathematics departments are not service departments. 
The best tool that we have to interest students in mathe-
matics is the material that we teach, as long as we present 
it in an entertaining and interesting form. There should 
be no dead-end courses. The central purpose of a math-
ematics course should be to convince the student to take 
the next mathematics course. New teaching techniques are 
being developed, and departments should invest efforts 
to determine which would work best for their faculty and 
student body. 

Mathematics departments are not research institutes. 
They are part of a university, and as such the vision state-
ment of the department should support the goals of the 
university. A university needs much more than good re-
search faculty. Effective teaching, motivating and mentoring 
students, and performing outreach to the community are 
all important tasks. The announcements for faculty posi-
tions should reflect the departmental vision and how the 
department is meeting the goals of the university.

Finally, departments should utilize the opportunities 
available to meet TEAM mathematicians at national 
meetings and to talk to them about possible job open-
ings. Currently both the Math Alliance and the National 
Association of Mathematicians provide opportunities to 
meet new TEAM PhDs at the JMM. Getting to know TEAM 
mathematicians would be an important step towards di-
versifying your faculty.  
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gic Plan, Charting a Course for Success: America’s Strategy for 
STEM Education, lists three goals, including to “Increase 
Diversity, Equity and Inclusion in STEM.”

A careful examination of graduate education needs 
to occur in this country. How is it that we have graduate 
programs that are not accessible to US citizens? Graduate 
programs create artificial barriers, such as GRE scores, that 
limit the number of applicants. In the United States we 
demand that students have a liberal arts education. That 
typically means that US students take one or two mathe-
matics courses per semester. International students have 
an entirely different system of education. When applying 
to universities, students are accepted into a program of 
study, like mathematics. These students take four or five 
mathematics courses per semester. When they graduate 
they essentially have a master’s degree knowledge of 
mathematics. It is no wonder that they score better than 
US students on the GRE. Are these international students 
destined to become better researchers than US students? 
In conversations that I have had with departments that 
are limiting the number of international students in their 
graduate program, they report that US students produce 
doctoral theses on a par with international students. There 
are many qualities that are essential to completing a PhD: 
determination, curiosity, creativity, and a basic knowledge 
of mathematics. The GRE measures only the last item. We 
value creativity, yet when we admit students, we evaluate 
only their knowledge. 

Increasing diversity is explicit in the goals of the federal 
government and its funding agencies. If departments dis-
play no interest in supporting these goals they should not 
be funded with research grants. Mathematics departments, 
particularly those that receive funding from the federal 
government, have a responsibility to this country. It is not 
enough that they are creating new knowledge. The better 
the research potential of a department, the more responsi-
bility it has to bring TEAM members into that environment.

Let’s envision what the faculty will be like in twenty 
years. Given that there are so few TEAM graduate students 
in the top twenty graduate programs, the number of TEAM 
faculty in these departments will not change. Moreover, are 
these departments part of the problem or part of the solu-
tion? If these departments are not graduating substantial 
numbers of TEAM undergraduates, then they are part of 
the problem. In selecting the “best” students for graduate 
programs, programs should also answer the question, What 
is best for this country? 

How should the mathematical community move for-
ward to address the serious problem of underrepresentation 
of women and TEAM members among our faculty? Part 
of the answer rests on our doorstep: the undergraduates 
in their first year of study. These students do not select 
mathematics as a major because they know of only one 
profession with that major. Departments need to reach out 
to these students to inform them of the many career paths 
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trate the diversity within the Lathisms community in terms 
of research area and career stage.

Hortensia Soto
Hispanic Heritage Month means someone recognizes that we 
contribute to this country. It means that the sacrifice that my 
parents made for us was not in vain. It means that the work that 
my elementary teachers did for me is recognized. It is a mech-
anism to serve as a role model for others—regardless of gender, 
race, sexual orientation, religion, socio-economic status, level of 
education, etc. And, I get to do this in the same manner that it 
was bestowed upon me: through compassion. It means that as a 
Hispanic mathematics educator, I am valued.

—Hortensia Soto

Biography
Dr. Hortensia Soto was born in Jalisco, Mexico. When she 
was one, she and her older sister and parents immigrated 
to rural western Nebraska, where she was raised on a farm. 
This is where she learned the value of a strong work ethic; 
it is also where she learned that she wanted an education. 
Her parents, who both have a third-grade education, taught 
her and modeled that through hard work, anything was 
possible. Dr. Soto is extremely grateful to her teachers 
who were patient with her, especially when she was first 
learning English.

Dr. Soto earned her degrees from Chadron State Col-
lege, University of Arizona, and University of Northern 
Colorado. She is currently a professor in the School of 
Mathematical Sciences at the University of Northern 
Colorado, where she works with prospective and in-ser-
vice K–16 mathematics teachers. Through her teaching,  

Lathisms (Latinxs and Hispanics in Mathematical Sciences, 
www.lathisms.org) provides an accessible platform 
that features outstanding research, teaching, mentoring, 
and service contributions of Latinxs and Hispanics to the 
mathematical sciences. Since 2016, Lathisms has featured 
91 mathematicians, who are highlighted one per day during 
US Hispanic Heritage Month, which runs from September 
15 to October 15. This year, we are highlighting the work 
of Latinx and Hispanic mathematics educators.

The Lathisms honorees demonstrate a strong commit-
ment to the advancement of Latinxs and Hispanics in the 
mathematical sciences, and we are excited to highlight 
their outstanding contributions. The 2019 Lathisms cal-
endar continues this tradition and features mathematics 
educators, some of whom will be interviewed by Evelyn 
Lamb as part of our Lathisms podcast, made possible by 
the continued support of the Mathematical Association of 
America via a Tensor-SUMMA grant. New to the website 
this year are individual posters of each honoree, which will 
be freely available for download.

We present here the profiles of four of the 2019  
Lathisms honorees. These honorees were selected to illus-

2019 Lathisms: Latinxs and 
Hispanics in the Mathematical 

Sciences
Pamela E. Harris, Alicia Prieto Langarica, and  

Luis Sordo Vieira 

Pamela E. Harris is an assistant professor at Williams College. Her email 
address is pamela.e.harris@williams.edu.

Alicia Prieto-Langarica is an associate professor at Youngstown State Uni-
versity. Her email address is aprietolangarica@ysu.edu.

Luis Sordo Vieira is a postdoctoral associate at The Jackson Laboratory for 
Genomic Medicine. His email address is luis.sordovieira@jax.org.

Communicated by Notices associate editor Stephan Ramon Garcia.

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

DOI: https://dx.doi.org/10.1090/noti1935
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make decisions about mathematics problems and about 
policy. Most recently, Dr. Soto received the MAA Deborah 
and Franklin Tepper Haimo Award for Distinguished Col-
lege or University Teaching of Mathematics.

Enrique Treviño
I greatly enjoy reading about the achievements from other  
Hispanic mathematicians. My favorite part of Lathisms has been 
the podcast. It is great to hear about the life of other mathemati-
cians. To listen to the struggles on their path and their resilience. 
Also to hear the joy mathematics brings to them.

—Enrique Treviño

Biography
Dr. Enrique Treviño grew up on the Ciudad Juarez-El Paso 
border. Commuting between Mexico and the US daily, he 
completed his undergraduate studies earning a baccalau-
reate degree in mathematics at the University of Texas at 
El Paso in 2006. He earned his PhD in mathematics, with 
an emphasis in number theory, from Dartmouth College 
under the guidance of Carl Pomerance. His first academic 
position was as a visiting assistant professor at Swarthmore 
College; he has been a faculty member at Lake Forest Col-
lege since 2013, where he is now an associate professor.

Dr. Treviño became interested in mathematics as a career 
thanks to the Mexican Mathematical Olympiad, in which 
he participated as a student in 2000 and 2001. Since then 
he has worked to prepare gifted mathematics students 
from the state of Chihuahua for the Mexican Mathematical 
Olympiad and is one of the trainers for the Mexican teams 
that compete at the different international competitions. In 
this capacity, he has created problems for the Chihuahua 
Mathematical Olympiad exams from 2002 to 2010 (except 
for 2004), graded the exams, and selected the team to rep-
resent the state. Alongside David Cossio, he has led prob-
lem-solving strategies workshops for high school teachers 
in Ciudad Juárez and Chihuahua, and he participated as 

outreach efforts, and professional development, she always 
strives to “pay it forward” by opening doors for others as 
her teachers did for her.

As a mathematics educator, Dr. Soto publishes in various 
areas of mathematics education, including assessment, 
mathematical preparation of elementary teachers, outreach 
programs for high school girls, and especially in the area 
of teaching and learning of undergraduate mathematics. 
Her current research efforts related to the teaching and 
learning of complex analysis inform how to teach the 
course by blending geometric and algebraic reasoning. In 
her research and teaching, Dr. Soto adopts an embodied 
cognition perspective, which is a philosophy asserting that 
learning is body-based. As such, she creates embodied ac-
tivities designed to invoke mathematical reasoning through 
physical or virtual human body experiences.

Dr. Soto has facilitated professional development for 
K–16 teachers in Nebraska, Colorado, and California. In 
addition, she has taught teachers from rural Nebraska as 
part of the University of Nebraska–Lincoln NSF-funded 
project, Math in the Middle. As part of Project PROMESAS 
SSC (Pathways with Regional Outreach and Mathematics 
Excellence for Student Achievement in STEM), she provides 
professional development to collegiate teachers. This has 
been an opportunity for her to teach seasoned and novice 
teachers about rich mathematical tasks, student-centered 
learning, and sense of community—all with an eye towards 
equity in the mathematics classroom.

She is a long-time working member of the Mathematical 
Association of America and currently serves as the associate 
secretary. She is an editor of the MAA Instructional Practices 
Guide and the coordinator for SIGMAA RUME. She has 
served on the editorial board of Mathematics Teacher, pub-
lished by the National Council of Teachers of Mathematics, 
and currently serves on the editorial board for the Interna-
tional Journal of Research in Undergraduate Mathematics. For 
twenty years, she has consulted for ACT, where she helps 

Hortensia Soto, Professor of Mathematics and Graduate 
Recruitment Coordinator, University of Northern Colorado.

Enrique Treviño, Associate Professor of Mathematics, Lake 
Forest College.
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a master’s and a PhD in mathematics education from the 
University of Georgia; and Dr. Mesa is now professor of ed-
ucation and mathematics at the University of Michigan and 
faculty associate at the Center for the Study of Higher and 
Post-Secondary Education at the University of Michigan.

Dr. Mesa’s research investigates the role that resources 
play in developing teaching expertise in undergraduate 
mathematics, specifically at community colleges and in in-
quiry-based learning classrooms. Her overarching research 
goal is to understand how textbooks, instructors, and stu-
dents interact in order to create opportunities for students 
to learn mathematics in postsecondary education. With 
that goal in mind, her work is located at the intersection of 
three fields of scholarly inquiry: undergraduate mathemat-
ics education, mathematics education writ large, and higher 
education. Through her research she seeks to contribute 
theoretically grounded, empirically based observations 
that provide the foundation for knowledge claims and 
insights that can guide reform of mathematics instruction 
in postsecondary institutions, with particular emphasis on 
the important and understudied area of community college 
mathematics education.

Dr. Mesa has collaborated in evaluation projects on 
the impact of innovative mathematics teaching practices 
for students in STEM fields. As part of the National Study 

a problem coordinator in the International Mathematical 
Olympiad in 2005, the Ibero-American Mathematical 
Olympiad in 2009, and the Mexican Mathematical Olym-
piad from 2015 to 2018. Starting in September 2019, he will 
lead the Mexican team at the Olimpiada Iberoamericana de 
Matemáticas. Dr. Treviño has also attended the last three 
European Girls Mathematical Olympiads as either a Leader 
(2018) or Deputy Leader (2017, 2019) of the Mexican teams 
and has been in charge of selecting the problems for the 
Asian Pacific Math Olympiad for the last two years. It is 
worth noting that the majority of competitions and training 
in Mexican states happen without financial support and are 
only possible thanks to volunteers like Dr. Treviño.

Dr. Treviño’s main research interest is number theory. 
His PhD dissertation, titled “Numerically Explicit Estimates 
for Character Sums,” involves a blend of analytic number 
theory and some serious computing. He has worked on 
problems such as estimating the least quadratic nonresidue 
modulo a prime, the least inert prime in a real quadratic 
field, and other concrete inequalities. Besides number the-
ory, he writes recreational mathematics papers, cares deeply 
about undergraduate research, and works every summer 
on research projects with undergraduates. His work has 
resulted in five coauthored papers with undergraduates.

With respect to teaching, Dr. Treviño has taught nearly 
two dozen distinct courses as a college professor, including 
courses such as Programming, Calculus, Abstract Algebra, 
Combinatorics, Number Theory, and Recreational Math-
ematics. He likes to incorporate ideas from recreational 
mathematics in all classes he teaches, with the aim of get-
ting students to see the fun side of mathematics. He has also 
taught at the Ross Program Asia, a program aimed at high 
school students interested in advanced mathematics, and at 
Awesome Summer Camp, a summer math camp for math-
ematically strong middle school and high school students 
who want to learn mathematics through problem solving.

Vilma Mesa
To me, Hispanic Heritage Month is an opportunity for all US 
residents to learn about the role that colonialism has played in 
the oppression of Latin America. I cherish our language, music, 
food, literature, festivals, dances, stories, sayings, and fiestas, and 
take any opportunity to share them. I dream of a day in which 
we reestablish our deep connections to our Native American 
ancestors and rescue their wisdom to guide our future.

—Vilma Mesa

Biography
Dr. Vilma Mesa earned a BS in computer sciences and a 
BS in mathematics from the University of Los Andes in 
Bogotá, Colombia, and prior to her career in education, 
Dr. Mesa was a systems programmer for the ministry of 
finances in Colombia and for the District of Bogotá and 
systems advisor for a large firm in Colombia. She earned 

Vilma Mesa, Professor of Education and of Mathematics, 
University of Michigan.
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immediately after completing his PhD, Dr. Álvarez took 
a postdoctoral position in mathematics education at the 
Charles A. Dana Center at The University of  Texas at Austin. 
Dr. Álvarez is currently a professor of mathematics and Dis-
tinguished Teaching Professor at The University of Texas at 
Arlington and graduate director of the MA in Mathematics 
Program for secondary mathematics teachers. He is happily 
married to Dr. Minerva Cordero (also a mathematician), 
and they have two grown sons, Alex and Nicholas.

Dr. Álvarez’s research and professional interests are in 
mathematics education with a focus on mathematical prob-
lem solving, mathematics-specific technology, increasing 
access to mathematics through improved preparation of 
mathematics teachers, program development, and curric-
ulum development. In the K–12 setting, he has been an 
essential contributor to the development and enhancement 
of mathematics standards and assessments for students 
and teachers.

Dr. Álvarez is an advocate for increasing access to STEM 
by improving teacher preparation, facilitating professional 
development opportunities for teachers, and promoting 
programs that enhance mathematical experiences at the 
K–12 and college level. Throughout his career, Dr. Álvarez 
has worked on several initiatives aimed at increasing the 
participation of historically underserved populations in 

of Calculus, in collaboration with the Mathematical As-
sociation of America and funded by the National Science 
Foundation, she was in charge of the two-year college case 
studies. Dr. Mesa collaborates with various practitioners 
and researchers in several federally funded grants investi-
gating the quality of mathematics instruction at community 
colleges, the uses of open-source textbooks in university 
settings, and the transparency of programs supporting 
students in transitioning to Calculus 2 at minority-serving 
community colleges. Dr. Mesa’s work in mathematics ed-
ucation has produced more than forty published research 
articles.

Dr. Mesa has served as associate editor for the Journal for 
Research in Mathematics Education from 2000 to 2004 and 
is currently serving as associate editor for Educational Stud-
ies in Mathematics. She serves on the Curriculum Renewal 
Across the First Two Years MAA committee, on the board 
of the Mathematics Learning by Inquiry initiative, and as 
treasurer for the MAA special interest group in Research in 
Undergraduate Mathematics Education. She is an editorial 
board member for the International Journal for Research in 
Undergraduate Mathematics Education, Revista Pensamiento 
Numérico Avanzado, and Revista Educación Matemática.

James Álvarez
Hispanic Heritage Month highlights the important, complex 
history and contributions of Hispanics in our country. In my 
own ancestry, I have Tejanos in which the border crossed them in 
1830s, Mexicans who crossed the border in the 1850s and 1890s, 
and my father who left Spain in 1963. My parents always em-
phasized the power of knowledge and facts in combating racism. 
Thus, I always viewed knowing our history as an integral part of 
helping others understand the rich contributions Hispanics have 
made to this country from cowboy traditions in the southwest to 
a current day Supreme Court justice.

—James Álvarez

Biography
Dr. James A. Mendoza Álvarez grew up on his family’s farm 
near Saspamco, Texas, south of San Antonio. The story of 
his great grandparents’ walk across the border from Mexico 
in 1890 and their tenacity in saving for ten years to purchase 
a “rancho” on wages of 25 cents per day in a nearby brick 
factory grounded his upbringing in the values of persever-
ance and hard work. Both his father, who emigrated from 
Spain in 1963, and his mother were school teachers who 
prioritized the pursuit of higher education. His mother’s 
passion for teaching highly influenced his own desire to 
be an educator.

Dr. Álvarez earned his BS degree in mathematics and 
physics from Texas A&M University–Commerce and com-
pleted his PhD at The University of Texas. His passion for 
issues related to equity and access in mathematics fueled 
his move to research in mathematics education. Thus, 

James Álvarez, Professor of Mathematics and Distinguished 
Teaching Professor, University of  Texas at Arlington.
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the mathematical sciences, including working extensively 
with the Emerging Scholars Program (ESP), which focuses 
on increasing success rates in calculus, especially for Latinx 
and African American students. Dr. Álvarez has instructed 
hundreds of faculty and graduate students nationwide 
on task development, problem solving, and instructional 
practices essential for successful ESP programs.

Dr. Álvarez’s accomplishments have been recognized at 
several levels. Most recently he was awarded the 2016 UT 
Arlington Outstanding Honors College Faculty Award, the 
2017 Texas Section of the MAA Distinguished Service award, 
an MAA Certificate of Meritorious Service, and the 2017 E. 
Glenadine Gibb Achievement Award of the Texas Council 
of Teachers of Mathematics. Moreover, he is a six-time 
recipient of a UT Arlington Provost’s Research Excellence 
Award in the College of Science.

Credits
Photo of Hortensia Soto is courtesy of Photography  

by Desiree.
Photo of Enrique Treviño is courtesy of Lake Forest College. 
Photo of Vilma Mesa is courtesy of Leisa Thompson.
Photo of James Álvarez is courtesy of Greg Pederson.
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ant objective. In 1998 a group of research mathematicians 
realized that the mathematical sciences could serve as a 
unifying network to fill the articulated needs arising from 
the challenges outlined by the call for NCE proposals. 
The radical idea for a Network of Centres of Excellence in 
mathematical sciences germinated in the minds of Steve 
Halperin from the University of Toronto and the directors 
of the three mathematics research institutes in Canada (at 
the time): Luc Vinet (Centre de recherches mathématiques), 
Don Dawson (Fields Institute), and Nassif Ghoussoub 
(Pacific Institute for the Mathematical Sciences).

Considering that few mathematicians at the time had 
industry connections, their idea was met with skepticism 
by both academia and industry—few thought that a pro-
posed network in mathematical sciences would receive the 
necessary government support. Despite doubts from the 
mathematics community and university administrators 
at the time, Ghoussoub, Dawson, Halperin, and Vinet 
submitted a proposal to the NCE program for the creation 
of MITACS—The Mathematics of Information Technology 
and Complex Systems. The MITACS acronym reflected the 
organization’s original goal of bringing together researchers 
in the mathematical sciences to focus on the problems of 
mathematical modeling and management of large-scale 

MITACS—A Proposal from  
the Mathematics Community
In 1989 the government of Canada created a program called 
Networks of Centres of Excellence (NCE). The motivation 
was the recognition that in order to compete in the global 
landscape, the country needed to create more impactful 
connections between university-based researchers and 
companies to further the national innovation strategy. The 
significant gap in productivity between Canada and coun-
tries such as the USA indicated the need to spur research 
and development spending by industry, to further develop 
technological transfer mechanisms, and to build significant 
university-industry projects. 

From the point of view of universities, it had become 
apparent that far more PhDs were being produced than the 
academic job market required. Thus creating pathways to 
nonacademic employment in Canada became an import-

Mitacs: Mathematical Roots for 
Innovation in Canada
Mathematics Foundation Underpins 20-Year 
Evolution of Success and Growth at Mitacs
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ABSTRACT. In this article we describe the 20-year history of Mitacs, which is a unique Canadian organization promot-
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$10 million1 in funding for the MITACS Accelerate intern-
ship program, tripling the size of the existing program and 
expanding it to include all disciplines. Combined with ad-
ditional funding from the government of Canada and other 
provinces, this allowed MITACS to offer 240 internships in 
2007. In that same year, a professional training component 
was launched in order to provide the interns and other 
students the basic knowledge expected by businesses for 
prospective employees.

Another key MITACS program was introduced in 2009: 
Globalink, which began as a mechanism for bringing out-
standing undergraduate students to Canada for short-term 
research projects. The program launched with seventeen 
interns traveling from India to British Columbia for three-
month summer research internships and the opportunity to 
return to Canada on a fellowship for graduate school. This 
global mobility program was destined to grow considerably 
over the next ten years.

Letting Go:  The Evolution from MITACS to Mitacs 
The two MITACS programs Accelerate and Globalink at-
tracted a lot of demand from the private sector as well as 
financial support from government. However, once the 
restriction to mathematical sciences had been breached, 
there was no turning back. It became clear that the math-
ematicians had created a platform for innovation and 
global mobility that could not be constrained by specific 
discipline dynamics; in particular, the small size of the 
math community in Canada was an obstacle to its natural 
evolution. Moreover, the NCE funding could last for only 
fourteen years plus a ramp-down period. 

An ingenious solution was found. MITACS was divided 
into two separate entities in 2011: Mitacs, Inc., a not-
for-profit organization focused on innovation broadly 
construed, having the research universities of Canada as 
its founding members, and Mprime, which became the 

complex systems and the 
mathematics of informa-
tion technology.

MITACS: The Early 
Years—Basic 
Formula for Success
The proposal received 
glowing reviews, and  
MITACS was launched in 
1999 with the mandate 
to connect mathematics 
researchers to industry 
and provide professional 
development opportuni-
ties for graduate students. 
The goal of MITACS was 
to fund industry and ac-
ademic research, encour-
age the commercializa-

tion of the project results, and communicate the impact of 
these results to the government and to the public.

Under the early leadership of Arvind Gupta, professor 
in the School of Computing Science at Simon Fraser Uni-
versity, MITACS benefited tremendously from his extraor-
dinary vision, entrepreneurial skills, and natural talent for 
building relationships between academia and industry. He 
was the driving force behind MITACS for fifteen years. He 
assembled a stellar group of highly motivated staff mem-
bers and imbued the organization with an unbreakable 
“can-do” mentality that persists to this day.

MITACS was the first NCE to be discipline-based and the 
only one concentrated strictly on mathematical sciences, 
which was broadly construed to include pure and applied 
mathematics, statistics, and quantitative aspects of social 
and natural sciences. MITACS was able to overcome initial 
doubts and attract a wide variety of industrial partners for 
its research projects. One of the key goals of MITACS was 
to bring highly qualified talent into companies for the pur-
poses of research and development. The primary vehicles 
for this were to be graduate students working on peer-re-
viewed research projects that could lead to commercializa-
tion. The key vehicle that accomplished this was developed 
by Gupta and his team: a unique internship program, 
Accelerate, co-funded by industry, which embeds graduate 
students in companies for renewable four-month intervals, 
providing crucial talent for the enterprise and invaluable 
experiential learning for the student, while connecting the 
student’s advisor to the company.

This program was first piloted at Alcatel in 2002, and 
the full internship program was launched in 2003. In the 
program’s first year, eighteen research internships were co-
funded by the private sector. After gradual growth of the pro-
gram, in 2007 the government of British Columbia granted  

Figure 2. Donald Dawson and Arvind Gupta in the early  
days of MITACS.

Figure 1. The original MITACS 
logo: the Borromean rings 
represent the foundational 
support of the three mathematics 
institutes.

1All currency figures are in Canadian dollars.
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The farewell for MITACS as a math organization took 
place through its highly successful role as the host organi-
zation for the 2011 International Congress for Industrial 
and Applied Mathematics in Vancouver, with nearly 3,000 
mathematicians attending. The new Mitacs now focused on 
its internship, training, and global mobility programs and 
was able to tap into increasing market demand for the R&D 
capacity provided by this talent. The matchmaking skills 
of the Mitacs business development team played a key role 
in enabling its consolidation as the preeminent graduate 
industrial internship organization in North America.

In February 2015, I was appointed CEO and scientific 
director of Mitacs, which is headquartered at the University 
of British Columbia in Vancouver. Over the past four years 
Mitacs has grown enormously. In 2017 the government of 
Canada awarded Mitacs $221 million over five years, and 
the budget for the current fiscal year is approximately $175 
million, with over $50 million from industry. Mitacs has 
offices in Vancouver, Toronto, Montreal, and Ottawa and 
employs more than 200 staff members. The Accelerate pro-
gram has expanded considerably over the years and now 
offers more than 6,500 internship units per year. Funding 
is supplied by the government of Canada, all ten provincial 
governments, university partners, and industry, which must 
pay half of the internship. The introduction of a national 
business development team to implement the partnership 
between academia and industry has allowed Mitacs to be-
come a ubiquitous platform for research and innovation 
across the country, working closely with numerous partner 
organizations such as NSERC, SSHRC, and provincial in-
novation and research agencies. 

official successor of the mathematical sciences NCE, which 
continued in existence until the original funding stream 
ended in 2014. 

The success of MITACS/Mprime played an important 
role in revitalizing aspects of the mathematical sciences in 
Canada. Quoting from the final NCE report [1]: “By 2011, 
Mprime had 377 academic scientists from 32 different dis-
ciplines (52% from outside of mathematics and statistics) 
and 739 students working with over 650 partners in sectors 
as diverse as health, medicine, information technology, 
manufacturing, the environment, finance, communication, 
and security. The majority of Mprime partners—some 
80%—hail from industry, from small and mid-sized firms 
to large corporations. Collectively, they contributed $1.5 
million annually to the network.” 

Figure 3. The 2017 Mitacs Awards Ceremony in Ottawa, Ontario.

Figure 4. Research numbers above cover Mitacs Accelerate, Globalink, Elevate, Enterprise/Converge, and Science Policy Fellows 
programs from 2003–04 to 2018–19. *Results for 2018–19 delivery are preliminary and subject to confirmation by audited  
financial statement.
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of geographic locations. More recently its international 
programs have supported bilateral flows of talent and ideas 
combining research, innovation, and entrepreneurship. 
These are important objectives for Canada, which under-
stands the highly competitive nature of talent attraction 
and the immense value of having a rich and diverse supply 
of talent for its economy. The fact that a small group of 
visionary mathematicians launched this journey should be 
a source of pride for our community: we can rightfully own 
the original vision that spawned Mitacs, an organization 
that will continue to innovate and reinvent itself due to its 
irrepressible mathematical genes.

References
[1] NETWORK LEGACY: MPRIME NETWORK INC. 

www.nce-rce.gc.ca/ReportsPublications- 
RapportsPublications/ExcelleNCENewsletter- 
BulletinExcellence/v4_i3/MPrime_eng.asp 

[2] Target 10,000: Talent, Ideas, Networks, Mitacs Five-Year 
Strategic Plan, Fall 2016. https://www.mitacs.ca/en/
about/strategic-plan
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Likewise, the Globalink program has grown signifi-
cantly: in the summer of 2019 Mitacs brought 1,250 
talented international students to Canadian universities 
as research interns, and they will be offered fellowships if 
they choose to return to Canada for their graduate studies. 
Mitacs also provides extensive opportunities for bilateral 
mobility, funding research, and industrial stays by thou-
sands of graduate students coming to and from Canada, 
thus reinforcing connections with international research 
teams. Mitacs works closely with a number of partner coun-
tries (including Germany, France, Brazil, Mexico, China, 
India, UK, and USA) with shared funding arrangements. 

Mitacs is on track to deliver 10,000 yearly student intern-
ships by 2020 (as outlined in its 2016–21 Strategic Plan; see 
[2]), but that is considered another intermediate milestone. 
In fact, the ultimate goal would be to offer every Canadian 
graduate student who wants one the opportunity of an 
internship, as well as an international research experience. 
Moreover, it makes sense to expand these programs to tal-
ented, advanced undergraduate students so that they may 
connect earlier with research that may lead to a potential 
career outside academia. In fact, close to 20 percent of 
current Mitacs interns are from social sciences and hu-
manities, disciplines that are now being incorporated into 
interdisciplinary projects. The research themes covered by 
Mitacs interns cut across most academic disciplines. The 
Mitacs website https://www.mitacs.ca/en/projects 
describes close to 7,500 projects, out of which 15 percent 
are in the mathematical sciences.

Another notable achievement was the establishment by 
Mitacs of the Canadian Science Policy Fellows program, 
started in 2016, which places university faculty and post-
docs in government departments for a year to work on key 
science policy issues. This program includes placements 
both in Ottawa (federal) and in Victoria (BC government), 
and it is expected to expand to other jurisdictions. The 
fellows receive training by science policy experts and op-
portunities to participate in public events. This program 
has become the Canadian version of the AAAS Science & 
Technology Policy Fellowships (STPF) in the USA. Other 
new programs include an international entrepreneurship 
program to connect incubators in Canada with foreign 
markets and an Indigenous engagement initiative to 
explore ways to increase the inclusion of this important 
underrepresented group in Mitacs programs. 

Final Remarks
Mitacs began its journey as MITACS, motivated by the need 
to show the relevance of mathematics to other disciplines 
and its impact on society. Along the way it designed and 
delivered some highly successful programs for creating 
research-based work-integrated learning opportunities for 
graduate students through a flexible and scalable format 
that can be offered broadly across sectors and in a variety 

Alejandro Adem 
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in mathematics, supporting the International Congress 
of Mathematicians (ICM), and encouraging any and all 
international mathematical activities that contribute to the 
discipline [1, p. 7]. In restarting the IMU, Stone “pressed 
hard for inclusiveness.” At the time, this “inclusiveness” 
focused on advancing mathematics within the broader 
frame of “post-War and Cold War sensitivities” [1, p. 7].2 

The IMU has continued Stone’s commitment to inclu-
siveness and expanded it to many other areas. In particular, 
in the 1970s, the IMU formed an international group of 
mathematicians, chaired by A. Adrian Albert of the Uni-
versity of Chicago (and vice president of the IMU at the 
time), to begin exploring the growth of mathematics in 
developing countries and advise the Executive Committee 
[5, p. 180]. As Olli Lehto pointed out, “the composition 
of the group,” which included Henri Cartan and Michael  
Atiyah, among others, served as “further proof of the 
Union’s serious aim to do something” [5, p. 180]. 

These efforts eventually led to the establishment of the 
IMU Commission on Development and Exchange (CDE) 
on January 1, 1979, to “support and encourage the growth 
of Mathematics in developing countries and co-operate 
with appropriate bodies to that end” [5, p. 201] and later 
the Developing Countries Strategy Group in 2004 “to 
increase the organization’s attention to the needs of math-
ematics and mathematicians in the many countries of the 
world which do not have the national development or re-
sources necessary for official IMU membership” (https://
www.mathunion.org/imu-net/archive/2004/
imu-net-008).3 In 2011 the IMU united these two  

Introduction
On February 11, 2019, the International Mathematical 
Union (IMU) issued a new call for the Breakout Graduate 
Fellowship Program of the IMU Commission for Devel-
oping Countries (CDC). What are Breakout Graduate 
Fellowships? What is the IMU Commission for Developing 
Countries? Why does the IMU support these initiatives? In 
the mathematical community, the IMU is typically known 
for organizing quadrennial International Congresses and 
awarding the Fields Medal [1, p. 8]. But the IMU is much 
bigger than those two initiatives. This article aims to call 
attention to the work of the IMU to advance mathematics 
in developing countries, especially through their new ini-
tiative, the Breakout Graduate Fellowship Program.

Brief History of the IMU and Its  
Commitment to Developing Countries1 
The International Mathematical Union (IMU) had a bit of 
a bumpy start. Originally founded in 1920, it disbanded in 
1932 and only came to life again after the celebrated Amer-
ican mathematician Marshall Stone brought a cohesiveness 
to the group in the late 1940s and early 1950s. It officially 
re-formed again in 1951 with Stone as the first president 
of the new IMU. His vision for the IMU focused on the 
three main aims of promoting international cooperation 
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“Mathematics Is a Community”
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initiatives to form the Commission 
for Developing Countries (CDC). 
This merger reflected the strong 
emphasis of the IMU to increase 
activities in developing countries. 
Mandated to manage all “IMU ini-
tiatives in support of mathematics 
in the developing world,” the CDC 
supports initiatives ranging from 
visiting lectureships to travel fel-
lowships to mentoring through its  
various programs.

The Year 2014: A Report, a 
President, and a Prize
In 2014 the Friends of the IMU, 
known as FIMU, engaged the services 
of an editorial consultant to prepare 
a white paper entitled The IMU in the 
Developing World: Past, Present and 
Future. The report offers a compre-
hensive overview of these efforts and 
emphasizes three main points: (1) 
mathematical communities are vital 
to the economic development of all 
nations; (2) quality mathematics ed-
ucation serves as the foundation for 
strengthening mathematics world-
wide; and (3) the IMU is committed 
to education that is open to all, that 
nurtures and rewards mathematical 
talent, and that provides access to 
historical and current mathematical 
literature. 

In particular, the report notes that 
developing countries face many chal-
lenges in cultivating an interest in 
mathematics in students, providing 
role models for those students, and 
funding graduate work. For those 
who do complete their studies and 
obtain faculty positions, they are 
often overwhelmed with large teach-
ing loads and/or classes and face pro-
fessional and geographic isolation [1, 
p. 12]. The CDC has determined that 
there is not a lack of indigenous talent 

but, rather, that the opportunities to develop that talent 
“vary widely depending on circumstances.” In particular, 
the single largest need for mathematical communities in 
developing countries is graduate student support [1, p. 
14]. It is expensive to educate a student from a developing 
country in a developed country. Moreover, in these cases, 
students often do not return to their home country. With 

CDC Programs to Support Mathematics in Developing Countries
Conferences and Projects 
Conference Support Program: This program gives partial support to conferences 
organized in developing countries and to a few major international conferences 
occurring in developed countries for the participation of mathematicians from 
developing countries. 

Project Support Program: The CDC supports capacity-building projects and 
programs in mathematics and mathematics education, be they international, 
regional, or local initiatives in developing countries. It is worth mentioning the 
Capacity and Network Project (CANP) of the International Commission for 
Mathematical Instruction (ICMI).
Lecturing and Mentoring 
Volunteer Lecturer Program: The goal of this program is to offer universities in 
developing countries lecturers for intensive 3–4 week courses in mathematics 
at the advanced undergraduate or master’s level. The program is partially sup-
ported by the American Mathematical Society and the Niels Henrik Abel Board 
(Norway). 

African Diaspora Mathematicians Program: This program ran as a pilot in 
Africa for two years (May 2017 to June 2019) and offered three partnerships to 
be established between a mathematician originally from Africa and now living 
and working outside Africa and a mathematics department based in Africa. 
Individual Research Visits
Abel Visiting Scholar Program: Financed by the Abel Board, this program sup-
ports young mathematicians professionally based in developing countries to 
visit an international research collaborator for a period of one month. 

IMU-Simons African Fellowship Program: Financed by the Simons Founda-
tion (US), this program supports research visits for mathematicians from African 
developing countries employed in Africa to travel to an internationally known 
mathematical center of excellence (worldwide) for collaborative research. 

Individual Research Travel Program: This program supports travel costs of 
mathematicians based in developing countries for research visits to an interna-
tional center of excellence for a period of at least one month. The program is 
partially supported by donations of the Japan and Swiss Mathematical Societies.
Graduate Support Programs
IMU Breakout Graduate Fellowship Program: This program is described in the 
article.

Graduate Research Assistantships in Developing Countries Program: GRAID 
provides research assistantships to graduate students of emerging research groups 
with an ongoing collaboration with an international mathematician. The pro-
gram is funded by voluntary donations from mathematicians or mathematical 
institutions worldwide, in particular by donations received from nearly one 
thousand AMS members through their annual voluntary contribution to IMU 
activities. The AMS provides administrative support for the program.4

3IMU members are countries, not individuals. Fees for countries are based 
on a tiered scale. If a country would like to begin to develop its mathemat-
ical culture and has an interest in establishing links to the international 
community, that country can join as an Associate Member of the IMU. See 
https://bit.ly/2JTtfDU.

4Information about other CDC activities, such as the Library Assistance 
Scheme, and more details of each program can be found at https://www.
mathunion.org/cdc. The Notices would like to thank Olga Gil-Medrano 
for her help with the CDC programs.
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of the scholarship ends with one student. The 
hope of the IMU and our fellowship is that if 
these students study in centers of excellence in 
the developing world, then they are more likely 
to return to their home countries and help ed-
ucate the next generation of mathematicians. 
We felt that here, relatively little money had the 
potential to have a big impact. [6] 

The FIMU and the World Academy of Science (TWAS) 
assist the IMU with the Breakout Graduate Fellowships. In 
particular, TWAS administers the Fellowship awards.

It seems only fitting that the IMU announced the Break-
out Graduate Fellowships on August 12, 2014, at the CDC 
symposium Mathematics in Emerging Nations: Achieve-
ments and Opportunities at the International Congress of 
Mathematicians in Seoul, Korea. The IMU designed this 
one-day “satellite event” at the Seoul ICM to call attention 
to “mathematical activities and young talent in developing 
countries” [1, p. 15]. Sharing the goals of the IMU, the 
South Korean Organizing Committee raised funds to invite 
1,000 mathematicians from emerging nations to attend the 
2014 ICM. The combined message of these initiatives by 
various groups of mathematicians underscores the value of 
collaborative efforts to cultivate and advance mathematical 
talent in general and in developing countries in particular. 

Since the time of the inaugural awards, subsequent 
Breakthrough Prize winners in mathematics—Ian Agol 
(2016), Jean Bourgain (2017), James McKernan (2018), 
Christopher Hacon (2018), and Vincent Lafforgue (2019)—
have also contributed to the endowment, which now 
totals $900,000.6  The Fellowship provides tuition, travel 
expenses to the host institution, accommodation, and 
basic living expenses up to $10,000 (US) per year for at 
most four years. The IMU awarded the first Breakout Grad-
uate Fellowships in 2016. These initial fellowships were 
awarded to Do Thai Duong, a Vietnamese PhD student at 
the Institute of Mathematics of the Vietnam Academy of 
Science and Technology; María Alejandra Ramírez Luna, 
a Colombian PhD student at the Universidad del Valle, 
Colombia; and Abebe Regassa Tufa, an Ethiophian student 

so few students interested in mathematics, losing even a 
single student has a dramatic effect on the emerging math-
ematical communities. 

Despite identifying these vast needs for developing 
countries, the IMU remains a small, underfunded orga-
nization dependent on many volunteers [1, p. 27].5 Not 
surprisingly then, in its outline of possible future actions, 
The IMU in the Developing World: Past, Present and Future in-
cludes, among other suggestions, incorporating fundraising 
as part of the mission of the IMU [1, p. 28].

Interestingly, in June of 2014 the inaugural Break-
through Prizes in Mathematics were announced. These 
prizes form part of the broader group of Breakthrough 
Prizes that “honor important, primarily recent, achieve-
ments in the categories of Fundamental Physics, Life  
Sciences and Mathematics” [2]. Sergey Brin, Anne Wojcicki, 
Pony Ma, Yuri and Julia Milner, and Mark Zuckerberg and 
Priscilla Chan sponsor the general Breakthrough Prizes. 
Mark Zuckerberg and Yuri Milner founded the Break-
through Prizes in Mathematics, which reward “significant 
discoveries across the many branches of the subject” [3]. 
The five inaugural winners in mathematics included 
Richard Taylor of the Institute for Advanced Study, Simon 
Donaldson of Stony Brook University and Imperial Col-
lege London, Maxim Kontsevich of Institut des Hautes 
Études Scientifiques, Jacob Lurie of Harvard University, and  
Terence Tao of University of California, Los Angeles. Each 
mathematician received a monetary prize of $3,000,000. 

With this generous award, the Breakthrough Prize re-
cipients gave thought to how to use some of the funds to 
advance mathematics. The five winners decided they could 
achieve the greatest influence by combining their efforts. 
They were ultimately persuaded by Ingrid Daubechies, then 
president of the IMU, who had written to them about the 
importance of supporting graduate students studying in 
the developing world. Each mathematician contributed 
$100,000 to create an endowment for the IMU “Breakout 
Graduate Fellowships.” Designed to support students in a 
developing country pursuing a PhD in the mathematical 
sciences, these fellowships aim to educate the next gener-
ation of mathematicians. As Breakthrough Prize winner 
Richard Taylor described it, 

[t]raditionally, support for mathematics in the 
developing world has consisted mainly of schol-
arships for highly talented students to study in 
Europe or North America. Such students rarely 
return to their home countries, so the impact 

5In his remarks as incoming president of the IMU, David Mumford  
(in)famously noted the financial stature of the IMU as an asset when 
he remarked that “[w]hen I got involved in the Executive Committee,  
[Jean-Pierre] Serre told me what he considered the two secrets of its success. 
First, no one was ever nominated to the Executive Committee who wanted 
the job; second, the IMU has no money to speak of” [7]. 

6See https://bit.ly/2EMkpUj. Any supporter of mathematics can contribute 
to the endowment. Other Breakthrough Prize winners have contributed to 
scholarship programs. In September 2018, for example, Jocelyn Bell Burnell 
won a special Breakthrough Prize in Physics for her discovery of pulsars. (Her 
graduate advisor Anthony Hewish won the Nobel Prize for her discovery 
in 1974.) Although Burnell said she was “delighted” to receive the special 
Breakthrough Prize, she would not be keeping any of the award money. 
“I don’t need a Porsche or Ferrari,” she said. “I don’t have an affluent 
lifestyle.” Instead, the funds will go to creating scholarships for women, 
underrepresented minorities, and refugees who want to study physics. The 
funds will be administered by The Institute of Physics (IoP) for the UK 
and Ireland. “I reckon I discovered pulsars in large part because I was a 
minority person [at Cambridge],” she said. “And I have a strong suspicion 
that other minority people might have similar feelings and work equally 
hard and discover things” [4].
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who completed his PhD in June 2018 at the Botswana In-
ternational University. Tufa is the first Breakout Fellowship 
recipient to complete his PhD. He studied analysis and 
completed a thesis on "Approximating Solutions of Fixed 
Point, Variational Inequality and Hammerstein Type Equa-
tion Problems.” He has returned to the University of Bahir 
Dar in his home country of Ethiopia to assume an assistant 
professor position.7 The IMU issued its second call for the 
Breakout Graduate Fellowship Program in February 2019. 
The call invites professional mathematicians to nominate 
motivated and talented students from developing countries 
who plan to pursue a PhD in a developing country.8 

Concluding Thoughts:  
“Mathematics Is a Community”
Clad in a blue checked shirt for the video commemorating 
his Breakthrough Prize, Richard Taylor chose four powerful 
words to summarize mathematics: “Mathematics is a com-
munity.” While Taylor no doubt meant to capture many 
aspects of the discipline with his statement, his succinct 
assessment of mathematics perfectly describes the pro-
cess involved in establishing the IMU Breakout Graduate 
Fellowships. Marshall Stone’s emphasis on a truly inter-
national community formed the broader contours for the 
new International Mathematical Union in the early 1950s. 
In the 1970s, a veritable who’s who of mathematicians 
began to consider mathematics in developing countries 
at the request of the IMU. Those explorations continued 
in various forms over the intervening years, and, in 2014, 
with Ingrid Daubechies as president, the IMU issued a 
comprehensive report summarizing the then current state 
of affairs on mathematics in developing countries. The 
seemingly unrelated event of Yuri Milner and Mark Zuck-
erberg’s inaugural Breakthrough Prizes in Mathematics 
with their generous cash awards also occurred in 2014. 
The IMU, the Breakthrough Prizes, the inaugural winners 
in mathematics, and mathematics in developing countries 
became unexpectedly and inextricably linked with the 
introduction of the Breakout Graduate Fellowships. This 
extraordinary outcome spanning decades, countries, aca-
demics, and industry underscores the collaborative nature 
of the discipline not only for creating mathematics but also 
for creating opportunities in mathematics.

7 For an interview with Tufa by Olga Gil-Medrano, a member of the  
Director’s Board of FIMU and Secretary for Policy of the IMU-Committee 
for Developing Countries, see https://bit.ly/2EMkpUj.
8 For more information on the call and the nomination process see https://
bit.ly/2Vt7igA.

Della Dumbaugh
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EARLY CAREER
The Early Career Section is a compilation of articles that provide information and suggestions for graduate students, 
job seekers, early career academics of all types, and those who mentor them. Angela Gibney serves as the editor of this 
section. Next month’s theme will be work-life balance.

and hang out together (think about the Avengers and the 
Justice League). All joking aside, developing relationships 
with experts in your field can be extremely beneficial, espe-
cially for the evolution and progress of one’s research and 
for finding a job early in one’s career.

Let us first talk about how to find an expert in your 
research field. It can be a person who came up with the 
conjecture you are working on, or a person who has solved 
a related problem, or someone whose work you want to 
study in detail. It might sound easy to track down such 
a person, but in reality it might not be that simple for a 
beginning graduate student to figure out who such people 
are. In this case do not forget your advisor, who in a sense 
is the first expert you will ever encounter. Your advisor can 
certainly guide you to a number of experts in the outside 
world. Similarly, former students of your advisor can also 
be a natural option to consult first. After identifying one 
expert, you may reach out to more experts from there, just 
like a snowball effect.

After locating an expert, how do you initiate contact? 
Well, you might be concerned about disturbing a senior 
mathematician even by email, or you might be afraid of 
introducing yourself to a famous speaker at a conference. 
No worries—let math speak for you. To make a (perhaps 
inappropriate) analogy, if this were a blind date, then math 
would be your mutual acquaintance. For example, if you 
post a paper on arXiv, you may alert a group of experts 
about it and write to them to ask for comments. If you read 
a paper and are confused on some points, after seriously 
thinking to avoid asking trivial questions, you may email 
the author(s) for further discussion. If you hear an interest-
ing seminar talk, you may raise some questions afterwards 
or chat with the speaker at the seminar dinner.

Just like developing any kind of relationship, occasion-
ally you might be disappointed if nothing useful happens 
from the expert you contact. But more often than not you 
will receive an encouraging response with enlightening 
suggestions. Even better, you might be invited to give a 
seminar talk about your work and communicate with the 
expert in person. Such communication can very likely be 
the starting point of a new project or a new collaboration 
in your career. Disseminating your research to other people 
in the field can only help and never hurt.

One cannot interact with experts every day: Most of 
your time is spent thinking on your own and working 
independently. When should you contact them? A natural 

1Dawei Chen, who wrote this article, is an associate professor in the Depart-
ment of Mathematics at Boston College. His email address is dawei.chen@
bc.edu. During the preparation of this article he was partially supported by 
an NSF CAREER award and a von Neumann Fellowship at IAS.

For permission to reprint this article, please contact: reprint-permission 
@ams.org.
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Mentoring
Developing Relationships 
with Experts1

Have you ever had the impression that a mathematician 
should be a lonely superhero who conquers all challenges 
by their own strength? Have you heard that a good math-
ematician should not be very social? There certainly are 
legends from long ago, where things could be like that 
(before computers, phones, and planes), but nowadays 
the great superheroes are known to rely on one another 
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2Bernd Sturmfels, who wrote this article, is a director at the Max Planck 
Institute for Mathematics in the Sciences at Leipzig, Germany; professor 
of mathematics, statistics, and computer science at UC Berkeley; and an 
honorary professor at TU Berlin and Leipzig University. His email address 
is bernd@mis.mpg.de.

DOI: https://dx.doi.org/10.1090/noti1924

Adventures in Mentoring2

I started mentoring students and postdocs thirty years ago 
as a young assistant professor at Cornell. This continued 
after I moved to Berkeley in 1995, and I now enjoy work-
ing with young scholars in Germany. I always thought of 
mentoring as one of the best parts of my job.

With these notes, I’d like to share some anecdotes and 
experiences. These might be useful for colleagues who are 
starting their first tenure-track jobs and will perhaps be 
entertaining and thought provoking for all readers. Before 
beginning, I would like to use this opportunity to thank all 
my students and postdocs. I learned a lot from you. Please 
continue to teach me.

 • Doing the Opposite. My first PhD student was older and 
more experienced. He came to my office once a week, 
for an entire afternoon, asking me for my advice on his 
research. I eagerly offered my advice. After leaving he did 
precisely the opposite of what I had suggested. The same 
happened the following week. I recommended A; he did 
not-A. The same events, week after week. I was puzzled. 
Is that what it meant to be an advisor? The answer is 
yes, for this particular student. Having already made up 
his mind on what to do, he just needed me to test his 
ideas. And to debate. He became a successful professor 
at a top institution.

 • A Threat. It did not go so well with another student. 
One day, he messed up badly in presenting some ma-
terial in a graduate seminar. I told him what I thought, 
right then and there. He was extremely upset because 
he felt humiliated in front of his peers. He threatened 
to shoot me if I ever did this again. I learned my lesson 
and decided to be more respectful.

 • Finding Good Students. Don’t ever compare students at 
your current institution with yourself, from back when 
you were a grad student. Most students are capable 
and motivated. Don’t worry so much whether they are 
“good” yet. It is your job to help them become good.

 • Being an Imposter. When I was a postdoc, I could not 
believe my luck. Someone paid me for what I loved 
doing. But how come they missed that I was not quali-
fied for the job? That worried me. I was sitting in semi-
nars and did not understand. I went to the library, and 
the math books were incomprehensible. But everyone 
else seemed on top of it. I decided to wait and see. Surely, 
some day they’ll discover that I am a fraud. But this has 
not happened yet.

time to reach out to experts is of course when you finish 
a project and can share the results. By sending your work 
to people and talking to them about it, new avenues on 
which to travel toward next projects can become apparent.

Perhaps the most crucial moment to reach out to other 
researchers is when you are about to start looking for jobs 
in academia. As a fresh PhD, probably your name is little 
known in the field. But you can change the situation by 
informing relevant experts about your thesis results and 
inquiring about job information at their institutions along 
the way. Moreover, if your advisor can help advertise your 
work, that can also be quite useful. If a member of a hiring 
committee knows about your work, it can significantly 
increase your chance of getting the job.

As in any relationship, one needs to be thoughtful. 
Time is precious to everyone. Do your homework and fully 
prepare before talking to an expert. If you ask a question 
via email, make sure to formulate it concisely. If a con-
ference speaker can meet you for only an hour, think in 
advance how to use this time slot: Which results do you 
want to mention? How can you explain them concisely? 
What questions would you plan to ask? Would you like 
to focus on technical details or get a sense about general 
ideas? This kind of preparation can also be good training 
for you to summarize your past research and figure out 
future directions.

As a concluding remark, one should not network for the 
sake of networking. Developing relationships with experts 
is like watering and fertilizing your career, but the foun-
dation beneath everything is still your own mathematical 
achievement.

Credits
Author photo is courtesy of the author.

Dawei Chen
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The mentor makes a huge difference. Lead by example. 
And make them read aloud the writings they produce.

 • On Lecturing Well. Almost all mathematicians end up 
in careers where they must give clear and persuasive 
presentations. This is obvious for teachers and profes-
sors, but it also applies to those working in industry or 
government. Nobody is born a good lecturer. Practice 
makes all the difference. I discovered that some of the 
best-prepared incoming PhD students were on the de-
bate team back in their high school. We all need to train 
with the debate team.

 • On Coding Well. To me, our cell phones are super-
computers. All of us spend most of the day performing 
heavy computations with these machines. But many 
young mathematicians are still afraid of using software 
for their mathematics research. Help your mentees to 
overcome that reluctance and to make friends with tools 
like Julia, Macaulay2, Magma, Maple, Mathematica, 
Matlab, OSCAR, R, SAGE, etc. Do admire the output of 
their computations.

 • Listening. Prospective graduate students recently vis-
ited Berkeley. Before the visit day, my current students 
were asking me, “What should we tell them?” I replied, 
“Nothing, just listen to them.” At all stages of mentoring, 
listening is often more beneficial than telling things.

 • Being a Scholar. There are many ways to become a 
scholar. Here are two points I recommend to my men-
tees. First, learn about mathematics. Here is a good 
exercise: for each of the two-digit numbers xx in the 
Mathematics Subject Classification, from “03 Logic” to 
“94 Information and Communications,” state in your 
own words what xx is about. Name one person you know 
who works in xx. Second, find out about the history of 
your specialty. Read papers that were written more than 
100 years ago. Don’t fear foreign language sources.

 • Matchmaking. After we got married in 1990, my wife 
and I traveled Korea by car. On a country road we picked 
up a hitchhiker, an old lady who was a professional 
matchmaker. When she learned that my wife and I had 
not used a matchmaker, she was shocked: how was it 
possible for us to meet in Seattle without the services of 
her profession? That old lady had a good point. Match-
makers are useful. That is why I am a matchmaker for 
doing mathematics. I connect my mentees to collabora-
tors. Many good matches have come from this.

 • Language acquisition. I believe the phrase “Good 
things happen to those who show up.” Encounters can 
be planned or circumstance. But if you don’t show up, 
then you will miss out. Students are hesitant to attend 
colloquia because they don’t understand anything (like 
all imposters). But think of this as a foreign language 
immersion class. Just keep going. A few months later 
you will understand and speak. One colleague recom-
mended uttering unfamiliar words over and over again. 
One learns their meaning by gauging the reaction of 

 • Fordern und Fördern. This is a phrase in German that 
my father liked to say. It is composed of two verbs and 
translates roughly into “demand and encourage.” I have 
been awfully demanding towards my mentees, but I 
also strongly encourage them. Try to read that German 
phrase aloud. Pay attention to the umlaut. It sounds 
pretty nice, doesn’t it?

 • Follow the Child. When my children entered preschool, 
I learned about Maria Montessori’s famous line “Follow 
the Child.” She was absolutely right. You have to trust 
your children. They will show you what they need. You 
should likewise trust your students and postdocs.

 • Questions. Here are questions I ask mentees when we 
first meet. What do you excel at? Do you enjoy teaching? 
What have you written lately? What is the difference 
between pure and applied mathematics? Do you like to 
compute? Where will you be ten years from now?

 • A Path Forward. Inexperienced professors like to say, 
“I’ll just give it to a student” when referring to loose 
ends from their past research publications. This almost 
never works. You’d better solve your own problems. Your 
students are either unable to do it, or they will choose 
their own problems. Instead, show your students a path 
forward. Their own path, not yours.

 • Excellence through Diversity. Some people believe 
that there is a conflict between fostering diversity and 
striving for academic excellence. I found the opposite 
to be true. True excellence is inclusive. If you wish to 
train students and postdocs for academic careers at top 
research schools, then my advice is to build a diverse, 
inclusive, and supportive team.

 • Gender. Another lesson I learned from Montessori pre-
school: “Everyone has their gifts and challenges.” This 
applies to all learners, including you and me. Some-
times people ask how I became so successful in training 
outstanding female mathematicians. I already revealed 
two of the secret ingredients: Respect and encourage-
ment. These two go a long way. Try to learn who your 
mentees really are. Gender, gender identity, and sexual 
orientation matter.

 • Phase Transition. The research seminar or group meet-
ing can be a tough place for young scholars. Tone and 
atmosphere are tremendously important. I found that 
active participation by women and members of other 
underrepresented groups makes a huge difference. 
There is a threshold in their participation rate, around 
30 percent in my empirical experience, at which a phase 
transition occurs. Above that threshold, seminars are fun 
and productive for everyone.

 • On Writing Well. I often recommend William Zinsser’s 
classic book with that title. But there are also good texts 
on mathematical writing. Writing a dissertation is writ-
ing. Writing research papers is writing. Writing job appli-
cations is writing. Writing grant proposals is writing. The 
importance of writing skills cannot be overemphasized. 
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I am not quite sure how I successfully navigated the 
stormy seas that defined my early career in mathematics. 
What I do know is that I am now fifty-one years old, and 
I have enjoyed a privileged career as a research mathe-
matician. I have had the pleasure of advising thirty PhD 
students, with most assuming postdoctoral positions at 
top Group 1 institutions. Furthermore, I am proud of the 
fact that mathematics continues to play a central role in 
their daily lives.

How did I make it? Good question. I do know that I 
needed the strong support of mentors who kept me afloat 
along the way. You might know their names: Paul Sally, 
Basil Gordon, and Andrew Granville. I learned a lot from 
these teachers, and I hope that I have been able to pass their 
wisdom on to my students of all ages.

Graduate school is hard! It is the place where students 
become leading experts instead of mere regurgitators of the-
orems. It is the place where doubt is meant to be replaced 
by confidence and achievement. This transformation is 
the result of hard work and luck. As a mentor, I now un-
derstand that one can succeed in our profession in many 
ways. Some students are whip-smart problem solvers (think 
Putnam Fellows and IMO medalists). Some students have 
a thirst for knowledge, learning everything they can. Some 
students have the gift of creativity. Some students have a 
knack for transporting important ideas from one subject 
to another. Some students have the ability to ask the right 
question at the right time. Of course, some students simply 
work very, very hard. 

My job as the mentor is to figure out the skills that 
a mentee has and then to craft a research plan that best 
matches these skills. This includes steering students away 
from problems that are not a good match. This plan is 
something like a covenant. My students know that I am 
there for them when they are struggling. They also know 
that I will celebrate with them when they triumph. 

Advising a PhD student is an awesome experience. It isn’t 
quite like raising a child, but I do recognize that I have a 
responsibility to do my best to guide a young person who 
has placed great faith in me. Although I am not quite sure 
how I earned the right to advise students, I hope that when 
my career is over that I will be remembered for taking the 
role of advisor very seriously.

Credits
Author photo is courtesy of the author.

the listeners. Like a toddler. He said he tested this when 
he was a PhD student. He wanted to know what “ho-
lomorphic vector bundle” means. So, he went to the 
math lounge and repeated those three words over and 
over again. Now he is an expert in complex geometry.

 • Waking up to Email. Every mentor has a different style. 
So does every mentee. A while back, PhD students at 
Berkeley complained that they do not get enough at-
tention from their advisors. My students think that they 
receive too much attention from their advisor. A friend 
once referred to my style as “the samurai method.” It 
involves a barrage of emails, usually sent between 4am 
and 5am. While this is fine for some, it does not work 
for others.
In the bullets above, I shared some perspectives and 

anecdotes on mentoring. It is most definitely not meant 
as a “how to” manual. There are many ways for you to be a 
terrific mentor. Make yourself available to young scholars. 
Help them in finding their perfect match.

Credits
Author photo is courtesy of the author.

Mentoring Graduate 
Students: Some 
Personal Thoughts3

My complex analysis teacher in college told me that I didn’t 
have the “smarts” for math. He strongly encouraged me to 
consider a career in banking. In graduate school, I failed 
my first qualifying exam. After defending my PhD, I applied 
for more than 150 academic positions, and I didn’t get a 
single bite. Perhaps out of pity, I was eventually offered a 
one-year visiting position with a high teaching load at a 
research university. I had been prepared to accept a position 
teaching high school algebra at a local community college.

Bernd Sturmfels

3Ken Ono, who wrote this article, is Asa Griggs Candler Professor of 
Mathematics at Emory University and a vice president of the American 
Mathematical Society. His email address is ken.ono@emory.edu.

DOI: https://dx.doi.org/10.1090/noti1925

Ken Ono
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No Champing at the Bit
Ignore the administrators’ emphasis on “time to degree.” 
There’s no hurry to file your dissertation. Students who are 
leaving a program and applying for positions are judged in 
large part by their list of publications. It’s best to have more 
than one substantial piece of research already completed 
before leaving graduate school and perhaps even more 
important to have additional projects in the pipeline before 
beginning a position that involves professional activities 
that compete with research.

Conclusion
Did I mention that there’s no need to rush? Your PhD 
program is an opportunity to explore, experiment, and 
broaden your base of expertise. If you are leaning toward 
a career outside academia, you may want to think about 
the skills that you’ll need in your future workplace. Fore-
most among those skills is communication—being able to 
identify a mathematical problem from a description that 
is not couched in technical language and being able to 
explain your own work to colleagues who are not trained 
in rigorous mathematical thinking. Be sure to have some 
fun. Fifty years from now, you may find yourself recounting 
your adventures to budding mathematicians who are about 
to start their graduate work.

Credits
Author photo is by Kate Awtrey, Atlanta Convention Photog-

raphy.

Some Advice for Early-
Career Graduate Students4

You are about to read an advice column on graduate study 
from a writer with deep experience in the matter. Once, long 
ago, I was a graduate student—I was a rising first-year PhD 
student at Harvard almost exactly a half-century ago. A few 
years after I finished my PhD, I began mentoring graduate 
students at UC Berkeley. To date, I have been the official 
advisor of about two dozen students. In addition, I have 
served a term as graduate director in my department; in 
that role, I advised dozens of beginning graduate students 
on strategies for choosing an advisor and beginning work.

We all have different perspectives, and no piece of advice 
will be useful for everyone. Nevertheless, I hope that the 
comments that I am about to make will be helpful to at 
least some of you. For those of my readers who are looking 
for an executive summary, here’s the main point: when 
you’re an early-career mathematician, don’t be in a rush.

Shop Around
Take your time when selecting an advisor. Perhaps the ma-
jority of first-year students in math PhD programs have very 
narrow ideas about what they’d like to pursue. Even if you 
are nearly certain about what you’d like to study and who 
your advisor is likely to be, I urge you to keep an open mind 
and explore the resources that your new department offers. 
In my department, students often find new directions after 
speaking with advanced graduate students, attending a 
seminar talk, or enrolling in a topics course. It is extremely 
common for students to become excited about subjects that 
were not represented in their undergraduate institutions.

One reason behind my suggestion about shopping 
around is that most of us are lopsided in our talents and 
interests. Wait until you find an advisor whose research 
matches your mathematical strengths and whose person-
ality and work habits seem compatible with yours.

Don’t  Be Too Specialized
Chat about mathematics with several faculty members, 
even after you’ve begun working with an advisor. It is a 
mistake to conclude that working with Professor X pre-
vents you from talking shop with Professors Y, Z, and W. 
Odds are that there will be other faculty members in your 
department who are interested in your research topic. In 
addition, discussing mathematics with people outside your 
specialty will give you broad exposure to contemporary 
mathematics.

4Ken Ribet, who wrote this article, is professor of mathematics at the 
University of California, Berkeley, and the immediate past president of the 
AMS. His email address is ribet@math.berkeley.edu.

DOI: https://dx.doi.org/10.1090/noti1926

Ken Ribet
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on your own, since there are no bridges between the high 
schools and the universities any longer. You will want to 
learn whether they administer the AMCs, meaning the AMC 
10 for students in grades 10 or below and the AMC 12 for 
students in grades 11 and 12. You should know that there 
is an AMC 8 also; it is relatively new, and it is designed for 
grades 8 and lower at the middle schools. You may want to 
pay a visit to the local middle schools too in order to learn 
whether they administer the AMC 8. If the schools in your 
area don’t register for the AMC, you will want to encourage 
them to do so. Ideally, every school should be registered 
for the AMC, since one doesn’t know where there might be 
a student of rare mathematical talent. To convince them, 
you will need to learn about the AMC via the website of the 
MAA.7 If they are already taking the AMC, you might want 
to learn about the results and seek the most outstanding 
contestants. They might need some guidance and mentor-
ing in order to develop their talents to the fullest.

Alternately, you might want to organize a Mathematics 
Day for the high schools in your area and invite to it teams 
of four to six students, along with a mathematics teacher 
sponsoring them. That’s what I did, organizing a full day of 
activities for them, including a mathematical competition 
for the students. We offered scholarships to the winners, 
and hence it was viewed as a tool for recruitment, and the 
various departments of engineering put up demonstrations 
to attract the students to their fields. We treated the students 
to lunch in the cafeteria and the teachers to lunch in the 
faculty dining room, while the mathematics faculty was 
busily grading the solutions submitted by the students. We 
made the award ceremony festive, giving trophies and book 
prizes to the winners, along with certificates to all partic-
ipants. Some years I also organized a BUZZ competition, 
a Jeopardy-like rivalry, or a Rubik’s cube contest to lighten 
the spirit, to gain some more time for the selection of the 
winners, and as a form of entertainment.

Over the years, I used various formats for the competi-
tions but insisted on well-written, essay-type solutions for 
at least some of the problems. Their grading was definitely 
more demanding, but more rewarding too since the stu-
dents often found unexpected ways to solve the problems, 
which were at times more elegant than the “official” solu-
tions prepared by me. Which brings me to the creation 
and selection of the problems, which I always regarded as 
one of the most demanding and yet most enjoyable parts 
of my involvements.

A problem is distinguished from an exercise in that it 
requires a non-routine application of the tools of math-
ematics. To solve a problem, one must have at least one 
clever idea or even two if the problem is difficult. To create 
such problems requires an inquisitive mind and is akin 
to doing research in mathematics. Some problems may 
in fact be byproducts of one’s research or easier versions 

Working with High School 
Mathematics Competitions 
and Mentoring Students5

Those of you who had an opportunity to hear and/or 
read the recent NPR report about me6 might be misled 
by the title, expecting a list of criteria that might qualify 
one to become not just a mentor but a successful one too. 
Unfortunately, I can’t give a complete list of the necessary 
requirements for such an accomplishment. Moreover, I will 
be the first to admit that my own successes were mostly 
accidental—being at the right place at the right time and 
doing the right things most of the time. Nevertheless, I 
want to recommend mentoring as a form of teaching, 
which became a form of public service in my case, since 
most of my mentoring was done in addition to my regular 
teaching duties. In fact, most of my mentoring was done 
to students at the high school level while I was teaching at 
the university level.

When a faculty member is considered for retention, ten-
ure, promotion, and salary increases, usually three aspects 
of his or her performance are evaluated: teaching, research, 
and public service. Depending on the school, either teach-
ing or research is given more emphasis, while public service 
is often limited to committee work within the school or the 
department. Of course, working on editorial boards, serving 
as a referee of papers, and writing reviews fall into the same 
category, as well as serving in various roles in professional 
societies. I want to advocate that working on programs for 
talented high school students should be considered just as 
important and credible.

It is a natural question: Why should a teacher at the 
college/university level work with high school students? 
The answers are complex and depend greatly on local 
conditions. On the one hand, one should note that the 
preparation of the American Mathematical Competitions 
(AMC) is done by several committees of one of the sister 
organizations of the AMS, the Mathematical Association of 
America (MAA). In fact, the AMS supports the competitions 
of the MAA; hence it is natural for its individual members to 
do the same. On the other hand, once we identify students 
with exceptional mathematical talent, it becomes our moral 
obligation to help them develop those talents.

More specifically, what can you do? For starters, you 
can familiarize yourself with the high schools in your part 
of town, pay a visit to them, and maybe meet some of the 
teachers of mathematics there. Unfortunately, you will be 

5George Berzsenyi, who wrote this article, is professor emeritus at Rose-Hul-
man Institute of Technology. His email address is gberzsenyi@gmail.com.
6https://n.pr/2UEVMSM

DOI: https://dx.doi.org/10.1090/noti1927 7https://bit.ly/2wkzjuV
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of problems posed in mathematical journals. Prior to the 
competition you might want to challenge your colleagues 
to create and recommend some problems to you. It is 
important to have a pool of close to three times as many 
problems as you will need.

Selecting the most appropriate problems is an extremely 
important task, since you want to balance difficulty levels, 
vary topic areas, and make sure that the problems are ex-
citing enough for the students. They should want to talk 
about them to one another after the contest the same way  
one hums and whistles the songs of an enjoyable musical 
after leaving the performance. They should all have some 
measure of success even if they can solve only two or three 
of the five problems posed. On the other hand, no one 
should manage to wiggle his way into the circle of the top 
winners simply on the basis of partial credit. The winners 
should be those who had bright ideas and knew how to 
apply them. They will be your candidates for mentoring.

Once you are good at problem posing, you might con-
sider posing problems for the AMC. The MAA is always 
interested in strengthening its committees in charge of the 
competitions, which also include the American Invitational 
Mathematics Exam, which is of special interest to me. 
Once you get involved with various competitions, summer 
institutes, talent searches, mathematical circles, science 
fairs, and other worthy programs, you will find many more 
talented students surfacing and needing your help in the 
development of their talents to the fullest. Mentoring them 
is probably the highest level of public service possible. It is 
also the most satisfying.

Credits
Author photo is courtesy of the author.

George Berzsenyi

Applications are invited for:-
Department of Mathematics
Assistant Professor
(Ref. 1900015R) 
Founded in 1963, The Chinese University of Hong Kong (CUHK) is a forward-
looking comprehensive research university with a global vision and a mission to 
combine tradition with modernity, and to bring together China and the West.
The Department of Mathematics in CUHK has developed a strong reputation 
in teaching and research. Many of the faculty members are internationally 
renowned and are recipients of prestigious awards and honours. The graduates 
are successful in both academia and industry. The Department is highly ranked 
internationally. According to the latest rankings, the Department is ranked 28th 
in the QS World University Rankings and 31st in the US News Rankings.
The Department is now inviting applications for a faculty post at Assistant 
Professor level. Applicants should have a relevant PhD degree and good potential 
for research and teaching. Those with outstanding research accomplishments 
and great enthusiasm for promoting fundamental mathematics, especially for 
Algebra and Algebra related fi elds, are encouraged to apply.
Appointment will normally be made on contract basis for up to three years 
initially commencing January 2020, which, subject to mutual agreement, may 
lead to longer-term appointment or substantiation later.
Applications will be considered on a continuing basis until the post is fi lled, 
but applicants are encouraged to apply by September 30, 2019.
Application Procedure
The University only accepts and considers applications submitted online 
for the post above. For more information and to apply online, please visit 
http://career.cuhk.edu.hk.
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The Functioning of the IDM
While mathematical research is mostly published in En-
glish, outreach activities and school education take place in 
local languages. This is a challenge for the IDM. Hence the 
centralized website of the IDM at http://www.idm314.
org will be in several languages. It will be administered by 
IMAGINARY.1 All organizers of celebrations around the 
world will be invited to post their activities on the IDM 
website and to include a link to their website for more 
details. The logo representing the decimals of π (see Figure 
2) will be produced in several languages, and organizers 
will be invited to use it.

The IDM is administered by an IDM Governing Board 
(IDMGB) that I am chairing. Our Governing Board has 
the task of choosing the theme of the year. The (nonman-
datory) theme is announced in advance, and related open 
source material will be made available on the IDM website. 
This will include curriculum enrichment activities and also 
material for activities to do with the public.

The IDMGB is responsible for making the IDM known 
in all regions of the world. It will also prepare the official 
launch at the UNESCO headquarters in Paris. In practice, 
since March 14, 2020, is a Saturday, this launch will take 
place on Friday, March 13, 2020.

The International Mathematical Union (IMU) is leading 
the project of having UNESCO proclaim March 14 as the 
International Day of Mathematics (IDM). The project was 
adopted by the Executive Board of UNESCO at its 205th 
session in October 2018. The proclamation of the IDM is on 
the agenda of the 40th session of the General Conference 
of UNESCO in November 2019. If adopted by the General 
Conference, the first official celebration will take place on 
March 14, 2020. The choice of the date of the IDM was done 
after consulting the IMU members. March 14, also called 
Pi Day, is already celebrated in many countries around the 
world and was proposed by many members. Moreover, the 
date was convenient for all regions of the world.

International Day of 
Mathematics
Christiane Rousseau 

Christiane Rousseau is a professor of mathematics at Université de Montréal, 
Montréal, Canada. Her email address is rousseac@dms.umontreal.ca. 

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

DOI: https://dx.doi.org/10.1090/noti1928

Figure 1. A girl from Kigali at an exhibition of IMAGINARY in 
2017.

Figure 2. The IDM logo.

1 https://imaginary.org
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Mathematics is everywhere in our daily life.
 • Mathematics inspires artists and musicians: symmetries, 

tilings, fractals, elegant curves and surfaces; patterns, 
scales, and sounds in music.

 • Mathematics is helpful in games of strategy, from back-
gammon or chess to solving a Rubik’s cube.

 • Mathematics is useful in budgeting.

Tell me about some activity or area and I will tell you where 
mathematics is.

 • Mathematics is behind the functioning of GPS.
 • Mathematics is behind the software of our smartphones.

An Invitation
Everyone is invited to spread the word about the IDM to 
her or his network of contacts. Start thinking about the 
theme and how you can celebrate it in your classroom or 
with the public. The enthusiasm is great around the world. 
Some countries could not wait till 2020 to start celebrating 
(see Figure 3).

Mathematics Is Everywhere
“Mathematics Is Everywhere” is the chosen theme for 2020. 
This very broad theme reaches all of the public, regardless of 
age, with a wide spectrum of messages. It will be presented 
with some explanations that could be used as is or could 
stimulate the organizers to build their own examples.

Mathematics is everywhere in science and technology. A few 
examples:

 • The success of Google comes from its brilliant mathe-
matical algorithm.

 • Cryptography for secure communication relies on num-
ber theory.

 • Medical imaging devices like computed tomography 
scan (CT-scan) or magnetic resonance imaging (MRI) 
measure numerical data, and a mathematical algorithm 
builds an image out of them.

 • Artificial intelligence and machine learning are now 
transforming the world: for instance, computer vision, 
automatic translation, autonomous vehicles, etc.

 • The decoding of the human genome is a triumph of 
mathematics, statistics, and computer science.

 • Mathematics was used to create the first photo of a 
black hole.

Mathematics is everywhere in the organization of civilization. 
A few examples:

 • Mathematics is used to optimize transport and commu-
nication networks.

 • Mathematics helps us understand and control the spread 
of epidemics.

 • Statistics and optimization are used in efficient planning 
and managing of health, economic, and social systems.

Mathematics is essential to meet the UN Sustainable Develop-
ment Goals.2 A few examples:

 • Mathematics is a tool for development. Quoting Nelson 
Mandela (June 1990), “Education is the most powerful 
weapon which you can use to change the world.” And 
mathematics is an essential part of education, which is 
necessary for better jobs.

 • Mathematics is used to model global changes and their 
consequences for biodiversity.

 • Optimization techniques and data analysis are needed 
in the move to a sustainable use of the world’s resources.

 • Mathematics education empowers girls and women for 
a better future.

 • Numeracy and scientific literacy help every citizen 
to better understand the challenges facing the world 
around them.

Figure 3. Nepal Mathematics Society started celebrating in 2019.

Christiane Rousseau 

Credits
Figure 1 is courtesy of Bianca Violet.
Figure 2 is courtesy of IMAGINARY.
Figure 3 is courtesy of Nepal Mathematics Society.
Author photo is courtesy of Amélie Philibert, University of 

Montréal.

2 https://sustainabledevelopment.un.org/?menu=1300



Purchase tickets when 
registering for JMM 2020 at: 

jointmathematicsmeetings.org

Discounted 
tickets for        
 students and                       
   children are  
     available!

AMS Social at JMM 2020:
Mathematicians in the Performing Arts

Enjoy performances by the following mathematicians:

Lola Thompson | Aerial Acrobat
Ami E. Radunskaya | Cellist 
David Kung | Violinist 
Chad Topaz | Violist Chambers Grant Salon  

Kevin Taylor’s at the Opera House
Denver Performing Arts Complex

1355 Curtis Street | Denver, CO
O.2 mile walk from the 

Colorado Convention Center

Saturday, January 18
6:00PM–9:30PM

Photos courtesy of Chambers 
Grant Salon – Kevin Taylor’s 

at the Opera House Doors

Your ticket also includes 
dinner from a variety of 

food stations, complimentary 
beer, wine, and soft drinks, 

a photo booth, and the 
chance to connect with 

colleagues on this last 
evening in Denver. 
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MATH OUTSIDE THE BUBBLE

Lagrange, Legendre, and 
Gauss; make pioneering 
contributions to elas-
ticity theory; and tackle 
Fermat’s Last Theorem. 
Even after she became 
the first woman to win 
a contest sponsored by 
the Académie des Sci-
ences, Germain could 
not attend the society’s 
sessions. She published 
her prize-winning essay 
at her own expense.

F r e ya  S m i t h  o f  
Bottle Cap Theatre 
first learned of Ger-
main on an AskReddit 

thread titled “Who’s the most badass woman in history?” 
(https://bit.ly/29jcYlz). Hamilton had sold Smith on 
sourcing storylines from history, but Lin-Manuel Miranda’s 
resurrection of America’s first Secretary of the Treasury from 
the dustbin of history left her keen to identify a female figure 
ripe for a similarly rousing encore. Germain struck Smith 
as a prime candidate. “Her story really stood out to me as 

One Spark Is All You Need: 
Germain Gets the Hamilton 

Treatment
Sophia D. Merow 

Sophia D. Merow is Special Projects Editor and Notices assistant. Her 
email address is merow.notices@gmail.com.
1Nothing Stopped Sophie: The Story of Unshakable Mathematician 
Sophie Germain, written by Cheryl Bardoe and illustrated by Barbara 
McClintock, won the 2019 Mathical Book Prize in the ages 5–7 category. 
See https://bit.ly/2GBFBN8.

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

DOI: https://dx.doi.org/10.1090/noti1930

“Nothing stopped Sophie” reiterates the refrain of Cheryl 
Bardoe’s award-winning1 picture-book account of French 
mathematician Sophie Germain’s persistence in the face of 
obstacle after societally erected obstacle. The Limit, a pop-
rock musical that debuted at London’s VAULT Festival in 
March, likewise highlights Germain’s tenacity in the pursuit 
of mathematical knowledge. 

Taken with mathematics after reading about the death of 
Archimedes in J. E. Montucla’s Histoire des Mathématiques, 
Marie-Sophie Germain (1776–1831) weathered the French 
Revolution holed up in her father’s library poring over 
Newton and Euler, Bézout and Cousin—despite parental 
disapproval of such an unladylike fascination. Though 
the newly opened École Polytechnique denied women en-
trance, Sophie obtained lecture notes and submitted work 
under the name of sometime student Antoine-Auguste  
Le Blanc. Germain would go on to correspond with  

Figure 1. The Limit  premiered at 
London’s VAULT Festival in March.
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Math Outside the Bubble

Shotton, who served as Bottle Cap’s mathematics consul-
tant. “But personally I don’t think that is a problem.” 

Neither Smith nor Williams has a maths degree—they 
studied English and law, respectively—but the pair wrote 
the play’s mathematical content themselves, quoting Ger-
main’s own work directly whenever possible and enlisting 
Shotton to check the draft script for any anachronisms, 
errors, or infelicities. While mathy language (“including 
some dreadful puns featuring Leonhard Euler and Blaise 
Pascal,” Williams warns) pervades the show, Germain’s 

work on the vibrations of 
elastic plates and Fermat’s 
Last Theorem (FLT) are the 
mathematical stars. “The 
wonderful thing about Fer-
mat’s Last Theorem,” ex-
plains Williams, “is that 
although the maths that 
went into trying to solve it 
is incredibly complicated, 
the basic theory that Fermat 
proposed is one that most 
people are able to grasp 
quite easily.”  

To help the audience 
grasp the mathematics, 
Bottle Cap makes it per-
formative, seen as well as 
heard. Sophie gives a math-
ematics lesson on the FLT 
material near the end of 
the show, walking listeners 
through the definition of 
a Sophie Germain Prime 

something that would lend itself to a theatrical retelling,” 
she recalls.

Smith and Bottle Cap co-founder Jack Williams have a 
fresh take on the musical genre. “We want to change the 
minds of people who believe musicals are not for them,” 
the pair writes on their website. They “want to show that 
musicals can educate and politicise.” In addition to the 
modern-day relevance of its heroine’s struggles against gen-
der-based discrimination, Smith recognized in Germain’s 
story moments of comedy. Disguise, for instance, is a trope 
Shakespeare often used to comic effect. “It throws up lots of 
ideas on identity and how it can shift or be manipulated,” 
explains Smith. Comedic elements also enabled Williams 
and Smith to retain a light touch. “It was really important 
for us to create something that didn’t feel preachy,” Smith 
says. “We want our audiences to learn and be moved, but 
we also want them to feel entertained.”

In adapting Germain’s biography for the stage, Bottle 
Cap elided parts of the historical narrative and invented 
others (as was explained on a fact sheet distributed to au-
dience members). While history tells us only that Germain 
adopted Le Blanc as a nom de plume, in The Limit Sophie 
is introduced to Antoine-Auguste as a potential suitor and 
subsequently impersonates him to attend lectures. In re-
ality Germain entered the Académie des Sciences contest 
(see Figure 2) three times before being awarded the prize; 
in The Limit she prevails after entering twice. “With only 
papers and letters to go on, I think it’s inevitable that parts 
[of Germain’s story] will be fictionalised, embellished, and 
simplified,” says Durham University mathematician Jack 

Figure 2. The above shows some of the patterns that emerged during vibrating plate experiments 
conducted by Ernst Chladni. The related Académie des Sciences contest challenged mathematicians 
to “formulate a mathematical theory of elastic surfaces and indicate just how it agrees with 
empirical evidence.”

The Limit’s opening number, “Sparks,” follows Sophie 
as she enters her father’s library for the first time and 
falls in love with mathematics and learning. An excerpt:

HERE WE HAVE THE SCIENCES, I GUESS  
 I’LL TAKE A PEEK  
JEAN-ÉTIENNE MONTUCLA’S HISTOIRE  
 DES MATHÉMATIQUES 

FINDING OUT THE STORY OF THOSE  
 WHO CAME BEFORE ME  
CURIOSITY WILL LIGHT THE WAY! 

’CAUSE ALL IT TAKES  
IS A SINGLE SPARK  
AND THE WORLD GROWS BRIGHTER  
ONE FLAME’S ENOUGH TO NAVIGATE  
 THE DARK  
TO TAKE THE LEAD  
ONE SPARK IS ALL YOU NEED
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inaccuracies that might offend the sensibilities of math-
ematically meticulous viewers. “And I generally consider 
myself to be pretty pedantic in this respect,” he says. Even 
as theatergoers felt the show equipped non-mathematicians 
to appreciate Germain’s accomplishments, they left curious 
to learn more. As Annie Percik put it on FringeGuru, “Maths 
has never been so exciting, or so vibrant.”

Smith and Williams have used The Limit in musical 
theater workshops with inner-city girls at London’s Baytree 
Centre and are developing and extending the script. They 
are also working to produce the soundtrack VAULT view-
ers have been requesting since the March premier. And of 
course, says Smith, they hope to stage future productions. 
“We want to share Sophie’s story with as many people as 
possible!” 

Credits
Figure 1 is courtesy of Bottle Cap Theatre.
Figure 2: Popular Science Monthly Volume 3 [Public domain], 

via Wikimedia Commons.
Figure 3 is by Blanka Homolova.
Figure 4 is used with permission of Layla McCay. 
Author photo is by David Gabel.

while chalking equations on the stage. Nicola Bernardelle, 
who played Sophie during The Limit’s VAULT run, credits 
this scene with clarifying her own understanding of Ger-
main’s achievements. “I found it useful to have this visual 
element as a way of illustrating such a crucial part of her 
work and legacy,” she says. Smith, for her part, particularly 
likes how choreographer Alfie Taylor-Gaunt deployed a 
movement sequence with books to accompany Germain’s 
presentation of her theory on elasticity. “The explanation 
itself is quite dense,” Smith says, “so this sequence provides 
visual cues for the audience.” 

The Limit sold out four of five shows at the VAULT Fes-
tival (which bills itself as “London's biggest, boldest and 
bravest arts and entertainment festival”) and won both the 
Origins Award for Outstanding New Work and the People’s 
Choice Award. Reviewers called the show’s scripting “sharp 
and clever,” its songs “witty” and “classy as hell,” its tim-
ing “impeccable.” They appreciated the show’s color- and 
gender-blind casting (which had Poisson played by a Black 
man and both Lagrange and Laplace played by women) and 
its effortless feminism. 

The mathematics made out pretty well too. Maths ed-
technologist Alex Cutbill praises The Limit for communi-
cating Germain’s passion for mathematics and presenting 
some mathematical details of her work while avoiding 

Figure 3. The cast of The Limit—Kayla Carter as Lagrange, 
Rachel Delooze as Marie-Madeline Germain, Nicola 
Bernardelle as Sophie, Jamal Franklin as Poisson, and George 
Naylor as Le Blanc—salutes the VAULT audience. 

Figure 4. The Limit  elicited a range of emotions.

Sophia D. Merow 

Interested in supporting The Limit or being in-
volved in its future life? Contact Freya Smith at  
bottlecaptheatre@gmail.com.
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Hyman Bass
President 2001–2002

Sharing the Beauty 
of Mathematics
Elizabeth Platt Hamblin

Elizabeth Platt Hamblin is a freelance writer and editor 
with a focus on STEM, higher-education, and man-
agement science. Her email address is platthamblin 
@gmail.com.

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

If you had to pick one mathematical expres-
sion or equation to encapsulate your entire 
experience in the field of mathematics, what 
would it be?

Answering this deceptively simple 
question is not the most difficult task 
put to those elected to lead the American 
Mathematical Society for their respective 
2-year terms, but it’s one that each AMS 
president takes on as part of a decades-old 
tradition. The idea is simple: AMS asks its 
presidents to provide their “mathematical 
signature”—usually, but not always, an 
equation or geometrical representation of 
a problem they’ve worked on. This signa-
ture is developed into a piece of artwork 
for display in the president’s office at AMS 
headquarters in Providence during his or 
her term. At the end of their term, the out-
going president is given the framed piece 
as a symbol of the society’s appreciation 
for their service.

How each individual chooses to answer 
this question is entirely up to them—and 
their choices offer interesting insights into 
their careers, their AMS service, and in 
some ways, their personalities.

James G. Glimm
President 2007–2008

George E. Andrews
President 2009–2010

Eric M. Friedlander
President 2011–2012

David A. Vogan, Jr.
President 2013–2014

Robert L. Bryant
President 2015–2016

Kenneth A. Ribet
President 2017–2018

James G. Arthur
President 2005–2006
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tation software package SAGE (now called SageMath2), who 
is currently involved in a project called COCALC,3 and who 
provided Ribet with the PDF file so it could be used in his 
signature art. Although Stein’s original image was drawn 
in black and white, AMS placed it onto a multi-color back-
ground to go with the black and white computer-drawn 
image of the arithmetic of modular curves and their Jaco-
bians. The framed art hangs close at hand in Ribet’s office 
at Berkeley—and as for the T-shirt, Ribet says he still wears 
it “on special occasions.”

Seeking Symmetry
Finding a visualization of his work was not a major issue 
for 2015–16 AMS past-president Robert L. Bryant, whose 
area of specialization is differential geometry and whose 
signature piece is literally centered around a visual repre-
sentation of a mathematical problem. For his signature, 
Bryant selected a representative example of a Willmore–
Boise surface rendered alongside the formulas that, as he 
put it, “give a recipe for constructing that surface—actually, 
a large family of such surfaces.”

Bryant’s artwork represents the key finding of his study 
of mathematics. “The Boise surface, or the real projective 
plane, which is the surface that this is rendering in 3-space, 
is just an abstract surface,” he said. “What we’re interested 
in is, for any given abstract type of a surface, what’s the 
best possible shape it can have?” Understanding this is 
important, he said, for addressing real-world problems 
like determining how surfaces such as cell membranes or 
chemical fluids respond under different applied forces.

Depicting Mathematical  Abstractions
Translating an AMS president’s mathematical focus into a 
visual representation can be challenging—as the 2017–18 
past-president Kenneth A. Ribet pointed out, “some 
branches of mathematics are much more visual than others, 
and some people are much more visual than others (even 
within a given field of mathematics).”

When Ribet was asked for artwork for his signature, he 
decided to use an image of an algebraic structure that had 
been printed on a T-shirt produced for a weeklong con-
ference at the Mathematical Sciences Research Institute in 
Berkeley, California, about 20 years ago. “When the AMS 
asked me to choose an image to represent my work, I re-
membered that image from the T-shirt. Its relevance to my 
work is that a lot of the work that I’m best known for has 
to do with the arithmetic of modular curves and their Jaco-
bians,” he says. He describes the diagram as depicting “the 
geometry of the spectrum of a specific Hecke ring attached 
to weight 2, level 243 modular forms. The different threads 
on the pictures represent what I would call components of 
the spectrum, which you can think of as one-dimensional 
objects that intersect with each other at points that belong 
to 2 or more threads. Each of the strands also corresponds 
to a geometric object called an abelian variety,1 which are 
pieces of what’s called the Jacobian to a specific modular 
curve. The different pieces correspond to different parts of 
the Jacobian. Most of the strands pertain to higher-dimen-
sional abelian varieties.”

Ribet credits the image itself to William Stein, a mathe-
matician who created the arithmetic geometry experimen-

President Kenneth A. Ribet’s mathematical signature.

1K. A. Ribet, Abelian varieties over Q and modular forms, 6 Aug 1992. 
https://arxiv.org/abs/alg-geom/9208002.

2www.sagemath.org
3https://cocalc.com
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The projected plane, Bryant said, has been known for 
a long time, but it always came out looking distorted or 
deformed when rendered visually. The artwork created for 
his tenure as AMS president shows how Bryant himself 
solved that problem: “What I showed is that if you mea-
sure ‘best possible’ by saying, ‘what’s the least amount of 
bending energy you’d have to put in to shape the surface,’ 
then in fact there is a solution, but it’s not unique—unlike 
the sphere, which has a unique best shape (the round 
sphere), the projected plane has a two-parameter [p and q] 
family of shapes with the same minimum bending energy 
[Willmore energy].”

Bryant published his solution in the Journal of Differen-
tial Geometry in 19844 and showed that all planes with the 
minimum bending energy fell into this family and that all 

examples from this family could be explicitly described 
with the formulas shown in the artwork. “And it turned 
out,” he adds, “that even among the ones that have the 
same minimum bending energy, there’s one that’s sym-
metric—it has this three-fold symmetry, that’s a particular 
choice of p and q that has not only the minimum bending 
energy, but the most symmetry.” It’s this symmetrical, min-
imum-energy variant that is displayed in Bryant’s artwork.

Like Bryant, past-president David Vogan (2013–14) has 
a signature that readily translates into artwork: the Kazh-
dan–Lusztig conjecture,5 which he called “the jumping off 
point for my later work. It’s certainly one of the deepest 
things that I had anything to do with, but also the basis 
for everything I worked on for the past 30 years.” And, also 
like Bryant, symmetry is a key focus of Vogan’s artwork.

5D. A. Vogan, Jr. “The Kazhdan-Lusztig conjecture for real reductive 
groups,” Representation theory of reductive groups (Park City, Utah, 
1982), 223–264, Progr. Math 40, Birkhäuser Boston, Boston, MA, 1983.

President Robert L. Bryant’s mathematical signature.

4R. L. Bryant. A duality theorem for Willmore surfaces. J Differential 
Geom. 20(1):23–53, 1984.

President David A. Vogan, Jr.’s mathematical signature.
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tigations of q-series and mock theta functions in the early 
20th century—largely unpublished—had been cut short by 
his untimely death at the age of 32 in 1920.

The image created for Andrews shows a q-series com-
monly referred to as the Andrews–Gordon series, which 
represents a key finding that Andrews published in 19746 
that expanded the earlier work of Basil Gordon on the 
Rogers–Ramanujan identities. The equation is set against 
a silhouette suggesting the outline of an Indian skyline 
at sunset. Overlooking the temple silhouette is a subtle 
portrait of Ramanujan himself. These images are the back-
drop of Andrews’ signature as a tribute to Andrews’ best-
known and longest-lasting mathematical contribution: 
the unearthing and analysis of Ramanujan’s unpublished 
notes at Trinity College, Cambridge, which Andrews calls 
the “touchstone of my life’s work.” The fifth and final vol-
ume of this “lost notebook” (joint with Bruce Berndt) was 
published in 2018.7

That Andrews’ artwork emphasizes Ramanujan is only 
fitting: “Ramanujan has been a constant theme in my life 
from really the time I was a graduate student until today,” 
Andrews notes, adding, “I have collaborated with six or 
seven physicists, computer scientists, … I have probably 
over a hundred collaborators in various aspects, but there’s 
always something plausibly tied to Ramanujan.”

Unexpected Connections
For past-president Hyman Bass (2001–02), the formula in 
his signature represents “what I consider the high point of 
my mathematical experience.” He gravitated to mathemat-

“The work that I do,” Vogan says, “is largely about 
simple Lie groups, worked out initially by Lie and various 
other mathematicians after him. What they found was that 
these geometric structures could be encoded by Euclidean 
geometry by collections of points that had mathematically 
described simple relations with one another—so you could 
make a list of all the relationships for all these points. A 
few of them were a little more exotic, and one of the most 
complicated of the exotic ones is a configuration of 240 
points in 8-D space. You can think of all these 240 points 
as sitting on the surface of a sphere in 8 dimensions and 
arranged in a regular way. It’s not a regular polyhedron, 
but there is an enormous symmetry group, having almost 
700 million elements.”

The 8-dimensional polyhedron, or E8, Vogan adds, “is 
the starting point for encoding the Lie group you want to 
work with.” The Lie group has infinitely many elements and 
therefore requires creating finite groups that offer a handle 
for computation. The image developed for Vogan’s artwork 
is an illustration of a specific finite group, the Weyl group, 
that is used for computation.

In one respect, Vogan’s choice of artwork represents 
not only a bridge to his later career but is a representation 
of the many ways that seemingly unrelated problems 
interconnect. Vogan notes that “it’s a common thing that 
people trying to solve unrelated problems are led to the 
same places; the E8 polytope shows up in sphere packing 
problems, for example.”

A Collaborative Spirit
Similar mathematical interconnections are highlighted in 
the signature developed for 2009–10 past-president George 
Andrews. Andrews’ signature is unique in that it celebrates 
not only his own investigations but also the work of an-
other mathematician, Srinivasa Ramanujan, whose inves-

President George E. Andrews’ mathematical signature.

6G. E. Andrews. An analytic generalization of the Rogers-Ramanujan iden-
tities for odd moduli. Proc. Natl. Acad. Sci. USA, 71, 4082–4085, 1974. 
7G. E. Andrews and B. C. Berndt. Ramanujan’s Lost Notebook: Part V. 
Springer, New York, 2018.
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President Hyman Bass’ mathematical signature.

President James G. Glimm’s mathematical signature.

President Eric M. Friedlander’s mathematical signature.
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then something Mark Walker and I introduced in between 
that’s halfway between algebra and topology, so we called it 
semi-topological K-theory.9 On the bottom is a more classi-
cal thing that comes from algebraic topology. So, across the 
way, it’s relating two kinds of mathematical structures on 
the left and right, and up and down, it’s relating different 
areas of mathematics. And each level of the three levels is 
a spectral sequence.”

In the process of describing his artwork, Friedlander 
made a discovery: “I never thought of it before as having 
anything to do with my career,” he says. “It was just a nice 
visual thing that I took out of a paper. But in fact, much of 
my career has been spent connecting algebra, geometry, and 
topology. And this does very definitely connect those three, 
so it is, somehow, almost a signature thing—by accident. It 
wasn’t chosen that way at all, it was just, ‘give us something 
we can make artistic to put on the wall.’”

Expanding the Boundaries
If Bass and Friedlander are bridge builders, then 2007–08 
past-president James G. Glimm may be regarded as a moun-
tain climber. “I’m more of a problem solver than a theory 
builder, so I’ve looked for problems that I find interesting,” 
he notes. “When I get to the top of the mountain, I go back 
down and look for the bottom of a different mountain. 
That takes a huge amount of courage; you have to believe 
in yourself to walk away from a successful position and 
look for a whole new starting point. I think that courage 
to find new problems is the single, characteristic part that 
has defined my career.”

That career spans multiple areas of focus—“a shaggy 
dog story that just goes on and on,” as Glimm laughingly 
puts it. The equations represented in his artwork illustrate 
the way his mathematics career has combined pure and 
applied mathematics to solve a wide range of problems. 
The first equation relates to quantum field theory—“pure 
mathematics, but with a physics background,” in Glimm’s 
words—and the second to hyperbolic conservation laws, 
which he calls a “combination of pure mathematics and 
then later on, numerical and applied mathematics.” The 
two equations taken together are “typical and represen-
tative” of his work, but he’s quick to note that they’re not 
inclusive of the many other explorations he’s made—some 
of which, such as his well-known foray into C*-algebra,10 
lack easily defined equations and would be hard to repre-
sent visually.

His practice of seeking out new and different challenges, 
Glimm says, has given him a broad scientific perspective 
that allows him to take on more complex problems. One 
problem he recently worked on, for instance, is a study of 

ics because of his interest in “what I would call beautiful 
thinking … To me, the most exciting and inspiring parts of 
mathematics are the parts that make connections between 
things that, at first sight, seem unrelated.”

His artwork stems from just such an unexpected moment 
early in his career. “When I started graduate study—I’m an 
algebraist—I was using formal algebraic thinking, but I 
knew that there were other important areas in mathemat-
ics, [such as] algebraic number theory. To me, that was a 
very beautiful but … a somewhat too aspirational area. 
Still it was something I always admired. I was pursuing a 
long progression of ideas and problems in algebra, when 
… problems that I was working on, which I considered to 
be somewhat abstract and not deeply connected to main-
stream parts of mathematics, suddenly turned out to be 
very deeply connected to a very important, central part of 
number theory.

“I was working on the congruence subgroup problem 
[that] grew out of work in K-theory that I’d been thinking 
about,8 that stemmed from other ideas but not related to 
number theory. This was specifically a study of a certain 
group of matrices with, for example, integer coefficients and 
the subgroup structure of those. And there was a problem 
about the nature of subgroups of finite index that goes 
back to the beginning of the last century. Number theory 
produced a natural family of such subgroups, and the 
question was whether all of them were of that kind—and it 
turned out the answer was no, but there was a very precise 
measurement of how far away they were from the so-called 
congruent subgroups, and the measurement of that was 
connected with reciprocity laws in number theory. That 
connection was so deep that if you knew the answer to the 
group theoretic problem, you would essentially have to 
rediscover and regroup the reciprocity laws.”

The image used for his artwork shows this connection; 
the subgroups of finite index in arithmetic groups relate to 
the portion on the left, with the group theoretic object for 
the groups of unity and the corresponding number field 
represented on the right. “I think of the image as a kind 
of bridge, between two islands or two continents,” Bass 
explains, “where one island—number theory—is more 
primordial and natural, while the other, the algebraic side, 
is more formal and constructed.”

A decade after Bass, 2010–11 past-president Eric Fried-
lander also chose an image that bridged different areas 
of mathematics. Friedlander’s image, he says, “is an ex-
tremely elaborate situation that does involve some nice 
mathematics I did with Mark Walker. It gives relationships 
between various fields that I’ve worked on. In that sense, 
it’s the connection between algebraic K-theory, which is 
one subject I’ve worked in, and algebraic topology—and 

9E. M. Friedlander and M. E. Walker. Semi-topological K-theory using 
function complexes. Topology 41(3): 591–644, 2002.
10J. Glimm. Type I C*-algebras. Ann Math., 73(3):572–612, 1961. 
JSTOR, www.jstor.org/stable/1970319.

8H. Bass. Personal reminiscences of the birth of algebraic K-theory. 
K-Theory 30(3):203–209, 2003.
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the spectral information on the right-hand side from the 
geometric information on the left.”

Like Glimm, Arthur took an adventuresome approach to 
problem solving, with the encouragement of the (already) 
great mathematician Robert Langlands: “I asked him what 
the hardest problem was, and he said, ‘figuring out the 
trace formula.’ He said it was a difficult but very worthwhile 
problem to spend your time on.”

Arthur notes that the trace formula is considered by 
many mathematicians to be the best shot for proving the 
principle of functoriality, which Arthur considers one of the 
biggest problems facing mathematics: “It’s the central prob-
lem in the Langlands program—the conjectures Langlands 
came up with when I was a student at Yale. The central prob-
lem is still around, and it unifies many different parts of 
mathematics. But the trace formula is very powerful, and we 
hope that it will be a strategy for solving this problem—If 
you understand this formula well enough and solve all the 
auxiliary problems suggested by the formula, you perhaps 
will be able to establish this fundamental conjecture.” He 
adds that there are “a fair number of people working on 
it, so I hope collectively we’ll be able to make progress.”

Sharing Math’s Beauty
For each of these AMS past-presidents as well as their 

predecessors and successors, the mathematical signatures 
created from their work makes visible some of the beauty 
they see in their field—and allows them to share it with 
others. For David Vogan this idea encapsulates what he 
hopes is his mathematical legacy. As he puts it, “I hope 
that I learned from my teachers about the beauty of these 
ideas—and I hope that some of my students can obtain 
some of that from me.”

Hyman Bass expresses it more simply still: “I thought 
that mathematics was so beautiful that I really wanted 
people to learn it and enjoy it.”

the migratory hunting patterns of false killer whales; the 
fact that he used tools he developed from studying quanti-
tative finance and turbulence to characterize these patterns 
underscores how useful his expanded field of view can be.

In this light, Glimm’s artwork is an altogether apt de-
scription of both his mathematics career and his tenure 
as AMS president. Glimm feels he was elected to the post 
because “the society had an interest in moving toward 
application—at least that’s the way I interpreted the elec-
tion—and I took it on myself to move the society in that 
direction, but I wanted to do it moderately and gently, 
and I wanted changes people would be comfortable with. 
I pushed a philosophy I called the ‘big tent’ [that is] very 
generous about the outer boundaries of mathematics. We 
don’t try to limit it; we include not only the core areas that 
everyone knows and loves in AMS, but also the ‘edge areas.’”

Glimm’s big tent perspective is echoed by past-presi-
dent James G. Arthur (2005–06), who comments that “at 
a deeper level, we mathematicians are always astonished 
at how unified this vastly complex collection of fields is. 
We don’t expect to always be discovering those relations 
that relate one apparently different part of mathematics to 
another completely different [piece]. In mathematicians’ 
minds, it’s very beautiful and very striking.”

Arthur’s signature is a formula commonly called the 
Arthur–Selberg trace formula.11 “It had been introduced in 
a very special case in the 1950s by the legendary Norwegian 
number theorist, Atle Selberg. It was a very important prob-
lem to try to figure out whether there was a trace formula 
like this in a broader context and to actually develop it 
explicitly. The search for this formula was something I took 
up and worked on for 25 years. The final result is a complex 
formula. But it gives us systematic ways of understanding 
11J. Arthur. An introduction to the trace formula. In Harmonic Analysis, 
the Trace Formula, and Shimura Varieties, Clay Mathematics Proceedings  
4:1–263, 2005.

President James G. Arthur’s mathematical signature.
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Most mathematicians are familiar with MathSciNet and 
have some idea how to use it. However, we are generally 
self-taught. A few graduate programs will go over Math-
SciNet with new students, but such introductory courses 
are rare. I work at Mathematical Reviews, where we make 
MathSciNet and use it a lot. Since coming here, I have 
learned some really great things about searching the liter-
ature with this tool. With this article and its sequel, I will 
share some of the most useful things I have learned. The 
column turned out to be longer than initially planned. As 
a result, the column will be published in two parts. This 
first part will cover some generalities and the most popular 
type of search. The second part (which will appear in Oc-
tober) will describe Author Searches and Journal Searches, 
including descriptions of some big changes in our Journal 
Profile Pages.

MathSciNet is the user interface for querying the Mathe-
matical Reviews Database (MRDB). The database has been 
built up from the editorial work done at Mathematical Re-
views ever since its first publication in 1940. The MRDB has 
been supplemented by data from various retrodigitization 
projects, with the oldest entries dating from 1810. In this 
article, I provide an overview of how to use MathSciNet. 
It seems fair to assume that most readers are familiar with 
searching databases, such as Google, amazon.com, library 

catalogues, or the arXiv. Many of the features of MathSciNet 
searches echo searches provided by other databases. I try 
to go into detail on topics that are distinctive and provide 
sketches on topics that are more self-evident. There is more 
information about MathSciNet in some of my blog posts: 
https://blogs.ams.org/beyondreviews.

There are three primary searches in MathSciNet, corre-
sponding to the three major parts of the database: authors, 
journals, and publications (papers and books). Each type 
of search works somewhat differently and returns different 
results. By far, the most common search is for publications. 
Indeed, over 80% of the initial searches on MathSciNet are 
publication searches. Author searches represent about 15% 
of all initial searches. Journal searches make up the rest. You 
initiate one type of search or the other by starting at one of 
the first three tabs in the main search page, seen in Figure 1.  

Note: in what follows, I will provide counts of matches 
resulting from searches. We update the MRDB hourly, so 
these counts will change with time. The counts provided 
here are for searches done in May 2019.

Publication Search
A publication search looks for journal articles, conference 
proceedings articles, theses, books, and collections. It is a 
fielded search with 14 possible fields: Author, Author or 
Related, Title, Review Text, Journal, Institution, Series, 
MSC Primary, MSC Primary/Secondary, MR Number, 
DOI, Reviewer, Anywhere, and References.

Publication searches are finicky by design. For instance, 
they are unforgiving with regard to misspellings. (The 

Everything in Its Right Place
An Expert Guide to Searching with MathSciNet

Edward Dunne 

Edward Dunne is the Executive Editor of Mathematical Reviews at the 
American Mathematical Society. His email address is egd@ams.org.

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

DOI: https://dx.doi.org/10.1090/noti1932
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for “cohomology group” will not match items that only 
have the phrase cohomology groups, since plural/singu-
lar matching is turned off inside double quotes. To match 
both, use the wildcard search “cohomology group*”. This 
matches 7,000+ items.

It is possible to fine-tune a publication search by using 
a proximity operator. Specifically, you can allow some dis-
tance between terms in an exact search by enclosing the 
terms in double quotes, then appending the tilde (~) and 
a single-digit (positive) number. The number determines 
how many terms can be in between the search terms you 
have specified. For instance, if you want to search for pa-
pers discussing harmonic functions, including those that 
discuss harmonic univalent functions, use the search 
“harmonic functions”~1. You can include a wildcard too, 
as in “harmonic function*”~1. The number you provide 
is an upper bound. That is to say, the search “integrable 
systems”~2 will find results having two, one, or no terms 
in between integrable and systems, such as integrable 
and superintegrable systems, integrable Hamiltonian 
systems, and just integrable systems.
Here are descriptions of the possible fields: 
Author: This field looks for papers, books, etc., where at 
least one of the authors matches the search term. (Note: if 
you want to search for an author, not just their publications, 
use the Author Search described in Part II of this article 
(in the October issue of Notices). Author searches lead to 
Author Profile pages, which contain a lot of information 

searches do match regular plurals and singulars, but not 
irregular plurals.) However, you can use the wildcard (*) 
in most of the fields. The exceptions are MR Number and 
DOI, since these fields are searching for a very precise lo-
cator ID. A wildcard (*) can be used anywhere in a search 
term except the beginning. It will match any character 
string, i.e., one, two, three, or more characters, but also the 
empty string. Thus, colo*ring will match both coloring 
and colouring.

Words entered in any search field other than the author 
field are assumed to be separate terms, that is, separated by 
a Boolean AND. In other words, the default search is not 
for the phrase but for the individual terms. Consequently, 
a search for hyperbolic manifolds would look for items 
that have the word hyperbolic somewhere and the word 
manifolds somewhere but not necessarily right next to 
each other. So, you would find papers about hyperbolic 
manifolds but also a paper about hyperbolic equations 
on manifolds.

If you want to look for an exact phrase, you need to 
enclose the search phrase in double quotes. For example, 
a search for “group cohomology” anywhere will find more 
than 700 items where this exact phrase occurs somewhere 
in the item: in the title, in the review text, in the name 
of the journal. The words have to be in order. So, this 
search will not look for the phrase cohomology group. 
The search for “cohomology group” anywhere will match 
3,000+ items with exactly that phrase. Note that the search 

Figure 1. Screenshot of the publication search page, with other search tabs identified.
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Stud. Hist. Philos. Sci. B Stud. Hist. Philos. Modern 
Phys. 60 (2017), 136–148.

The review of this paper contains the passage:

According to what has become a standard 
history of quantum mechanics, in 1932 von 
Neumann persuaded the physics community 
that hidden variables are impossible as a matter 
of principle, after which leading proponents of 
the Copenhagen interpretation put the situation 
to good use by arguing that the completeness of 
quantum mechanics was undeniable. This state 
of affairs lasted, so the story continues, until 
Bell in 1966 exposed von Neumann’s proof as 
obviously wrong.

Journal: You can specify that the results must come 
from a particular journal. The journal field contains full 
and abbreviated journal names, as well as ISSNs. Original 
and translated journal names are searched. Note: this field 
can be particularly finicky, as it is trying to match against 
the exact name of the journal or the abbreviation of the 
journal name in MathSciNet or the ISSN. If you are unsure 
of the name or abbreviation, it is good to use wildcards in 
this field. You should put something in this field only if 
you are entering other information in another field, such 
as a subject class or a keyword. If you are looking for the 
journal itself, you should use the Journal Search, which is 
described in Part II of this column. A Journal Search leads 
you to the profile page of the particular journal and a 
wealth of information gathered from the MRDB.

Series: The Series field contains full series titles or ab-
breviations for book series. Book series include monograph 
series, such as Springer’s Grundlehren der Mathematischen 
Wissenschaften and Cambridge University Press’s Cambridge 
Tracts in Mathematics, as well as proceedings series, such as 
the AMS’s Contemporary Mathematics and Springer’s Lecture 
Notes in Mathematics and Lecture Notes in Computer Science. 
You can search on all or part of the series title.

Institution: You can enter either an institution code or 
part of the institution name in this field. Initially, institu-
tions were created for internal use at Mathematical Reviews 
to help us to identify authors. Our catalogers include codes 
for institutions, which are a great shorthand. These codes 
show up as the strings in parentheses after the author’s 
name when displaying the MathSciNet record for an item. 
Hovering over the code with the cursor will give you an 
expansion of the institution name. You can look up codes 
by going to https://mathscinet.ams.org/instcode. 
Alternatively, you can look for a paper by someone at the 
institution and crib the code from the MathSciNet listing 
for that paper. The institution codes provide a specificity 
that keywords do not. For instance, searching for Oxford 
in the Institution field produces more than 13,000 items 
with one or more authors from a department or college 

about the author.) For the author field in a publication 
search, you need to enter the name as last name, first name, 
middle name(s) or initial(s)—with or without commas and 
periods. Searching for Tate John turns up about 100 results. 
Searching for John Tate turns up none. If you just enter one 
name, it is assumed to be a last name. Thus, if you search 
on John, you will receive almost 800 matches, all of which 
have an author with last name John, including more than 
100 items by Fritz John. The results will also include one 
paper, MR0953284, by an author with first and last name 
John. The wild card (*) can be used anywhere within the 
string, except at the beginning. For instance, if you want to 
search for Cheng, Chang, Chung, or Cheung in the Author 
field, the search term Ch*ng will get the job done, though 
it will also match on Ching and Channing, for instance.  

It is important to distinguish the Author search field 
from the next field.

Author or Related: Now, the search will include papers 
matching the author but also will include matches with 
other sorts of names associated with the document, for 
example, editors, translators, and contributors who are not 
listed as authors, such as someone who wrote an appendix 
or foreword to a book. For instance, a search for Morawetz 
in the Author or Related field and Works in the Title field 
would find volumes for which Cathleen Morawetz was 
an editor of someone else’s Selected Works or Collected 
Works. Author or Related also includes names that repre-
sent the subject of the paper or book, such as when it is a 
biography, an obituary, a conference in honor of someone, 
or a Festschrift. For example, a search for Kodaira in the 
Author Related field would turn up articles about him but 
not necessarily about the Kodaira embedding theorem or 
Kodaira dimension. These extended affiliations with an 
item are what are listed under Related Publications in an 
Author Profile page on MathSciNet.

Title: This field contains the original title and, if appro-
priate, an English translation of the original title. It does 
not include subtitles. The same rules about word order and 
proximity operators apply here.

Review Text: You can search for keywords or phrases 
found in the text of reviews, including those where the 
author summary was used as the review. Again, the rules 
about word order and proximity operators apply here. So, 
for instance, if you are curious about wrong proofs, you 
could try searching for Review Text = wrong proof. But 
that will give you too many matches (more than 1,000) 
to be useful, and the words wrong and proof need not be 
close to each other. A better search is Review Text = “wrong 
proof”~2. This produces 57 matches, including

MR3725869
Dieks, Dennis (NL-UTRE-HQ)
Von Neumann’s impossibility proof: mathemat-
ics in the service of rhetorics.
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ence lists by including search terms in this field. If you are 
looking for all the citations of a particular author, it is bet-
ter to do an Author Search and use the citations link from 
there. When we match citations to an author, we match 
against all known variants of the author’s name. Also, if you 
want to find all the citations of a particular paper, those are 
given in a box in the top right-hand area of the listing of 
that item. Again, our matching tries to account for variants 
of citation styles and will even try to match the published 
version of a paper with a citation to a version from the arXiv.  

I find this search useful when looking for citations to 
books or papers that pre-date the MRDB, i.e., before 1940. 
For instance, I could look for Cauchy’s “Recherches sur les 
nombres,” which was published in the Journal de l’École 
polytechnique in 1813, by entering “Cauchy Recherches sur 
les nombres” in the References field. This search produces 
103 matches, including

MR2225493
Bourgain, J.(1-IASP-SM); Glibichuk, A. A.(RS-
MOSC-MM); Konyagin, S. V.(RS-MOSC-MM)
Estimates for the number of sums and products 
and for exponential sums in fields of prime 
order. J. London Math. Soc. (2) 73 (2006), no. 2,
380–398.

If I check this item’s entry in MathSciNet, I do indeed 
find Cauchy’s paper as entry number 7 in the reference list 
for the article by Bourgain et al.

MR Number: All items in the MR Database have a unique 
seven-digit accession number of the form MR0053338 re-
ferred to as an MR Number. These numbers are searchable 
in the MR Number field. Leading zeros in this seven-digit 
number may be omitted. The “MR” prefix may also be 
omitted. For the example, searching on 53338 in this field 
will find the item just as well as searching on MR0053338. 
Wildcards do not work in this field—they are ignored.

DOI: You can search for an item by entering the DOI 
for the paper. You can include the DOI resolver, such as 
doi.org, or leave it out. You can include the full URL, such 
as https://doi.org/10.1090/S0273-0979-1992-00266-5, 
or just include the DOI itself, 10.1090/S0273-0979-1992-
00266-5. Wildcards do not work in this field.

Anywhere: This field is used to search across all of the 
fields already mentioned, except the reference lists.

Working with the Search Results

Sorting the results
The list of headlines of results from a publication search 
are sorted newest first by default. However, you can re-sort 
the results of a publication search by using the button after 
“Sort by:” in the top left of the screen. The options for sort-
ing are: Newest first, Oldest first, number of Citations, and 
number of authors, abbreviated as #Authors.

at the University of Oxford in the UK (institution codes 
of the form 4-OX*). However, it also matches 28 items 
from authors at Oxford College of Emory University in 
Oxford, Georgia, in the United States (institution code 
1-EMRY-OX), as well as a few items with authors from 
institutions in Taipei.

Institution codes are granular, identifying departments. 
For instance, the Department of Mathematics at Brown 
University has the institution code 1-BRN. The Division 
of Applied Mathematics has the institution code 1-BRN-A. 
Some authors from the Division of Applied Mathematics 
list their affiliation as Department of Applied Mathematics, 
which we have coded as 1-BRN-AM. Since MathSciNet is a 
database of the mathematical literature, we use the affilia-
tion that is given on the paper, which can be different from 
the official name. As a result, when searching, it is often 
best to use wildcards, in particular, of the form “1-BRN-*”. 
There are exceptions to the granularity, including some of 
the mathematics institutes, such as AIM and SAMSI, which 
don’t have departments.

Using institution codes can facilitate some interesting 
searches that are not just about the literature. For instance, 
someone considering graduate school in algebraic geom-
etry might want to check to see how many papers in alge-
braic geometry have come from a particular institution in 
recent years. Do this by entering the Institution Code or 
name of the university, set MSC-Primary to 14 (the class 
for algebraic geometry), and pick a relevant Time Frame, 
such as >2013, to ensure that you are seeing recent papers.

MSC Primary: This searches on the primary classifica-
tion codes from the Mathematics Subject Classification 
(MSC) assigned to an item by the Mathematical Reviews 
editors. The Primary Classification is selected by the editors 
as being the most appropriate, among the possible classi-
fications, for the principal contribution of the item. Every 
classified item has a primary classification. Many items 
have one or more secondary classifications. To search for 
primary or secondary classifications, use the MSC Primary/
Secondary field. You can search using 2-digit (e.g., 35 for 
Partial differential equations), 3-digit (e.g., 35J for Elliptic 
equations and systems), or 5-digit (e.g., 35J60 for Nonlin-
ear elliptic equations) codes, with no need for wildcards.

Hack alert: The database includes more than 85,000 
items that are PhD theses. These items use bibliographic 
data that have come from external sources, such as Pro-
Quest and NumDam. To search for theses, enter Thesis in 
the MSC Primary field.

Reviewer: Entering a term in this field searches on the 
name of the person who wrote the review of the item, re-
turning a list of those items. The syntax for entering names 
is the same as for the Author field. Not many people use this 
search, but it is useful in some special settings. For instance, 
it can be useful to editors considering referees.

References: MathSciNet includes reference lists from 
some articles. It is possible to search just within the refer-
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Institution. Short forms of the institutions attached to 
the papers in the search results are listed in this facet. They 
are in decreasing order of frequency. Selecting an institution 
adds it to the search and refines the results. You can iterate 
this process, which is useful since many papers have authors 
from more than one institution.

Authors. The names of the authors of the items in the 
search results are listed in this facet in decreasing order 
of frequency. As with the Institution facet, you can iterate 
this process.

Primary Classification. Using this facet will refine the 
search using the primary MSC code attached to the paper. 
Since every regular item has a unique primary class, it is 
not possible to iterate this filter.

Journal. Mathematicians often think of someone’s 
paper in a particular journal. This facet allows you to filter 
for papers appearing in a particular journal. You cannot 
iterate this filter, as each paper is normally published in a 
unique journal.

Year. This facet filters for the publication year (not the 
year it first appeared in MathSciNet). It is not possible to 
iterate this filter.

In the October issue of Notices, I will describe the Author 
Search and the Journal Search. There is less to say about 
the searches themselves, as they are more direct searches. 
However, I will have more to say about the Author Profile 
Pages, which are the endpoints of Author Searches, and 
the newly revised Journal Profile Pages, which are the 
endpoints of Journal Searches.

Credits
Author photo is courtesy of the author.

Search within results
Typing a search term in this box will run an Anywhere 

search on that term among the results from your just exe-
cuted search. You can do it from any page of results, and 
it will run the search from that point. Also, the proximity 
operator mentioned earlier works in the “Search within 
results” box, as do wildcards.
Filter using the facets

On the results pages from a publication search, there are 
six facets in the left-hand sidebar that you can use to refine 
your search: Item Type, Institutions, Authors, Primary 
Classification, Journal, and Year.

Item Type
 • Reviewed. An item that has a review attached to 

it, either a signed review by one of our 21,000+ 
reviewers or the author summary.

 • Indexed. An item that has received the full bib-
liographic treatment, including author authority 
work and MSC Classification, but that will not 
receive a review.   

 • Expansion. Also known as “Database Expansion,” 
these items are not classified and do not have re-
views. In every other respect they are treated just 
like all other items in the Mathematical Reviews 
Database. In particular, the authors are identified, 
and the items have journal linking and original 
item linking (when available).  

 • Thesis. These are doctoral theses whose bib-
liographic data have been contributed by an 
external source. Authors have been identified for 
about two thirds of the theses. We do not add 
classifications (MSCs) to theses.  

 • DML = Digital Mathematics Library. These items 
come from various digitization projects, such as 
de Gruyter’s project that digitized all the early 
issues of Crelle’s Journal, Journal für die reine und 
angewandte Mathematik.

 • Prelim. These are Preliminary Data items, which 
we have created using the bibliographic meta-
data provided by the publisher. Our work on the 
item is not yet complete; for example, our author 
identification work may not have been done. The 
purpose is to get these items into the MRDB as 
quickly as possible but with the proviso that some 
of the bibliographic details may be corrected by 
our catalogers. 

 • Pending. These are regular items for which the 
bibliographic work has been done—i.e., they have 
passed the possible Preliminary Status—and a re-
view is planned, but the review is not yet complete. 
The reasons for being incomplete include: we have 
not sent it to a reviewer yet; we have sent it to a 
reviewer, but have not received the review back yet; 
we have received the review back, but our editors 
are still checking it over.

Edward Dunne
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into subsections, with many examples, illustrations, and 
beautiful photos.

The book focuses on geometric and mathematical ori-
gami as opposed to representational or figurate origami, 
folding a subject that looks like something—a crane, or a 
hat, or whatever. Geometric origami is the paper folding 
of geometric structures, using math both for the design 
and for the description of the beautiful outcomes. One of 
its main topics is origami tessellations, the division of the 
plane into decorative patterns (usually) using just a single 
sheet of paper. The ten chapters proceed in increasing order 
of structural complexity, from the very basics of modeling 
origami with crease patterns, through twists, tilings, and 
tessellations to 3D analysis and rotational solids.

The book is truly as exhaustive as possible within rea-
sonable limits. There are some origami structures that 
are not included in the book, notably, elementary shapes 
such as polygons and polyhedra and, on the other hand, 
some of the more modern structures, like Ron Resch tes-
sellations and curved folds. This is already noted by Lang, 
and, I would say, quite acceptable, given that the book 
is meant to be a comprehensive work on contemporary 
geometric origami, itself very much focused on tilings and 
tessellations. The exceptionally detailed instructions and 
analyses of those structures that do appear give the reader 
all the knowledge needed to explore other structures that 
are not in the book.

From a didactic point of view, Twists, Tilings, and Tessella-
tions is a masterpiece. Lang really bends over backwards (so 
to speak) to make sure that his readers wholly understand 
the text, and he does a great job of it. First, he uses the intro-
duction to explain the purpose of the book, the motivation 
for writing it, and what it does and does not include. He 
then explains what to expect and what you need, going on 
to define the book’s intended audience: anyone who wants 
to learn about geometric origami and the math behind it, 
experts and novices alike, whose mathematical skills are 
anywhere from high school level upwards. Throughout the 
book, a system of asterisk symbols accurately indicates the 

Twists, Tilings, and Tessellations 
Mathematical Methods 
for Geometric Origami 
by Robert J. Lang

Introduction
“Everyone and no-one knows 
what origami, the Japanese art of 
folding, is” is a fine and fitting 
first sentence for Robert Lang’s 
excellent new book Twists, Til-
ings, and Tessellations: Mathemat-

ical Methods for Geometric Origami. Lang’s motivation for 
writing the book is given a few sentences later: “…in the 
latter part of the 20th century, it [origami] exploded in 
variety, complexity, and artistry, with numerous genres 
and specializations.” He could not have spelled out the 
contemporary origamist’s quandary better and could not 
have provided us with a better solution: a well-written, 
exceptionally structured book that makes a perfect com-
pendium of geometric origami.

The Book
Twists, Tilings, and Tessellations has 736 pages, so it is a very 
long read from cover to cover. However, as Lang writes in 
the introduction, the reader can “jump among the vari-
ous chapters, trying out things that look interesting and 
skipping what makes your eyes glaze over.” Indeed, the 
book is perfectly structured to allow the reader to do just 
that. Every chapter is self-contained, meticulously divided 

Twists, Tilings, and Tessellations
A Review by Yossi Elran 

C
R

C
 P

re
ss

, 2
01

8,
 7

36
 p

ag
es

.
IS

B
N

: 9
78

-1
56

88
12

32
8



Book Review

september 2019  Notices of the AmericAN mAthemAticAl society   1327

ematical model of origami usually assumes zero-thickness 
of the paper. The chapter introduces crease patterns, which 
is the map or guide to folding a shape, the different kinds 
of folds (valley and mountain folds), crease angles, and 
vertices, the points where the crease lines come together. 
Even the most basic of concepts are explained using a 
variety of didactic tools such as detailed explanations and 
illustrations. Once the initial definitions have been set, the 
mathematical description of these concepts (folds, crease 
maps, and vertices) is given, along with its implications 
for the actual folding process (for example, which folds 
are mathematically possible). It is here where you will 
find thorough explanations of some of the most important 
math needed to really enjoy the book, most of which are 
at high school math level, such as the Kawasaki-Justin the-
orem [1, 2]. For the advanced reader, a full linear algebraic 
description of origami is presented. This is great for those 
who want to delve deeper or those interested in developing 
or applying computer algorithms in origami design.

Most of Twists, Tilings, and Tessellations is devoted to 
origami design of tessellations. It is therefore a wise choice 
to devote the second chapter to periodicity. Once again, 
the basics are laid out at the beginning of the chapter, and 
the concept of tiles is introduced. Contrary to common 
presumption, origami tiles, as defined by the author, are 
not individual paper structures that are somehow joined 
together. They are a repeating folding pattern, made within 
a single sheet of paper. You can see this, for example, in 
Figure 1 (Figure 2.41 on page 116 in the book). On the 
left, you can see the crease pattern for a 16-tile Miura-ori 
pattern, where the red dashed lines are valley creases and 
the solid black lines mountain creases. The partially folded 
form is shown in the middle (it is turned over, so it looks 
like the inverse of the crease pattern), and on the right is 
the flat-folded form. The different lengths of the four folds 
that meet at each vertex in the figure and the parallelogram 
angles (60° and 120°) are responsible for the beautiful out-
come. Throughout the chapter, periodic and near-periodic 
tessellations of many prominent origami artists are pre-
sented and analyzed. These include works by Ilan Garibi, 
Paul Jackson, Shuzo Fujimoto, Yuri and Katrin Shumakov, 
and Yuko Nishimura, to name but a few.

If Chapters 1 and 2 lay down the foundations for the rest 
of the book, Chapters 3, 4, and 5 really give readers almost 

level of math needed for each section. Having said that, 
Lang makes sure with his eloquent writing skills that even 
those with elementary math skills enjoy and understand the 
book. Terminology is very important for origami folding, 
and Lang makes sure that the definitions used throughout 
the book are understood, using illustrations and photo-
graphs that give the reader multiple viewpoints of what is 
being defined.

Each chapter is structured from the basics to the more 
complicated material, with elaborate explanations, illus-
trations, and folding instructions. The math regarding 
the designs is also presented using the same meticulous 
method and thorough explanations, going from elementary 
definitions all the way through to theorems. Every chapter 
includes bibliographic references and ends with a list of all 
the terms that are used within. Lang does justice to many 
fine origami artists and mathematicians throughout the 
book, generously and liberally referencing their work and 
presenting much of their work in beautiful color photos. 
One might expect the artistic value of geometric origami 
to go unnoted given that the book’s main theme is math-
ematical methods. However Lang refers to the artistic side 
of geometric origami throughout the book many times. 
Here is one such (beautiful) excerpt from a discussion on 
Archimedean tiling:

Mathematics provides a description of pattern 
and regularity and it can sometimes precisely 
enumerate the small numbers of elegant reg-
ularities within a field. One of those elegant 
regularities is that there are precisely 12 Archi-
medean tilings. This is a universal truth: anyone 
who strives to use regular polygons and have 
every vertex the same is bound to arrive at one 
of those 12 tilings, whether designing now, in 
the past, or in the future. But we still have aes-
thetic choices that let us express individuality: in 
choices of pleat width, tile size, tile type, crease 
assignment, materials, overall artwork size, and 
even context and execution. We can create work 
that expresses our own individual vision, but 
if we choose to work within a strongly mathe-
matical genre like tessellations, we should not 
be put off to find that others have (or will) find 
the same resonances within the artistic universe. 
[p. 381]

The Chapters
The first chapter of the book is, in my mind, the most 
important. It begins with the very basics of the mathemat-
ical description of origami. In this chapter, and indeed, 
throughout the book, the author emphasizes the difference 
between mathematical origami and the actual physical 
process of building an origami structure. There are many 
reasons for this, the most basic being the fact that a math-

Figure 1. (This is Figure 2.41 from page 116 in the book.) A 
Miura-ori pattern with four fold lengths around each vertex. 
Left: crease pattern. Middle: partially folded form (turned over). 
Right: flat-folded form.
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who so generously makes more room in his book for other 
artists than for his own magnificent designs (Figure 3).

Conclusion
Twists, Tilings, and Tessellations: Mathematical Methods for 
Geometric Origami is a real gem. Design algorithms, folding 
instructions, mathematical principles, photographs—this 
book has it all. It is a “must have” book for anyone who 
wants to learn about geometric origami and, in particular, 
those interested in origami tilings and tessellations. There 
are really no special prerequisites to enjoy the book, al-
though you really do need to have at least a high school 
math level to go beyond the first chapters. The painstak-
ing effort Robert Lang takes to make sure that the reader 
gains a holistic yet detailed view of each and every origami 
structure in the book is truly admirable, especially given 
the difficulty many origami artists have conveying paper 
folding instructions in written word. Lang’s efforts pay off, 
as Twists, Tilings, and Tessellations: Mathematical Methods for 
Geometric Origami is a remarkably well-written, well-struc-
tured, comprehensive, and absorbing read. Robert Lang 
is not only one of the world’s greatest origami artists; this 
book establishes him as a wonderful educator, origami 
communicator, and author.

all they need to know about (arguably) the core business 
of modern geometric origami: twists and twist tilings. A 
twist is an origami pattern where a localized region of the 
paper is rotated with regard to the other parts of the paper. 
A regular polygonal twist is one where a regular polygon 
is rotated with respect to the rest of the paper. It turns out 
that for each n-gon there is a certain number of crease 
assignments, which grows exponentially as n increases. 
The author presents the exact formula for the (theoretical) 
number of crease assignments for each n, but then goes on 
to explain why some of these cannot lead to a flat-folded 
origami state [p. 222], based on the math principles from 
the previous chapters. This is an excellent example of how 
math comes into play in origami design and how the author 
walks the reader through the mathematical thought process 
to reach the correct conclusion.

Many designs are used to illustrate the different types 
of twist tilings and tessellations, one of which can be seen 
in Figure 2. Momatani’s wall by Yoshihide Momotani, ex-
plained in depth and complete with folding instructions 
and illustrations, is another good example of a tessellation 
[p. 203]. It is made from an array of twists and is quite 
easy to fold.

I really liked the author’s comprehensive explanation 
of vertex figures [p. 291], an elegant notation sequentially 
listing regular polygons that fit around a single vertex with-
out leaving any gaps. Again, this is not just thrust upon the 
reader. It arises naturally from the solution of two simple 
Diophantine equations, and then the mathematical con-
sequences are discussed at length. One such consequence 
is that there are only 21 possible vertex figures, composed 
of regular polygons, that tile the plane. The twist tiling in 
Figure 2 is made out of two regular pentagons that meet 
up with a dodecahedron at a single vertex. Sharp readers 
might be able to see why this tiling cannot be continued 
further in any direction.

From Chapter 6 until the end of the book, more ad-
vanced structures are discussed, such as primal-dual tes-
sellations (Chapter 6), issues of foldability (Chapter 7), 
spherical vertices (Chapter 8), 3D origami (Chapter 9), 
and rotational solids (Chapter 10). Each and every one of 
these chapters is a feast for origami artists and mathemati-
cians alike. For example, origami tilings in the hyperbolic 
plane that resemble the artistic work of Dutch artist M. C. 
Escher and Canadian geometer H. S. M. Coxeter [p. 437] 
are discussed in Chapter 6. These are fine examples of 
shrink-rotate tessellations and lead to a very enlightening 
explanation of Voronoi diagrams and Delaunay triangu-
lations [pp. 439–442]. Many more gems can be found on 
almost every page. By the time readers get to the last page of 
the book, they will know almost everything about origami 
tilings and tessellations in the plane and in 3D. They will be 
able to understand and even reconstruct some of the most 
beautiful origami work, including the work of the author, 

Figure 2. (This is Figure 4.30 from page 296 in the book.) A tiling 
of centered twist tiles made up of two pentagons that meet a 
dodecahedron at each vertex. Left: crease pattern tiling. Right: 
folded form.

Figure 3. (This is Figure 10.28 from page 671 in the book.) 
An assortment of pots using the thick-flange algorithm with 
various cross sections, folded from Canson and Elephant Hide 
paper (2004–2013), by Robert J. Lang.
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MATHEMATICS
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This book introduces students to the world of advanced math-
ematics using algebraic structures as a unifying theme. Having 
no prerequisites beyond precalculus and an interest in abstract 
reasoning, the book is suitable for students of math education, 
computer science or physics who are looking for an easy-going 
entry into discrete mathematics, induction and recursion, groups 
and symmetry, and plane geometry. In its presentation, the 
book takes special care to forge linguistic and conceptual links 
between formal precision and underlying intuition, tending 
toward the concrete, but continually aiming to extend students’ 
comfort with abstraction, experimentation, and non-trivial com-
putation.
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the first two categories, for example, “Do colors exist?” and 
“Do living things and evolution decrease entropy?” The 
final section, “Not Things” (11 articles), concerns math-
ematical questions, such as “Can sheets be tied in knots 
in higher dimensions the way that strings can be tied in 
knots in three dimensions?” and “How do we know that 
π never repeats?”

All in all, Do Colors Exist? is ideal for the scientifically 
curious reader who is not averse to a little post-calculus 
mathematics.

The Calculus of Happiness:  
How a Mathematical Approach to Life Adds 

Up to Health, Wealth, and Love  
by Oscar E. Fernandez

Can mathematics change your life? 
The author of this book thinks so. 
Fernandez argues that a careful 
quantitative analysis of the little 
details in everyday life can make 
you healthier, wealthier, and hap-
pier. There is no deep mathematics 
involved in this endeavor, and, in 

fact, the ideal reader is probably someone who has taken 
differential calculus but who might be dubious about its 
applicability in the “real world.” 

There are three main parts to the book, each of which 
consists of two chapters. The first two parts require only a 
background in basic algebra, while the third part assumes 
knowledge of differential calculus. The first portion is 
dedicated to health and fitness. For example, it addresses 
the question of how many calories one should consume 
in a day and which foods can provide those calories in the 
healthiest possible way. These questions involve mostly 
algebra. The second chapter concerns personal finance and 
investing. It walks the reader through monthly budgets and 
retirement savings, along with the exponential and logarith-
mic functions. The third part discusses relationships and 
introduces a simple dynamical system to model the mood 
swings of two partners. Readers who are rusty will appreci-
ate that most of the derivations and tedious computations 
are deferred until the lengthy appendix, which is broken 
up into sections that parallel the six chapters of the book.

Do Colors Exist?  
And Other Profound Physics Questions  
by Seth Stannard Cottrell

This book contains fifty-four essays 
of varying length that address puz-
zling questions in physics and, to 
a lesser extent, mathematics. The 
author, a mathematical physicist, 
and his colleague, mathematician 
Spencer Greenberg, encountered 
these questions during their years 
running the Ask a Mathematician 

/ Ask a Physicist website, www.askamathematician.com.
The mathematical requirements rise slowly through-

out the book. The earlier portions require little more 
than basic algebra. Towards the end, linear algebra and 
multivariable calculus are occasionally called for. The text 
is supplemented by more than 200 illustrations, the ma-
jority of which are in color. Cottrell’s tone is consistently 
irreverent and humorously informal. Number theorist 
Ken Ono, whose endorsement appears on the back cover, 
says, “I probably laughed out loud every 2–3 minutes…my 
children are interested in the book because they heard me 
laughing so much.”

The book is divided into four long sections. The “Big 
Things” portion (16 articles) addresses questions about 
astronomy, gravity, thermodynamics, and relativity. For  
example, Cottrell answers, “Why is the light from the Big 
Bang still around?” and “How close is Jupiter to being a 
star? What would happen to us if it were?” The “Small 
Things” section (15 articles) concerns questions about 
physics at the atomic and subatomic scales, such as “Does 
anti-matter really move backward through time?” and 
“What is quantum teleportation? Can we use it to commu-
nicate faster than light?” The “In-Between Things” part (12 
articles) handles queries that straddle the divide between 
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sense? Which fits better? The goal is not to train students 
in the creation of mathematical models. The goal is to 
create informed consumers of the conclusions of applied 
mathematics.

Modeling and Data Analysis 
An Introduction with 
Environmental Applications 
By John B. Little  

John Little’s book shares the noble 
goal of training future consumers 
of and participants in scientific 
arguments using mathematical 
modeling as in Kalman et al.’s 
Elementary Mathematical Models.  
But Modeling and Data Analysis 
restricts its attention to models 
of environmental phenomena. 

Little’s intent is for his readers to understand the predictions 
and limitations of a mathematical model of the physical 
environment, to be able to communicate that understand-
ing, and thereby be able to take part in informed public 
decision-making about critical environmental issues. Little 
is not political; he does not take a position on the human 
contribution to climate change or the desirability of nuclear 
power replacing coal. But he wants his students to be par-
ticipants in an informed, scientifically and mathematically 
accurate, public discussion in contrast with the current 
“debate” in the US.

Modeling and Data Analysis focuses exclusively on models 
that do not require knowledge of calculus. In addition to 
difference equations and linear, exponential, and power law 
growth models—topics also covered in Elementary Mathe-
matical Models—Little includes elementary topics in data 
science and statistics. Each chapter of Modeling and Data 
Analysis concludes with a substantial project intended for 
teams of students. The chapter on linear models, for exam-
ple, asks students to model carbon dioxide concentration in 
the atmosphere by using sixty years’ worth of data collected 
at Mauna Loa Observatory by the NOAA. The chapter on 
difference equations has students build a compartment 
model for the planet’s carbon cycle.

Either one of these books would form the basis for an 
extremely valuable and interesting introduction to mod-
eling. There is a good argument that such a course should 
be more widely taught.

Elementary Mathematical Models 
An Accessible Development without Calculus, 
Second Edition 

By Dan Kalman, Sacha Forgoston, 
and Albert Goetz

Each year tens of thousands of 
college students take the last 
mathematics course of their lives.  
For many students who do not 
plan to pursue a degree in STEM, 
that course is a class in college al-
gebra, or liberal arts mathematics, 
or quantitative reasoning. These 

are great final mathematical experiences; each serves a valid, 
indeed potentially noble, purpose.

Dan Kalman, lead author of Elementary Mathematical 
Models, suggests an alternative, equally noble in intent, 
terminal mathematics course. Kalman argues that we could 
teach students, who have an interest in science but no future 
plans to study it, how to understand scientific arguments 
based on mathematical models.

The book focuses on very simple classes of mathematical 
models of growth: linear, quadratic, exponential, logistic.  
All of the models are presented as simple difference equa-
tions and analyzed symbolically and graphically. Thus the 
mathematical content matter has considerable overlap 
with a college algebra or precalculus course, and students 
develop a degree of mastery over the elementary functions 
and their properties. But this facility is not developed as 
an end in itself, instead always with the greater purpose of 
understanding a model of some scientific phenomenon.

There are, literally, hundreds of modeling scenarios in 
the book. And the modeling is practiced realistically; we 
usually start with a very rudimentary growth model based 
on actual data. Gradually layers of adjustment and nuance 
are added. Always the reader is asked to consider questions 
of legitimacy: Does this assumption make sense? Does this 
result accord with your physical intuition? Is it realistic to 
use these twenty years of data to predict three centuries into 
the future? The authors try to use data from scenarios that 
students will care about: public health, ecology, climate 
science. The polar sea ice data they present can be mod-
eled either linearly or quadratically. Which makes more 
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NEW BOOKS

New Books Offered by the AMS

who are looking for an easy-going entry into discrete math-
ematics, induction and recursion, groups and symmetry, 
and plane geometry.

Pure and Applied Undergraduate Texts, Volume 39
September 2019, 304 pages, Hardcover, ISBN: 978-1-
4704-4932-2, LC 2019008163, 2010 Mathematics Subject 
Classification: 20–01; 11–01, 00A35, List US$82, AMS 
members US$65.60, MAA members US$73.80, Order 
code AMSTEXT/39

bookstore.ams.org/amstext-39

Analysis

The Dirichlet Space and 
Related Function Spaces
Nicola Arcozzi, University of 
Bologna, Italy, Richard Roch-
berg, Washington University in 
Saint Louis, MO, Eric T. Sawyer, 
McMaster University, Hamilton, 
ON, Canada, and Brett D. Wick, 
Washington University in Saint 
Louis, MO

The first part of this book is an 
introduction to the function the-

ory and operator theory of the classical Dirichlet space, a 
space of holomorphic functions on the unit disk defined 
by a smoothness criterion. The final chapters of the book 
focus on Besov spaces of holomorphic functions on the 
complex unit ball, a class of Banach spaces generalizing 
the Dirichlet space.

Mathematical Surveys and Monographs, Volume 239
August 2019, 536 pages, Hardcover, ISBN: 978-1-4704-
5082-3, LC 2019011699, 2010 Mathematics Subject Clas-
sification: 30–XX, 31–XX, 32–XX, 39–XX, 46–XX, 47–XX, 
List US$129, AMS members US$103.20, MAA members 
US$116.10, Order code SURV/239

bookstore.ams.org/surv-239

Algebra and 
Algebraic Geometry

Jordan Structures 
in Lie  Algebras
Antonio Fernández López, Uni-
versidad de Málaga, Spain

This book explores applications 
of Jordan theory to the theory of 
Lie algebras. Although the book 
is on an advanced and rather 
specialized topic, it spends some 
time developing necessary in-
troductory material, includes 
exercises for the reader, and is 

accessible to a student who has finished their basic grad-
uate courses in algebra and has some familiarity with Lie 
algebras in an abstract algebraic setting.

Mathematical Surveys and Monographs, Volume 240
August 2019, 299 pages, Hardcover, ISBN: 978-1-4704-
5086-1, LC 2019010955, 2010 Mathematics Subject Classifi-
cation: 17B05, 17C10; 17B60, 17B65, 17C65, List US$129, 
AMS members US$103.20, MAA members US$116.10, 
Order code SURV/240

bookstore.ams.org/surv-240

Sets, Groups, 
and Mappings
An Introduction to Abstract 
Mathematics
Andrew D. Hwang, College of the 
Holy Cross, Worcester, MA

This book introduces students 
to the world of advanced mathe-
matics using algebraic structures 
as a unifying theme. Having no 
prerequisites beyond precalculus 

and an interest in abstract reasoning, the book is suitable 
for students of math education, computer science or physics 

 Mathematical
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and 
Monographs

Volume 240

Jordan Structures
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 Mathematical
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Colloquium Publications, Volume 65
August 2019, 444 pages, Hardcover, ISBN: 978-1-4704-
5087-8, LC 2019011532, 2010 Mathematics Subject Classifi-
cation: 05C99, List US$99, AMS members US$79.20, MAA 
members US$89.10, Order code COLL/65

bookstore.ams.org/coll-65

Mathematical Physics

Quantum Field Theory: 
Batalin–Vilkovisky 
Formalism and Its 
Applications
Pavel Mnev, University of Notre 
Dame, IN, and Steklov Institute of 
Mathematics, St. Petersburg, Russia

Oriented toward a graduate 
mathematical audience, this 
book gives an introduction to 
the perturbative path integral 
for gauge theories, in particular, 

topological field theories, in Batalin–Vilkovisky formalism 
and to some of its applications. To elucidate the picture, 
the exposition is mostly focused on finite-dimensional 
models for gauge systems and path integrals, while giving 
comments on what has to be amended in the infinite-di-
mensional case relevant to local field theory.

University Lecture Series, Volume 72
September 2019, 192 pages, Softcover, ISBN: 978-1-4704-
5271-1, LC 2019015856, 2010 Mathematics Subject Classifi-
cation: 81T45; 81T18, 81T13, 58A50, 53D55, List US$60, 
AMS members US$48, MAA members US$54, Order code 
ULECT/72

bookstore.ams.org/ulect-72

Differential Equations

Lectures on Differential 
Equations
Philip L. Korman, University of 
Cincinnati, OH

Lectures on Differential Equations 
provides a clear and concise pre-
sentation of differential equa-
tions for undergraduates and 
beginning graduate students 
and should appeal especially to 
students in engineering and sci-
ence. Without being excessively 

theoretical, the book does address a number of unusual 
topics: Massera’s theorem, Lyapunov’s inequality, the iso-
perimetric inequality, numerical solutions of nonlinear 
boundary value problems, and more. There are also some 
new approaches to standard topics and an especially rich 
collection of problems.

AMS/MAA Textbooks, Volume 54
August 2019, 399 pages, Hardcover, ISBN: 978-1-4704-
5173-8, LC 2019015053, 2010 Mathematics Subject Classifi-
cation: 34–00, 34–01, 35–00, 35–01, 44–00, 44–01, 42A05, 
List US$85, AMS members US$63.75, MAA members 
US$63.75, Order code TEXT/54

bookstore.ams.org/text-54

Discrete Mathematics 
and Combinatorics

Graphs and Geometry
László Lovász, Eötvös Loránd 
University, Budapest, Hungary, and 
Hungarian Academy of Sciences, 
Budapest, Hungary

This book demonstrates how 
representing a graph in a geo-
metric way, which may not 
be directly connected to the 
graph-theoretic problem, often 
has mathematical meaning and 
applications in proofs and al-

gorithms. It offers readers with some knowledge of graph 
theory, linear algebra, and probability a thorough intro-
duction to this exciting new area with a large collection of 
illuminating examples and exercises.

American Mathematical Society

Colloquium Publications

Volume 65

Graphs and 
Geometry
 

László Lovász
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Contemporary Mathematics, Volume 734
August 2019, 310 pages, Softcover, ISBN: 978-1-4704-
3783-1, LC 2019008849, 2010 Mathematics Subject Clas-
sification: 01Axx, 14E20, 30C65, 34C23, 35L05, 37E35, 
37G99, 47B44, 83C57, 92C37, List US$117, AMS mem-
bers US$93.60, MAA members US$105.30, Order code 
CONM/734

bookstore.ams.org/conm-734

New AMS-Distributed 
Publications 

Algebra and 
Algebraic Geometry

Quantum Groups and 
Quantum Cohomology
Davesh Maulik, Massachusetts 
Institute of Technology, Cambridge, 
MA, and Andrei Okounkov, Co-
lumbia University, New York, NY

In this paper, the authors study 
the classical and quantum equiv-
ariant cohomology of Nakajima 
quiver varieties for a general 
quiver Q . Using a geometric R 
-matrix formalism, they con-

struct a Hopf algebra YQ , the Yangian of Q , acting on the 
cohomology of these varieties, and show several results 
about their basic structure theory. The authors prove a 
formula for quantum multiplication by divisors in terms 
of this Yangian action. The quantum connection can be 
identified with the trigonometric Casimir connection for 
YQ ; equivalently, the divisor operators correspond to certain 
elements of Baxter subalgebras of YQ . A key role is played 
by geometric shift operators which can be identified with 
the quantum KZ difference connection.

In the second part, the authors give an extended example 
of the general theory for moduli spaces of sheaves on C2, 
framed at infinity. Here, the Yangian action is analyzed ex-
plicitly in terms of a free field realization; the corresponding 
R -matrix is closely related to the reflection operator in Liou-
ville field theory. The authors show that divisor operators 
generate the quantum ring, which is identified with the full 
Baxter subalgebras. As a corollary of our construction, the 
authors obtain an action of the W-algebra W (gl(r )) on the 

New in Contemporary 
Mathematics
Algebra and 
Algebraic Geometry

Functional Analysis 
and Geometry
Peter Kuchment, Texas A & M 
University, College Station, TX, 
and Evgeny Semenov, Voronzeh 
State University, Voronezh, Russia, 
Editors

This is the first of two volumes 
dedicated to the centennial of 
the distinguished mathemati-
cian Selim Grigorievich Krein. 
The companion volume is Con-

temporary Mathematics, Volume 734.

Contemporary Mathematics, Volume 733
August 2019, 300 pages, Softcover, ISBN: 978-1-4704-3782-
4, LC 2019006068, 2010 Mathematics Subject Classification: 
01Axx, 14Rxx, 32Axx, 37Bxx, 46Axx, 46Bxx, 46Exx, 47Bxx, 
52Axx, 53C65, List US$117, AMS members US$93.60, 
MAA members US$105.30, Order code CONM/733

bookstore.ams.org/conm-733

Differential Equations

Differential Equations, 
Mathematical Physics, 
and Applications
Peter Kuchment, Texas A&M 
University, College Station, TX, 
and Evgeny Semenov, Voronzeh 
State University, Voronezh, Russia, 
Editors

This is the second of two vol-
umes dedicated to the centen-
nial of the distinguished math-
ematician Selim Grigorievich 

Krein. The companion volume is Contemporary Mathe-
matics, Volume 733.

ONTEMPORARY
ATHEMATICS

C
M

733

Functional Analysis 
and Geometry

Peter Kuchment
Evgeny Semenov

Editors

ONTEMPORARY
ATHEMATICS

C
M

734

Differential Equations, 
Mathematical Physics, 

and Applications

Peter Kuchment
Evgeny Semenov

Editors
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equivariant cohomology of rank r  moduli spaces, which im-
plies certain conjectures of Alday, Gaiotto, and Tachikawa.

A publication of the Société Mathématique de France, Marseilles (SMF), 
distributed by the AMS in the US, 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 408
April 2019, 212 pages, Softcover, ISBN: 978-2-85629-900-5, 
2010 Mathematics Subject Classification: 17B37, 14N35, List 
US$67, AMS members US$53.60, Order code AST/408

bookstore.ams.org/ast-408

Analysis

A Torsion Jacquet-
Langlands 
Correspondence
Frank Calegari, University of Chi-
cago, IL, and Akshay Venkatesh, 
Institute for Advanced Study, Princ-
eton, NJ

The authors prove a numerical 
form of a Jacquet-Langlands cor-
respondence for torsion classes 
on arithmetic hyperbolic 3-man-
ifolds.

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

A publication of the Société Mathématique de France, Marseilles (SMF), 
distributed by the AMS in the US, 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 409
May 2019, 226 pages, Softcover, ISBN: 978-2-85629-903-6, 
2010 Mathematics Subject Classification: 11F75, 11F80, 11F70, 
57M27, List US$67, AMS members US$53.60, Order code 
AST/409

bookstore.ams.org/ast-409

EUROPEAN 
MATHEMATICAL 
SOCIETY

FEATURED TITLE FROM THE

Explore more titles at
bookstore.ams.org.

Publications of the European Mathematical Society (EMS). 
Distributed within the Americas by

the American Mathematical Society.

Estimates 
for Differential 
Operators 
in Half-space
Igor W. Gel’man, Akko, Israel, 
and Vladimir G. Maz’ya, 
Linköping University, Sweden, 
University of Liverpool, UK, and 
Peoples’ Friendship University of 
Russia, Moscow, Russia

Translated from the German 
by Darya Apushkinskaya. 
Originally published in 1981 by 

Akademie-Verlag as Abschätzungen für Di� erentialoperatoren 
im Halbraum.

Inequalities for differential operators play a fundamental 
role in the modern theory of partial differential equa-
tions. Among the numerous applications of such inequal-
ities are existence and uniqueness theorems, error esti-
mates for numerical approximations of solutions and for 
residual terms in asymptotic formulas, as well as results 
on the structure of the spectrum. The inequalities cover 
a wide range of differential operators, boundary condi-
tions, and norms of the corresponding function spaces.

The book focuses on estimates up to the boundary of 
a domain. It contains a great variety of inequalities for 
differential and pseudodifferential operators with con-
stant coefficients. Results of final character are obtained 
without any restrictions on the type of differential oper-
ators. Algebraic necessary and sufficient conditions for 
the validity of the corresponding a priori estimates are 
presented.
A publication of the European Mathematical Society (EMS). Distributed within the Americas by 
the American Mathematical Society.

EMS Tracts in Mathematics, Volume 31; 2019; 264 pages; 
Hardcover; ISBN: 978-3-03719-191-0; List US$58; AMS 
members US$46.40; Order code EMSTM/31

Learn more at bookstore.ams.org/emstm-31.
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COMMUNICATION

areas as diverse as the geometry of convex bodies, graph the-
ory, and theoretical computer science. One of Talagrand's 
great achievements has been to examine this phenomenon 
in detail and hugely improve our understanding of it. In 
particular, he proved famous inequalities, using completely 
new techniques, that give new concentration results that are 
widely used in many different important settings.

“A third family of results for which he is famous concern 
objects known as spin glasses, which provide a mathe-
matical model of a physical phenomenon involving very 
disordered systems. Unlike many models from statistical 
physics, spin glasses have a double layer of randomness. 
First, the way in which different random variables (the 
spins in the spin glass language) will interact is chosen at 
random, which creates a very complex energy landscape, 
and then the random variables themselves are sampled 
randomly. One would then like to understand this large 
family of randomly interacting random variables and 
describe its typical features. Spin glasses have a short and 
simple definition, but they are notoriously hard to analyze. 
A significant advance was made by the theoretical physicist 
Giorgio Parisi, who proposed a formula for the free energy 
of a spin glass, which is an important quantity that encap-
sulates information about this random energy landscape. 
However, turning predictions of statistical physicists into 
mathematically rigorous arguments is often extremely hard, 
and a rich source of fascinating mathematical problems. 
Finding a complete rigorous proof in this case seemed to 
be way beyond what it was realistic to hope for, despite 
remarkable insights and progress by Francesco Guerra, 
but Talagrand managed to do it, thereby providing for the 
first time a complete mathematical underpinning for this 
extremely important physical theory.

“One notable feature of Talagrand’s career that marks 
him out from many other mathematicians is that when 
he solves a problem, he does not just leave it and move 

The Shaw Foundation’s state-
ment reads: “Michel Talagrand 
has made profound contri-
butions to probability and 
high-dimensional geometry, 
at least three of which could 
be described as revolutionary.

“A first major theme of Ta-
lagrand’s research is the study 
of suprema of stochastic pro-
cesses. A stochastic process is 
a collection of interacting ran-
dom variables. When one is 
given a large such collection, 

it is often of crucial importance to obtain information 
about how its maximum value is distributed. Starting with 
the case of Gaussian processes (here the random variables 
each have a Gaussian distribution, given by the famous ‘bell 
curve,’ and can be correlated in a certain way) and then for 
more general cases, Talagrand has developed tools, such 
as majorizing measures or generic chaining, that provide 
powerful and very useful bounds for how these maximum 
values behave.

“The second group of contributions concerns a phe-
nomenon known as concentration of measure. Broadly 
speaking, this says that many functions that depend on a 
large number of reasonably independent random variables 
are extremely likely to take values close to their average. For 
example, if one tosses a coin a thousand times, then the 
probability that the number of heads will be between 450 
and 550 is roughly 99.7 percent, and the probability that 
it will be more than 600 is approximately 2 millionths of 
1 percent. In such a situation, we say that the number of 
heads is concentrated. This phenomenon, often associated 
with the name of the mathematician Vitali Milman, is 
remarkably general and has a multitude of applications in 

Michel Talagrand 
Awarded Shaw Prize

The Shaw Foundation has announced the awarding of the 2019 Shaw Prize in Mathematical Sciences to Michel Tala-
grand of the French National Centre for Scientific Research (CNRS), France, “for his work on concentration inequalities, 
on suprema of stochastic processes and on rigorous results for spin glasses.”

Michel Talagrand
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About the Prize
The Shaw Prize is an international award established to 
honor individuals who are currently active in their respec-
tive fields and who have achieved distinguished and signif-
icant advances, who have made outstanding contributions 
in culture and the arts, or who have achieved excellence in 
other domains. The award is dedicated to furthering societal 
progress, enhancing quality of life, and enriching humani-
ty’s spiritual civilization. Preference is given to individuals 
whose significant work was recently achieved. 

The Shaw Prize consists of three annual awards: the 
Prize in Astronomy, the Prize in Science and Medicine, and 
the Prize in Mathematical Sciences. Established under the 
auspices of Run Run Shaw in November 2002, the prize is 
managed and administered by the Shaw Prize Foundation 
based in Hong Kong. The prize carries a cash award of 
US$1,200,000.

Previous recipients of the Shaw Prize in Mathematical 
Sciences are:

 • Luis Caffarelli (2018)
 • János Kollár and Claire Voisin (2017)
 • Nigel J. Hitchin (2016)
 • Gerd Faltings and Henryk Iwaniec (2015)
 • George Lusztig (2014)
 • David L. Donoho (2013)
 • Maxim Kontsevich (2012)
 • Demetrios Christodoulou and Richard S. Hamilton 

(2011)
 • Jean Bourgain (2010)
 • Simon K. Donaldson and Clifford H. Taubes (2009)
 • Vladimir Arnold and Ludwig Faddeev (2008)
 • Robert Langlands and Richard Taylor (2007)
 • David Mumford and Wen-Tsun Wu (2006)
 • Andrew Wiles (2005)
 • Shiing-Shen Chern (2004)

—Shaw Foundation announcement

on. Rather, he continues to work on it, improving his 
understanding and reworking his arguments until he has 
a well-developed theory that can be more easily used by 
other mathematicians. He has written monumental and 
highly influential textbooks on all the three topics just 
mentioned, and these have played a very significant part 
in the spread of his ideas, which are now central to the 
work of large numbers of other mathematicians. Talagrand 
is a true one-off, nearly always working on his own, and 
obtaining extraordinary and highly unexpected results that 
have changed the mathematical landscape.”

Biographical Sketch
Michel Talagrand was born in 1952 in France. He ob-
tained his PhD in mathematical sciences in 1977 from 
the University of Paris VI, France, under the direction 
of Gustave Choquet. From 1974 until his retirement in 
2017, he was part of the Functional Analysis Team of the 
Institute of Mathematics of the University Paris IV. He was 
successively research trainee, research associate, researcher 
and senior researcher for the French National Centre for 
Scientific Research (CNRS). He is a member of the French 
Academy of Sciences. Talagrand has been the recipient of 
the Peccot-Vimont Prize of the French Collège de France 
(1980), the Servant Prize of the French Académie des 
Sciences (1985), the Loève Prize (1995), and the Fermat 
Prize (1997). He was an invited speaker at the International 
Congress of Mathematicians (ICM) in 1990 and an ICM 
plenary speaker in 1998.
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chanics.” According to the prize citation, her work involves 
“challenging analytical questions motivated by fundamen-
tal questions in geophysics, fluid dynamics, biology and 
material science. The breadth of her work is impressive, 
spanning from unique continuation properties of elliptic 
and parabolic equations, to fluid-structure interaction 
problems and to nonlocal models of electroconvection.” 
The citation goes on to say, “Her remarkable technical 
abilities are evident in several of her works, in particular 
in her study, joint with Peter Constantin, of the critical 
surface-quasi-geostrophic equation in bounded domains. 
Ignatova developed a new approach to deal with bound-
aries, which provides also an alternative approach for the 
case without boundaries. Ignatova’s work on fluid-structure 
interaction problems, joint work with Kukavica, Lasiecka, 
and Tuffaha, establishes well-posedness of a system cou-
pling the fluid equations with a wave equation for an elastic 
structure with a moving free interface, and it is highly non-
trivial. This work highlights again Ignatova’s outstanding 
analytical skills, her unusual creativity, and her focus on 
physically important problems, for which the underlying 
mathematical analysis is technically extremely challeng-
ing.” Ignatova received her PhD in 2011 from the Univer-
sity of Southern California. She has held positions at the 
University of California, Riverside, Stanford University, and 
Princeton University before joining the faculty at Temple. 
The AWM-Sadosky Research Prize recognizes exceptional 
research in analysis by a woman early in her career.

Melody Chan of Brown University 
was chosen as the recipient of the 
2020 AWM-Microsoft Research Prize 
in recognition of her advances at the 
interface between algebraic geome-
try and combinatorics. The citation 
reads in part: “Chan is known for an 
exceptional combination of strength 
in both combinatorics and algebraic 
geometry, as well as her ability to 
fearlessly digest difficult techniques 
from other fields of mathematics. 

Chan has proved numerous conjectures across tropical 
geometry, graph theory, and algebraic geometry.” It goes 
on to say: “Chan’s foundational work on the moduli of 
metric graphs and tropical curves, both solo and with 

AWM Awards Announced
The Association for Women in Mathematics (AWM) has 
selected three mathematicians for major awards.

Tara Holm of Cornell University 
has been chosen as the 2019 AWM-
MAA Etta Z. Falconer Lecturer. She 
is “a well-respected expert in sym-
plectic geometry, the mathematical 
framework for classical and quantum 
mechanics.” The prize citation reads 
in part: “there are two tools in every 
symplectic geometer’s toolbox: the 
momentum map and holomorphic 
curves.” Holm “uses these tools to 

build bridges between symplectic geometry and other fields 
of mathematics and mathematical physics. She works to 
identify and quantify the essential features of a symplec-
tic structure and of the symmetries that preserve such a 
structure.” Holm has been a tireless mentor, working with 
PhD students and postdocs and with Project NExT of the 
Mathematical Association of America (MAA), advising an 
AWM chapter at Cornell, leading the Cornell Math Active 
Learning Initiative, and serving on the Schafer and Michler 
Prize committees. She has been chair of the AMS Com-
mittee on Education and has won several teaching awards 
at Cornell. She delivered the Falconer Lecture at the MAA 
Summer MathFest in Cincinnati, Ohio. Holm tells the 
Notices: “My life is currently busy with my husband (also a 
mathematician) and three kids! We enjoy cooking, playing 
games, exploring Ithaca and environs, and talking about 
math (my third-grader claims he's learned all the math he 
knows from us rather than his teachers, but I don't think 

we talk about math all that much!).  
I also love Kettlebells! I somehow 
manage to fit in a couple workouts a 
week through that, which keeps up 
my energy.”

Mihaela Ignatova of Temple 
University was awarded the 2020 
AWM-Sadosky Research Prize “in 
recognition of her contributions to 
the analysis of partial differential 
equations, in particular in fluid me-

Tara Holm

Mihaela Ignatova

Melody Chan
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Dinur Awarded 
2019 Gödel Prize

Irit Dinur of the Weizmann Institute 
of Science has been awarded the 2019 
Gödel Prize for her proof of the PCP 
theorem in her paper “The PCP The-
orem by Gap Amplification,” Journal 
of the ACM 54 (2007), no. 3.

The prize citation reads as follows: 
“The PCP theorem is one of the most 
influential and impressive results of 
the theory of computation, having 
fundamental implication both to the 

study of the inherent difficulty of approximation problems 
and to the study of probabilistic proof systems. This paper 
provides an alternative proof of the PCP theorem, which is 
fundamentally different from the original proof. The new 
proof is significantly simpler than the original, making its 
presentation in complexity courses a feasible task. In addi-
tion, it significantly improves on important parameters of 
the resulting PCP, yields the same improvements for locally 
testable codes, and has inspired much research including 
practical applications. Providing an alternative proof for a 
result of such importance is an achievement to celebrate, 
especially for a proof addressing issues that have been 
puzzling many researchers and resolving a central open 
problem in the area.

“Dinur’s proof diverges from the original proof, which 
relied on the arithmetization of NP. In this sense, the 
new proof is more direct and reveals new insights into 
the PCP theorem and into NP. The proof is pivoted at the 
‘amplification’ of PCP systems via a gradual process (of 
logarithmically many steps), while maintaining a direct 
connection with what is happening in terms of natural 
NP-complete problems. In fact, the amplification process 
is often described in terms of a natural constraint satisfac-
tion problem.”

Dinur is a professor of computer science at the Weizmann 
Institute of Science. Her research is in computational com-
plexity. She earned her doctorate in 2002 from Tel Aviv 
University. She is the recipient of the 2007 Michael Bruno 
Memorial Award in Computer Science by Yad Hanadiv. She 
was a plenary speaker at the 2010 International Congress 
of Mathematicians. In 2012, she won the Anna and Lajos 
Erdős Prize in Mathematics.

The Gödel Prize includes an award of US$5,000 and 
is named in honor of Kurt Gödel, who was born in 
Austria-Hungary (now the Czech Republic) in 1906. 
Gödel’s work has had immense impact upon scientific and 
philosophical thinking in the twentieth century. The award 

several co-authors, is central to the field, already having 
important applications, and is expected to continue to lead 
to further work far beyond the original papers. Chan’s work 
with López Martín, Pflueger, and Teixidor i Bigas proves 
beautiful new results on the expected number of turns in 
a random Young tableau and then applies them to give 
explicit topological information on Brill-Noether varieties 
that seemed beyond reach before their work.” Chan has 
been active in promoting the participation of women and 
diversity in mathematical research. She received her PhD in 
2012 from the University of California, Berkeley, and was 
an NSF Postdoctoral Fellow at Harvard University. She has 
received a Sloan Research Fellowship and an NSF CAREER 
Award. The AWM-Microsoft Research Prize recognizes 
exceptional research in algebra and number theory by a 
woman early in her career.

—From AWM announcements

Nguyen Luu Awarded 
2018 Sacks Prize
Danh (Danny) Nguyen Luu of the University of California, 
Los Angeles, has been awarded the 2018 Gerald Sacks Prize 
of the Association for Symbolic Logic (ASL). According to 
the prize citation, “his thesis, ‘The Computational Com-
plexity of Presburger Arithmetic,’ contains stunning results 
on the complexity of the decision problem for the linear 
theory of the integers. For example, whereas it has been 
known since the ’70s that the full decision procedure has 
doubly-exponential lower bounds, Nguyen’s thesis shows 
that even very restricted fragments have high complexity. 
Other results deal with VC-dimension of PA formulas and 
the complexity of the counting problem for various PA-de-
finable sets. The dissertation is a tour de force, combining 
methods from number theory, discrete geometry, model 
theory, and computational complexity.” Nguyen received 
his PhD in 2018 from the University of California, Los 
Angeles, under the direction of Igor Pak.

—ASL announcement

Irit Dinur
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can and will use diversity as a resource for enriching the 
education of all students.

—From a Ford Foundation announcement

USA Mathematical 
Olympiad
The 2019 USA Mathematical Olympiad (USAMO) was 
held in April 2019. The students who participated in the 
Olympiad were selected on the basis of their performances 
on the American High School and American Invitational 
Mathematics Examinations. The twelve highest scorers in 
this year’s AMO, listed in alphabetical order, were:

 • Vincent Bian, Poolesville High School, Poolesville, 
Maryland

 • Milan Haiman, Stuyvesant High School, New York, 
New York

 • Vincent Huang, Plano West Senior High School, Plano, 
Texas

 • Kevin Liu, Carmel High School, Carmel, Indiana
 • Luke Robitaille, Robitaille Home School, Texas
 • Victor Rong, Marc Garneau Collegiate Institute, To-

ronto, Ontario, Canada
 • Carl Schildkraut, Lakeside School, Nine Mile Falls, 

Washington
 • Colin Shanmo Tang, Lakeside School, Nine Mile Falls, 

Washington
 • Edward Wan, Saint John’s School, San Juan, Puerto Rico
 • Brandon Wang, Saratoga High School, Saratoga, Cal-

ifornia
 • Guanpeng Xu, Phillips Academy, Andover, Massachu-

setts
 • Daniel Zhu, Montgomery Blair High School, Silver 

Spring, Maryland
The twelve USAMO winners attended the Mathematical 

Olympiad Summer Program (MOSP) at the University of 
Nebraska–Lincoln in June 2019. Ten of the twelve took 
the team selection test to qualify for the US team. The six 
students with the highest combined scores from the test 
and the USAMO became members of the US team and 
competed in the International Mathematical Olympiad 
(IMO) held in Bath, United Kingdom, July 11–22, 2019. 
(The results of the IMO will appear in a future issue of the 
Notices.)

—From Mathematical Association of America announcements

recognizes his major contributions to mathematical logic 
and the foundations of computer science.

—Gödel Prize announcement

Esnault Awarded 
2019 Cantor Medal

Hélène Esnault of the Berlin Math-
ematical School has been named 
the recipient of the 2019 Cantor 
Medal by the German Mathematical 
Association (DMV). She was recog-
nized “for her outstanding scientific 
achievements in mathematics” and 
“her profoundly impressive results in 
algebraic geometry and their impact 
on other scientific areas.” 

Esnault was born in Paris and 
received her PhD in 1976 from the University of Paris 
VII. She did her habilitation at the University of Bonn 
in 1985. After holding positions at Paris VII, MPI Bonn, 
and the University of Duisburg-Essen, Esnault joined the 
faculty at Berlin and is head of the algebra and number 
theory research group. Her awards and honors include the 
Paul Doisteau-Emile Blutet Prize (2001) and the Gottfried 
Wilhelm Leibniz Prize (2003, jointly with Eckart Viehweg). 
She was an invited speaker at the 2002 ICM in Beijing and 
the 2012 ECM in Krakow.

The Cantor Medal is the most important scientific prize 
awarded by the DMV. It carries a cash award of 4,000 euros 
(approximately US$4,500).

—From a DMV announcement

Ford Foundation 
Fellows Announced
The Ford Foundation Fellowship Program has announced 
the names of the scholars for 2019 who have received 
predoctoral, dissertation, and postdoctoral fellowships in 
all areas of scholarship. Two mathematical scientists were 
awarded predoctoral fellowships. Theo R. McKenzie of the 
University of California, Berkeley, was awarded a fellowship 
in theoretical mathematics. Michole E. Washington of the 
University of Michigan–Ann Arbor received a fellowship in 
mathematics and education. The Ford Foundation Fellow-
ship programs seek to increase the diversity of the nation’s 
college and university faculties by increasing their ethnic 
and racial diversity, to maximize the educational benefits 
of diversity, and to increase the number of professors who 

Hélène Esnault
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were given to Anne Mae DeForge, Liberty High School, 
Hillsboro, Oregon, for “Applied Mathematical Modeling 
of Continuous Dynamic Systems of Fluids in Pipe Flows” 
and to AnaMaria Perez, Albuquerque Academy, Albuquer-
que, New Mexico, for “Classifying Magic Squares and Their 
Associated Symmetries Using a Chord Diagram Approach.” 
Second Awards of US$1,000 were given to Alexander 
Zhang, Lynbrook High School, San Jose, California, for 
“Solving a Cryptography Problem Using the Master Pyra-
minx” and to Rinni Bhansali, Half Hollow Hills High 
School East, Melville, New York, for “A Trust Model in 
Bootstrap Percolation.”

The National Security Agency Research Directorate 
awarded several prizes in the Mathematics category. A 
First Place Award of US$1,500 was awarded to Daniel 
Santiago, Centro Residencial de Oportunidades Educativas 
de Mayagüez, Mayagüez, Puerto Rico, for “Loop Spaces, 
P-Curvature, and Homotopy.” Second Place Awards of 
US$750 were given to John Piwinski, BASIS San Antonio 
Shavano Campus, Texas, for “On the Application of Heat 
Diffusion across a Manifold for Dimensionality Reduction” 
and AnaMaria Perez, “Classifying Magic Squares and Their 
Associated Symmetries Using a Chord Diagram Approach.” 
An Honorable Mention Award was given to Aayush Karan, 
University School of Milwaukee, Milwaukee, Wisconsin, 
for “Generating Set for Nonzero Determinant Links under 
Skein Relation.”

The Air Force Research Laboratory gave a First Award of 
US$750 in the Mathematics category to James Matthew 
Baker, Choctawhatchee High School, Fort Walton, Florida, 
for his project “Applications of Hyperdimensional Linear 
Algebra and Complex Analysis.”

The Ashtavadhani Vidwan Ambati Subbaraya Chetty 
Foundation (AVASC) awards projects that display out-
standing creativity and ingenuity and have the potential 
to alleviate the human condition or mark a substantive 
advancement in the scientific field. Selected for a Second 
Award of US$500 in Mathematics was Xander Jones, 
Navajo Preparatory School, Farmington, New Mexico, 
for “Contradictions in the Banach-Tarski Paradox within 
Euclidean Space.”

Innopolis University, a Russian institution of higher 
education, focuses on education and research in the fields 
of information technology and robotics. A full tuition 
scholarship for the bachelor’s program in computer science 
was awarded to Dimitar A. Chakarov, Model High School 
of Mathematics “Akademik Kiril Popov,” Plovdiv, Plovdiv, 
Bulgaria, for “Evaluation of the Complexity of Fully Ho-
momorphic Encryption Schemes in Implementations of 
Programs.” 

The United Technologies Corporation awarded 
US$3,000 in UTC common stock for projects showing 
excellence in science and engineering. The Mathematics cat-
egory award was given to Aayush Karan, University School 

Mathematical Sciences 
Awards at 2019 ISEF
The 2018 Intel International Science and Engineering Fair 
(ISEF) was held in Phoenix, Arizona, in May 2019. The 
Society for Science & the Public, in partnership with the 
Intel Foundation, selects a Best of Category contestant who 
receives a cash award of US$5,000; in addition, a US$1,000 
grant is given to the student’s school and the Intel ISEF 
Affiliated Fair he or she represents. The student chosen this 
year in the Mathematical Sciences category was AnaMaria 
Perez, Albuquerque Academy, Albuquerque, New Mexico, 
for her project “Classifying Magic Squares and Their Associ-
ated Symmetries Using a Chord Diagram Approach.” Perez 
also received the First Award of US$3,000.

All of the award winners in the mathematical sciences 
and the titles of their projects follow.

First Award (US$3,000): AnaMaria Perez, “Classifying 
Magic Squares and Their Associated Symmetries Using a 
Chord Diagram Approach.”

Second Awards (US$1,500): Aayush Karan, University 
School of Milwaukee, Milwaukee, Wisconsin, for “Gen-
erating Set for Nonzero Determinant Links under Skein 
Relation”; Rinni Bhansali, Half Hollow Hills High School 
East, Melville, New York, for “A Trust Model in Bootstrap 
Percolation.” 

Third Awards (US$1,000): Zong-Hong Cheng, Affiliated 
Senior High School of National Taiwan Normal University, 
Taipei, Taiwan, for “Finding Chebyshev-Type Functions”; 
John Piwinski, BASIS San Antonio Shavano Campus, San 
Antonio, Texas, for “On the Application of Heat Diffusion 
across a Manifold for Dimensionality Reduction”; and Seo 
Yeong Kwag, Blair Academy, Blairstown, New Jersey, and 
Taeyang Park, Peddie School, Hightstown, New Jersey, for 
“On the Largest Axes-Parallel Rectangle among Points in 
a Square.”

Fourth Awards (US$500): Drake Ludgate and Na-
thaniel Miner, Brush High School, Brush, Colorado, for 
“The Mathematical Correlations in an Origami Coiled 
Structure”; Daniel Santiago, Centro Residencial de Opor-
tunidades Educativas de Mayagüez, Mayagüez, Puerto Rico, 
for “Loop Spaces, P-Curvature, and Homotopy”; Andrei 
Mandelshtam, University High School, Irvine, California, 
for “Dynamics of the Tangent Map”; and Callum Preda-
vec, Mosman High School, Mosman, New South Wales, 
Australia, for “Planetary Transfer Calculator.” Predavec 
also received an Honorable Mention from the National 
Aeronautics and Space Administration (NASA).

A number of special awards were also given at ISEF. 
Mu Alpha Theta, the National High School and Two-Year 
College Mathematics Honor Society, honored four students 
in the Mathematics category. First Awards of US$1,500 
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First-Place Award (US$2,000): Ruslan Magdiev, School 
564, Saint Petersburg, Russian Federation, for “Geodesics 
in the Discrete Heisenberg Group.”

Second-Place Awards (US$1,000): Zong-Hong Cheng, 
The Affiliated Senior High School of National Taiwan 
Normal University, Taipei, Taiwan, for “Finding Cheby-
shev-Type Functions” and Andrei Mandelshtam, Univer-
sity High School, Irvine, California, for “Dynamics of the 
Tangent Map.” Cheng received a Third Award in the ISEF; 
Mandelshtam received a Fourth Award.

Third-Place Awards (US$500): Wei-Lun Chang and 
Pin-Hsien Yang, National Feng-Shan Senior High School, 
Kaohsiung, Taiwan, for “Jump Return Problem on the 
Circle”; Aayush Karan, University School of Milwaukee, 
Milwaukee, Wisconsin, for “Generating Set for Nonzero De-
terminant Links under Skein Relation”; Seo Yeong Kwag, 
Blair Academy, Blairstown, New Jersey, and Taeyang Park, 
Peddie School, Hightstown, New Jersey, for “On the Largest 
Axes-Parallel Rectangle among Points in a Square”; and 
Geidar Mamedov, School 564, Saint Petersburg, Russian 
Federation, for “On Stallings’ Geodesic Braids Conjecture.” 
In the ISEF, Karan received a Second Award, an Honorable 
Mention from the National Security Agency Research Di-
rectorate, and the Mathematics category award from United 
Technologies Corporation. Kwag and Park received Third 
Awards in the ISEF.

Honorable Mention Awards: Stepan Akinshin, The V. I. 
Chuykov School of Southeast Moscow, Moscow, Russian 
Federation, for “Geodesic Lines on Archimedean Solids”; 
James Baker, Choctawhatchee High School, Fort Walton 
Beach, Florida, for “Applications of Hyperdimensional 
Linear Algebra and Complex Analysis”; Daniil Kudriavtsev 
and Aleksei Krivovichev, School 564, Saint Petersburg, Rus-
sian Federation, for “Geometric and Algebraic Properties 
of  Twin Groups”; AnaMaria Perez, Albuquerque Academy, 
Albuquerque, New Mexico, for “Classifying Magic Squares 
and Their Associated Symmetries Using a Chord Diagram 
Approach”; and John Piwinski, BASIS San Antonio Sha-
vano Campus, San Antonio, Texas, for “On the Application 
of Heat Diffusion across a Manifold for Dimensionality 
Reduction.” In the ISEF, Perez received the Best of Category 
Award in the Mathematical Sciences, the First Award, a 
First Award of Mu Alpha Theta, and a Second Place Award 
from the National Security Agency Research Directorate. 
Baker received a First Award from the Air Force Research 
Laboratory. Piwinski received an ISEF Third Award and a 
Second Place Award from the National Security Agency 
Research Directorate.

The participation of the American Mathematical Society 
in ISEF is supported through income from the Karl Menger 
Fund, established by the family of the late Karl Menger, 
supplemented by the AMS general fund (see https://
www.ams.org/menger-award). For more information 
about this program or to make contributions to this fund, 

of Milwaukee, Milwaukee, Wisconsin, for “Generating Set 
for Nonzero Determinant Links under Skein Relation.”

—From a Society for Science and the Public announcement

AMS Menger Awards 
at the 2019 ISEF

The Intel International Science and Engineering Fair (Intel 
ISEF) is organized each year by the Society for Science & 
the Public. It is the world’s biggest math and science com-
petition for precollege students. ISEF 2019 took place in 
May in Phoenix, Arizona. Students from the United States 
and many other countries presented their research projects 
either as individuals or in teams after being selected from 
ISEF-affiliated regional science fairs. This year, there were 
forty-three finalists in the Mathematics category, represent-
ing ten countries, with projects covering a wide range of 
topics in both pure and applied mathematics.

The American Mathematical Society has been presenting 
awards to the top mathematics projects at ISEF since 1988. 
Since 1990, the awards have been named after Karl Menger. 
This year, as in recent years, the AMS awarded one first-
place prize, two second-place prizes, and four third-place 
prizes. In addition, five more projects received honorable 
mentions.

The award winners were chosen by the 2019 AMS Menger 
Prize Committee, consisting of Mira Bernstein (Canada/
USA Mathcamp), Keith Conrad (University of Connecti-
cut), and Michael Zieve (University of Michigan). The 
judges were impressed by the quality of the students’ work 
and enjoyed talking to the finalists about their research.

The 2019 Karl Menger Memorial Prize winners are:

Back Row: L to R: Wei-Lun Chang, Pin-Hsien Yang, Andrei 
Mandelshtam, Ruslan Magdiev
Front Row: L to R: Mira Bernstein (Chair), Zong-Hong Cheng, 
Aayush Karan, Geidar Mamedov, Seo Yeong Kwag, Taeyang 
Park
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contact the AMS Development Office, 201 Charles Street, 
Providence, RI 02904-2294; send email to development@
ams.org; or telephone 401-455-4111.

Next year’s Intel ISEF finals will be held on May 10–15, 
2020, in Anaheim, California. See https://student.
societyforscience.org/intel-isef for more infor-
mation.

—Mira Bernstein, Canada/USA Mathcamp
Keith Conrad, University of Connecticut

Michael Zieve, University of Michigan

Credits
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Women Doing Mathematics

Trachette Jackson, PhD

She uses mathematical models, computer simulations and model-driven experiments to advance the 
current understanding of tumor growth and angiogenesis and to quantify the relative impact of new, cell-
specific treatment strategies on the pathobiology of cancer. She received the Blackwell-Tapia Prize in 2010.

“Many of the challenges of contemporary biology and medicine lie at the intersection of the 
mathematical and biological sciences. Working at this interface and continually striving to further 
integrate the fields of mathematics and biology is both exciting and rewarding. There’s nothing I’d 
rather be doing with my career!”

Rebecca Goldin, PhD

Her research is in symplectic geometry, group actions and related combinatorics. She is Director of 
Research for the Statistical Assessment Service, a nonprofit media education and watchdog group affiliated 
with George Mason University concerned with the media’s use of statistics and mathematics.

“Mathematics for me touches on all the core joys of the human mind. It has rules, patterns, and 
structure, yet leaves so much room for creativity and invention. It impacts society deeply—from 
the roots of our education to the leading edge of science and technology—yet distinguishes itself 
by its sheer purity and abstraction. And there is almost nothing like the “aha!”moments that 
come with learning, teaching, understanding, or discovering something new in mathematics.”

Abigail Thompson, PhD 

Her current research is in low-dimensional topology and knot theory. As a consequence of her work, the 
concept of ‘thin position’ has emerged as a major tool for attacking some of the fundamental problems 
in the study of 3-manifolds.

“Some human constructions are unreasonably appealing, resonating with the part of our brain 
that recognizes beauty: suspension bridges, kites, sailboats, cellos, and elegant mathematical 
arguments.”

Some work independently, others work in collaboration as members of interdisciplinary teams. Many of them 
also teach at the college or university level, while others are employed in industrial or government laboratories. 

Whether they do mathematics for the sheer intellectual challenge, or for the critical insights it brings to solving 
important theoretical and real-world problems, women mathematicians love what they do. 

Highlighted here are just a few of the women doing mathematics today. Please visit www.ams.org/posters  
to order this in its original* poster format, the upcoming 2017 Women Doing Mathematics poster, or any other 
AMS poster that promotes awareness of mathematics, its beauty, and its many applications.
__________________________
* Edited for Notices 63:04 spread. 

Sommer Gentry, PhD 

Her research in optimization in kidney transplantation has been profiled in Science and TIME magazine 
and on television. She serves as an advisor to both the US and Canada in their efforts to create national 
paired donation registries, and her research group helped lobby Congress to clarify the legal status of 
kidney paired donation.

“I chose operations research because I wanted to make a difference to people’s lives. Operations 
research is like a toolkit that’s used everywhere: transportation, network security, credit 
cards, international relations, robotics, transplantation—I’ve worked in all these areas! If you 
master mathematical modeling you can be a contributor to almost any area of human endeavor.”



For more information on
women mathematicians and their work see

www.ams.org/women-mathematicians.
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Bryna Kra, PhD

Her research lies in dynamical systems and ergodic theory, with a focus on problems related to 
combinatorics and number theory. She was awarded a Centennial Fellowship of the American Mathematical 
Society in 2006 and the Conant Prize in 2010. She is a member of the AMS Board of Trustees.

“Every addition to our collective mathematical knowledge is a small triumph, from a child discovering 
a pattern, to a student solving an exercise, to a researcher taking a step in the proof of a new 
theorem. But nothing compares to the pure exhilaration that comes with proving an old conjecture 
or drawing a connection between seemingly unrelated concepts. Mathematics is the language for 
communicating such insights, connecting centuries of past research with future advances.”

Andrea L. Bertozzi, PhD

She develops mathematical methods and frameworks necessary to solve a diverse host of modern 
problems such as analyzing crime patterns, control of robotic vehicles, and fundamental physics of 
complex fl uids. Her research brings together ideas from differential equations, inverse problems, and 
statistical physics.

“I really enjoy working with students on applied mathematics research. It’s very rewarding to train 
students to make an impact in diverse areas of science and engineering using the mathematics 
that they develop.”
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Melanie Wood, PhD

While a high school student she became the fi rst female American to make the US International Math 
Olympiad Team. While at Duke University she won a Gates Cambridge Scholarship, Fulbright Fellowship, 
and a National Science Foundation Graduate Fellowship, became the fi rst American woman to be named 
a Putnam Fellow, and also pursued her interest in theater. Wood is assistant professor at the University of 
Wisconsin–Madison and an American Institute of Mathematics Five-Year Fellow.

“Insight. Originality. Inspiration. New perspectives. Opening your mind. Finding a diff erent way. 
Playing around. That is mathematics. There is a myth that mathematics is about memorization, 
technicalities, formulas, and equations—there is only one correct answer. This picture utterly fails 
to describe the creative process that is professional mathematics.”

Maria Chudnovsky, PhD

She studies the properties of graphs and was part of a team of researchers that proved a hypothesis in 
graph theory that had stumped mathematicians for 40 years. In addition to its mathematical beauty, graph 
theory can be a useful tool in operations research, computer science, and engineering. Chudnovsky is a 
MacArthur Fellow.

       “One of the best things about mathematics is that it teaches you to think clearly, no matter 
                      what you are thinking about.”

Ivelisse Rubio, PhD

Her research interests are applications of computational algebra, fi nite fi elds, Latin squares, and coding 
theory, which has applications in the internet, deep-space telecommunications, satellite broadcasting, and 
data storage. She has also organized and directed many undergraduate research programs and projects.

“Mathematics is a world where there is no certainty; Nothing is true until you prove it. I love the 
challenge of facing a problem that has not been solved, that it is not easy to solve and maybe no 
one will solve! Working in mathematics is also my way of being diff erent.”

For more information on
women mathematicians and their work see

www.ams.org/women-mathematicians.

MacArthur Fellow.

       “One of the best things about mathematics is that it teaches you to think clearly, no matter 
                      what you are thinking about.”
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“Zero forcing can be used to determine where to place 
phasor measurement units (PMUs) in an electric grid. These 
units measure voltage and current locally in a power grid 
and can be placed strategically to obtain measurements for 
the entire grid. More specifically, given the data that a PMU 
measures locally in a grid, Kirchhoff’s law and Ohm’s law 
allow for the entire grid to be measured if the PMUs form a 
power dominating set (meaning that these locations and their 
neighbors in the graph form a zero forcing set). According 
to the Department of Energy, the average overall cost per 
PMU in 2014 (cost for procurement, installation, and 
commissioning) ranged from $40,000 to $180,000. Thus, 
minimizing the number of PMUs installed is desirable.”

The Coalition for National Science Funding is an alli-
ance of over 130 organizations united by a concern for the 
future vitality of the national science, mathematics, and 
engineering enterprise. CNSF supports the goal of increased 
national support for the National Science Foundation's 
(NSF) research and education programs.

—AMS Office of Government Relations

Zero Forcing and Electric 
Power Systems Presented 
on Capitol Hill

The AMS sponsored an exhibit on zero forcing and electric 
power systems at the twenty-fifth annual Coalition for Na-
tional Science Funding (CNSF) Exhibition and Reception 
on Capitol Hill held April 30, 2019. Professor Michael 
Young, Iowa State University, presented “Power Domi-
nation: How Zero Forcing Is Used to Monitor an Electric 
Power Grid.”

Dr. Young presented his work to Congressional repre-
sentatives and other interested attendees by explaining: “In 
our work to enhance efficiencies in our nation’s power grid, 
we employ tools from theoretical graph theory. To see how 
this works, we consider a graph with each vertex colored 
either blue or white. If a white vertex is adjacent to a blue 
vertex, and it is the only white vertex adjacent to that blue 
vertex, then the white vertex switches to blue. This process 
is referred to as the zero forcing. If the white vertices of a 
graph all turn blue under this process, then the beginning 
set of blue vertices is a zero forcing set of the graph.
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From the AMS Public 
Awareness Office

*New Art Works on Mathematical Imagery. See Art Inspired 
by Mathematics and Nature, by Robert Fathauer (https:// 
www.ams.org/fathauer); Origami, by Robert J. Lang 
(https://www.ams.org/lang); Hyperbolic Crochet, by 
Daina Taimina (https://www.ams.org/taimina); and 
Mathematically-Inspired Images, by Kerry Mitchell (https:// 
www.ams.org/mitchell).

*Feature Column. Enjoy this series of essays on a wide 
range of topics, including “Understanding Kepler III—Pre-
decessors,” by Bill Casselman, on how Kepler's predecessors 
understood the apparent motion of the sun; “Topology and 
Elementary Electric Circuit Theory, II: Duality,” by Tony 
Phillips, on duality in electrical circuits; “Pretty as a Picture 
(Part I),” by Joe Malkevitch, on how pictures of equations 
of algebraic expressions inspired and continue to inspire; 
and “Non-negative Matrix Factorizations,” by David Austin, 
on two applications of non-negative matrix factorizations: 
image analysis and textual analysis (https://www.ams 
.org/featurecolumn).

—Annette Emerson and Mike Breen
AMS Public Awareness Officers

paoffice@ams.org

AMS Sponsors Students 
for CASE Workshop

The AMS sponsored 
two students to par-
ticipate in the Catalyz-
ing Advocacy in Sci-
ence and Engineering 
(CASE) workshop, or-
ganized by the Ameri-
can Association for the 
Advancement of Sci-
ence. Sumun Iyer from 
Cornell University and 
Sangsan Warakkagun 
from Boston College, 
both mathematics PhD 
students, participated 
in the workshop and 
made visits to their re-
spective congressional 
representatives’ offices 
on Capitol Hill.

This annual event 
introduces STEM students to the federal policymaking 
process and empowers them to become advocates for basic 
research throughout their careers. Fellows spend three and 
one-half days in a workshop in Washington, DC, learning 
about the structure and organization of Congress, the 
federal budget and appropriations processes, and tools for 
effective science communication and civic engagement.

More information about the workshop and the appli-
cation process can be found at http://bit.ly/2AWV4EJ.

—AMS Office of Government Relations

Left to right: Sumun Iyer, Sangsan 
Warakkagun
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Thank-You Notes to
Math Mentors Now Online

To celebrate The Next Generation Fund, our new AMS 
funding resource for doctoral students and early career 
mathematicians, we wanted to recognize ways in which 
each generation helps the next. At the 2019 Joint Mathe-
matics Meetings we invited people to write thank-you notes 
to their math mentors and others who have supported 
them. Their notes filled eight poster boards in all. Read 
all the wonderful messages at https://www.ams.org
/thankamentor.

—AMS Development Office

Math Teacher Donates
Matching Funds,
Inspires Many to Give

In her final term of a 50-year career teaching mathematics, 
Susan Wildstrom made a gift that inspired even more peo-
ple to help young mathematicians. She pledged $10,000 in 
matching funds to The Next Generation Fund. With an ex-
isting match already in place, Susan’s gift meant that people 
who gave would have their gifts quadrupled. Thanks to her 
vision we received gifts from many first-time donors, past 
donors, and several of her students and colleagues from 
Walt Whitman High School in Bethesda, MD.

A former student wrote: Dear Ms. Wildstrom, Many con-
gratulations on your retirement! Thanks so much for teaching 
me not only math but how to tackle challenges.

Thank you everyone who helped meet Susan’s matching 
gift challenge. Your donations will help doctoral students 
and early career mathematicians for many years to come.

—AMS Development Office

https://www.ams.org/thankamentor
https://www.ams.org/thankamentor
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Prime Factors Stories 
from Glass, McNamee, 
Washington, Whitney, 
and Yang Now Online

At the 2019 Joint Math-
ematics Meetings, the 
AMS partnered with The 
Story Collider to present 
five true personal stories 
about people and events 
that primed the story-
tellers' lifelong curiosity 
in math.  An audience 
of 150 people heard sto-
ries from Darren Glass 
of Gettysburg College, 

Hollee McNamee of Sunset High School and Embry-Riddle 
Aeronautical University, Talitha Washington of Howard 
University, Glen Whitney of Harvard University, and Kitty 
Yang of Northwestern University.

Prime Factors helped celebrate the creation of  The Next 
Generation Fund, a new funding resource at the AMS to 
support early career mathematicians. Listen to their stories 
at https://www.ams.org/storycollider.

—AMS Development Office

Credits
Capitol Hill photo and photo of Sumun Iyer and Sangsan 

Warakkagun are by Anita Benjamin.

http://math.ias.edu/
http://math.ias.edu/summercollaborators
http://math.ias.edu/wam/2020
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of their research careers. Work in all areas of mathematics, 
including interdisciplinary work, is eligible.

Deadline: The deadline for receipt of applications is De-
cember 1, 2019. The award recipient will be announced in 
February 2020 or earlier, if possible.

Application information: Find Centennial application 
information at https://www.ams.org/emp-centflyer. 
For questions, contact the Professional Programs Depart-
ment, American Mathematical Society, 201 Charles Street, 
Providence, RI 02904-2213; prof-serv@ams.org; 401-
455-4096.

—AMS Professional Programs Department

Ford Foundation Fellowships

Ford Foundation Fellowships, created to support diversity, 
are for US citizens or nationals committed to a career in 
teaching and research at the college or university level. 
Predoctoral Fellowships will provide three years of sup-
port for individuals engaged in graduate study leading to 
a PhD or ScD degree (deadline December 17, 2019), Dis-
sertation Fellowships will provide one year of support for 
individuals working to complete a dissertation leading to 
a PhD or ScD degree (deadline December 10, 2019), and 
Postdoctoral Fellowships will provide one year of support 
for individuals engaged in postdoctoral study after the at-
tainment of the PhD or ScD degree (deadline December 10, 
2019). See http://sites.nationalacademies.org/pga 
/fordfellowships, or contact infofell@nas.edu.

—From the Ford Foundation Fellowships website 

American Mathematical Society 
Centennial Fellowship

Invitation for Applications for Awards for 2020–2021

Deadline: December 1, 2019

Description: The AMS Centennial Research Fellowship 
Program makes awards annually to outstanding math-
ematicians to help further their careers in research. The 
number of fellowships to be awarded is small and depends 
on the amount of money contributed to the program. The 
Society supplements contributions as needed. At least one 
fellowship will be awarded for the 2020–2021 academic 
year. A list of previous fellowship winners can be found at 
https://www.ams.org/centennial-fellow. 

Eligibility: The eligibility rules are as follows: The primary 
selection criterion for the Centennial Fellowship is the 
excellence of the candidate’s research. Preference will be 
given to candidates who have not had extensive fellowship 
support in the past. Recipients may not hold the Centennial 
Fellowship concurrently with another research fellowship 
such as a Sloan or NSF Postdoctoral fellowship. Under 
normal circumstances, the fellowship cannot be deferred. 
A recipient of the fellowship shall have held his or her doc-
toral degree for at least three years and not more than twelve 
years at the inception of the award (that is, must be received 
between September 1, 2008, and September 1, 2017). Ap-
plications will be accepted from those currently holding 
a tenured, tenure-track, postdoctoral, or comparable (at 
the discretion of the selection committee) position at an 
institution in North America. Applications should include 
a cogent plan indicating how the fellowship will be used. 
The plan should include travel to at least one other insti-
tution and should demonstrate that the fellowship will be 
used for more than reduction of teaching at the candidate’s 
home institution. The selection committee will consider the 
plan, in addition to the quality of the candidate's research, 
and will try to award the fellowship to those for whom the 
award would make a real difference in the development 

http://sites.nationalacademies.org/pga/fordfellowships
http://sites.nationalacademies.org/pga/fordfellowships
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News from CIRM

The Centro Internazionale per la Ricerca Matematica 
(CIRM) will hold a series of conferences and mathemati-
cal meetings and a program of Research in Pairs for 2020. 
Proposals for conferences must be submitted before Sep-
tember 30, 2019. See the website http://cirm.fbk.eu 
/conferences. The Research in Pairs program is for two or 
three partners to work together at CIRM on specific research 
projects. Applications should be submitted at least three 
months before the planned stay. See the website http://
cirm.fbk.eu/research-pairs.

—Marco Andreatta
Director, CIRM

News from MSRI

The Mathematical Sciences Research Institute invites the 
submission of proposals for full- or half-year programs to 
be held at MSRI. Planning of such programs is generally 
done about three years ahead. Except in extraordinary cases, 
a subject is the focus of a program not more than once in 
ten years.

A scientific program at MSRI generally consists of up to 
nine months of concentrated activity in a specific area of 
current research interest in the mathematical sciences. MSRI 
usually runs two programs simultaneously, each with about 
forty mathematicians in residence at any given time. The 
most common program length is four months (typically 
in the form of a Fall or Spring semester program). Each 
program begins with a Connections for Women workshop 
and an Introductory workshop, the purpose of which is to 
introduce the subject to the broader mathematical com-
munity. The programs receive administrative and financial 
support from the Institute, allowing organizers to focus on 
the scientific aspects of the activities.

The Scientific Advisory Committee (SAC) of the Insti-
tute meets in January, May, and November each year to 
consider proposals for programs. The deadlines to submit 
proposals of any kind for review by the SAC are March 
1, October 1, and December 1.

Please see our website for specific proposal requirements 
and further information: www.msri.org/proposal.

MSRI also invites the submission of proposals for Hot 
Topics workshops and Summer Graduate Schools.

MSRI has been supported from its origins by the Na-
tional Science Foundation, now joined by the National 
Security Agency, by over 100 Academic Sponsor depart-
ments, by a range of private foundations, and by generous 
and farsighted individuals.

—Mathematical Sciences Research Institute, Berkeley, CA

AWM Travel Grants for Women

The National Science Foundation (NSF) and the Associ-
ation for Women in Mathematics (AWM) sponsor travel 
grant programs for women mathematicians. AWM Travel 
Grants for Women Researchers enable women to attend 
research conferences in their fields. AWM Mathematics 
Mentoring Travel Grants are designed to help junior women 
develop long-term working and mentoring relationships 
with senior mathematicians. See https://sites.google 
.com/site/awmmath/programs/travel-grants for 
application materials and deadlines, or email awm@awm 
-math.org.

—From an AWM announcement

Call for Nominations for Clay 
Research Fellowships

The Clay Mathematics Institute solicits nominations for 
Clay Research Fellowships. Fellows are appointed for a pe-
riod of one to five years. They may conduct their research 
at whatever institution or combination of institutions best 
suits their research. In addition to a generous salary, the 
fellows receive support for travel, collaboration, and other 
research expenses. The deadline for nominations is No-
vember 16, 2019. For more information, see http://www 
.claymath.org/programs/fellowship-nominations.

—From a Clay Mathematics Institute announcement

2019 SACNAS Conference

The Society for Advancement of Chicanos/Hispanics and 
Native Americans in Science (SACNAS) 2019 National 
Diversity in STEM Conference, to be held October 31–No-
vember 2, 2019, in Honolulu, Hawaii, provides three days 
of cutting-edge science, training, mentoring, and cultural 
activities for students and scientists at all levels. In particu-
lar, there will be programs and mentoring in mathematics. 
For more information, including travel support, see the 
conference home page: https://www.2019sacnas.org.

—From a SACNAS announcement

https://sites.google.com/site/awmmath/programs/travel-grants
https://sites.google.com/site/awmmath/programs/travel-grants
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Classified Advertising
Employment Opportunities

The Notices Classified Advertising section is devoted to listings of current employment opportunities. The publisher reserves the right to reject any listing 
not in keeping with the Society's standards. Acceptance shall not be construed as approval of the accuracy or the legality of any information therein. Advertisers 
are neither screened nor recommended by the publisher. The publisher is not responsible for agreements or transactions executed in part or in full based on 
classified advertisements. 
The 2019 rate is $3.50 per word. Advertisements will be set with a minimum one-line headline, consisting of the institution name above body copy, unless ad-
ditional headline copy is specified by the advertiser. Headlines will be centered in boldface at no extra charge. Ads will appear in the language in which they are 
submitted. There are no member discounts for classified ads. Dictation over the telephone will not be accepted for classified ads.
Upcoming deadlines for classified advertising are as follows: October 2019—July 17, 2019; November 2019—August 5, 2019; December 2019—September 17; 
2019; January 2020—October 21, 2019; February 2020—November 18, 2019; March 2020—December 30, 2019; April 2020—January 23, 2020; May 2020—Feb-
ruary 19, 2020; June/July 2020—April 17, 2020.
US laws prohibit discrimination in employment on the basis of color, age, sex, race, religion, or national origin. Advertisements from institutions outside the 
US cannot be published unless they are accompanied by a statement that the institution does not discriminate on these grounds whether or not it is subject to 
US laws.
Submission: Send email to classads@ams.org.

TCAM plans to fill in fifty or more permanent faculty 
positions in the next few years. In addition, there are a 
number of temporary and visiting positions. We look for-
ward to receiving your application or inquiry at any time. 
There are no deadlines.

Please send your resume to mathjobs@tju.edu.cn.
For more information, please visit cam.tju.edu.cn or 

contact Ms. Erica Liu at mathjobs@tju.edu.cn, telephone: 
86-22-2740-6039.

01

CHINA

Tianjin University, China 
Tenured/Tenure-Track/Postdoctoral Positions at 

the Center for Applied Mathematics

Dozens of positions at all levels are available at the recently 
founded Center for Applied Mathematics, Tianjin Univer-
sity, China. We welcome applicants with backgrounds in 
pure mathematics, applied mathematics, statistics, com-
puter science, bioinformatics, and other related fields. We 
also welcome applicants who are interested in practical 
projects with industries. Despite its name attached with 
an accent of applied mathematics, we also aim to create a 
strong presence of pure mathematics. Chinese citizenship 
is not required.

Light or no teaching load, adequate facilities, spacious 
office environment and strong research support. We are 
prepared to make quick and competitive offers to self-mo-
tivated hard workers, and to potential stars, rising stars, as 
well as shining stars.

The Center for Applied Mathematics, also known as the 
Tianjin Center for Applied Mathematics (TCAM), located 
by a lake in the central campus in a building protected as 
historical architecture, is jointly sponsored by the Tianjin 
municipal government and the university. The initiative 
to establish this center was taken by Professor S. S. Chern. 
Professor Molin Ge is the Honorary Director, Professor 
Zhiming Ma is the Director of the Advisory Board. Professor 
William Y. C. Chen serves as the Director.



2019 SECTIONAL SAMPLER
Invariants of Rings via
Equivariant Homotopy

Teena Gerhardt
What is algebraic 𝐾-theory? Why is it interesting? What
tools can we use to understand it? These are some of the
basic questions my talk at the AMS Fall Central Sectional
Meeting will aim to address.

Algebraic 𝐾-theory is an invariant of rings which illus-
trates a fascinating interplay between algebra and topology.
In the 1950s and 1960s, definitions of lower algebraic 𝐾-
groups first emerged out of work of Grothendieck, White-
head, Bass, Milnor, and others. For a ring 𝑅, one can de-
fine these lower 𝐾-groups—𝐾0(𝑅), 𝐾1(𝑅), and 𝐾2(𝑅)—
using constructions from algebra. For example, the group
𝐾1(𝑅) is GL(𝑅)/𝐸(𝑅), the quotient of the infinite general
linear group by a subgroup generated by certain elemen-
tary matrices. From their inception, these lower 𝐾-groups
had strong connections to topology. Indeed, quotients of
𝐾1(ℤ[𝐺]), the first algebraic𝐾-theory of group rings, play
an essential role in the classification of high-dimensional
manifolds via the 𝑠-cobordism theorem.

The early 1970s saw a major advance in the field when
Quillen defined higher algebraic 𝐾-theory, i.e., groups
𝐾𝑛(𝑅) for 𝑛 > 2. Interestingly, while lower 𝐾-groups
could be defined algebraically, Quillen’s definition of
higher algebraic 𝐾-theory relied on tools from topology.
Indeed, he defined these algebraic 𝐾-groups to be the ho-
motopy groups of a particular space associated to the ring
𝑅. Quillen later won the Fields Medal for his work in this
area.

Therewas immediate interest in computing these higher
algebraic 𝐾-groups, yet such computations have proven to
be very difficult. Even for basic rings like ℤ and ℤ/𝑝2ℤ,
the algebraic𝐾-groups still aren’t completely known today.
Interest in 𝐾-theory calculations remains strong, however,
due to the important role that 𝐾-theory plays across math-
ematical fields. The modern field of algebraic 𝐾-theory
lies at the crossroads of topology, algebraic geometry, and
number theory, with applications to motivic homotopy
theory, classification of manifolds, class field theory, etc.
Explicit computations of 𝐾-theory groups have important
applications to these areas.

One might try to understand algebraic 𝐾-theory by

Teena Gerhardt is an associate professor of mathematics at Michigan State Uni-
versity. Her email address is teena@math.msu.edu.

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

DOI: https://doi.org/10.1090/noti1939

approximating it with more computable ring invariants.
One classical invariant of rings is Hochschild homology,
which is indeed related to algebraic 𝐾-theory via a “trace”
map. The Hochschild homology of a ring 𝑅 is defined us-
ing homological algebra as the homology of a chain com-
plex formed from tensor powers of 𝑅. This definition is
purely algebraic, and the Hochschild homology groups of
a ring are computationally much more accessible than al-
gebraic 𝐾-theory. However, one loses a lot of the infor-
mation in this approximation. This is not so surprising.
We would not expect all of the information in algebraic
𝐾-theory to be captured by a purely algebraic invariant.

One of the foundational ideas of modern algebraic
topology is that one can often take constructions from al-
gebra and form topological analogues of these construc-
tions by replacing the ground ring ℤ with a topological
object called the sphere spectrum. It is possible to form
a topological analogue of Hochschild homology in this
way. Topological Hochschild homology (THH), defined
originally by Bökstedt, receives a trace map from algebraic
𝐾-theory and serves as a better approximation to𝐾-theory
than classical Hochschild homology.

Further, topological Hochschild homology has a circle
action, which gives it rich additional structure. Under-
standing this equivariant structure on THH leads to an
even better approximation to algebraic 𝐾-theory, called
topological cyclic homology (TC). Topological cyclic ho-
mology was originally defined by Bökstedt, Hsiang, and
Madsen, who also constructed a trace map from 𝐾-theory
to TC, lifting the trace map to THH:

𝐾𝑞(𝑅) → TC𝑞(𝑅) → THH𝑞(𝑅).
In nice situations, the cyclotomic trace map from𝐾-theory
to TC is close to an equivalence, and topological cyclic ho-
mology captures a great deal of information about alge-
braic𝐾-theory. So the question becomes, how computable
is topological cyclic homology? Note that to compute TC
one needs to understand THH not just as a topological ob-
ject but as a topological object with a circle action.

Equivariant homotopy theory is a branch of algebraic
topology which studies topological objects with a group
action. Algebraic 𝐾-theory itself is not an equivariant ob-
ject, yet it is often the tools of equivariant homotopy the-
ory that most easily facilitate its computation. This is a re-
markable fact about equivariant homotopy theory: it can
be used with great success to study some questions which
on the surface are not equivariant. Tools from equivari-
ant homotopy theory have proven extremely powerful in
studying algebraic 𝐾-theory. Indeed, the approach out-
lined above has resulted in many important algebraic 𝐾-
theory calculations, and in the last few years there have
been significant advances in this field. In this talk I will
give an introduction to algebraic 𝐾-theory and its applica-
tions and talk about modern methods to compute
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algebraic 𝐾-theory groups. I will explain the role of equi-
variant homotopy theory in this story and describe my re-
cent work in these areas.

Teena Gerhardt

Credits

Photo of Teena Gerhardt is courtesy of Matthew Hedden.
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Meetings & Conferences of the AMS
September Table of Contents

Meetings in this Issue

  2019  
September 14–15 Madison, Wisconsin p. 1356
October 12–13 Binghamton, New York p. 1358
November 2–3 Gainesville, Florida p. 1359
November 9–10 Riverside, California p. 1365

  2020  
January 15–18 Denver, Colorado p. 1373
March 13–15 Charlottesville, Virginia p. 1386
March 21–22 Medford, Massachusetts p. 1387
April 4–5 West Lafayette, Indiana p. 1388
May 2–3 Fresno, California p. 1388
September 12–13 El Paso, Texas p. 1389
October 3–4 State College, Penn. p. 1390
October 10–11 Chattanooga, Tennessee  p. 1390
October 24–25 Salt Lake City, Utah p. 1390

  2021  
January 6–9 Washington, DC p. 1391
May 1–2 San Francisco, California p. 1391
July 5–9 Grenoble, France p. 1391
July 19–23 Buenos Aires, Argentina p. 1392
October 9–10 Omaha, Nebraska p. 1392

  2022  
January 5–8 Seattle, Washington p. 1392 

  2023  
January 4–7 Boston, Massachusetts p. 1392

See www.ams.org/meetings for the  
most up-to-date information on the meetings and  

conferences that we offer.

The Meetings and Conferences section of the Notices gives 
information on all AMS meetings and conferences ap-
proved 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 sub-
mission. For some meetings the list may be incomplete. 
Information in this issue may be dated. 

The most up-to-date meeting and conference informa-
tion can be found online at: www.ams.org/meetings.

Important Information About AMS Meetings: Poten-
tial organizers, speakers, and hosts should refer to page 
127 in the January 2019 issue of the Notices for general 
information regarding participation in AMS meetings and 
conferences.

Abstracts: Speakers should submit abstracts on the 
easy-to-use interactive Web form. No knowledge of LATEX is 
necessary to submit an electronic form, although those who 
use LATEX may submit abstracts with such coding, and all 
math displays and similarly coded material (such as accent 
marks in text) must be typeset in LATEX. Visit www.ams.
org/cgi-bin/abstracts/abstract.pl. Questions 
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
Central Section: Georgia Benkart, University of Wiscon-
sin–Madison, Department of Mathematics, 480 Lincoln 
Drive, Madison, WI 53706-1388; email: benkart@math 
.wisc.edu; telephone: 608-263-4283.

Eastern Section: Steven H. Weintraub, Department of 
Mathematics, Lehigh University, Bethlehem, PA 18015-
3174; email: steve.weintraub@lehigh.edu; tele-
phone: 610-758-3717.

Southeastern Section: Brian D. Boe, Department of Math-
ematics, University of Georgia, 220 D W Brooks Drive, 
Athens, GA 30602-7403; email: brian@math.uga.edu; 
telephone: 706-542-2547.

Western Section: Michel L. Lapidus, Department of Math-
ematics, University of California, Surge Bldg., Riverside, 
CA 92521-0135; email: lapidus@math.ucr.edu; tele-
phone: 951-827-5910.

http://www.ams.org/cgi-bin/abstracts/abstract.pl
http://www.ams.org/cgi-bin/abstracts/abstract.pl
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Meetings & Conferences 
of the AMS

MEETINGS & CONFERENCES

IMPORTANT information regarding meetings programs: AMS Sectional Meeting programs do not appear in the print 
version of the Notices. However, comprehensive and continually updated meeting and program information with links 
to the abstract for each talk can be found on the AMS website. See https://www.ams.org/meetings. 

Final programs for Sectional Meetings will be archived on the AMS website accessible from the stated URL.

Madison, Wisconsin
University of Wisconsin-Madison

September 14–15, 2019
Saturday – Sunday

Meeting #1150
Central Section
Associate secretary: Georgia Benkart

Announcement issue of Notices: June 2019
Program first available on AMS website: July 23, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 40, Issue 3

Deadlines
For organizers: Expired
For abstracts: Expired

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

Invited Addresses
Nathan M Dunfield, University of Illinois, Fun with finite covers of 3-manifolds: connections between topology, geometry, 

and arithmetic.
Teena Gerhardt, Michigan State University, Invariants of rings via equivariant homotopy.
Lauren Williams, University of California, Berkeley, Probability and combinatorics: hopping particles and Macdonald poly-

nomials (Erdős Memorial Lecture).

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

Algebraic and Geometric Combinatorics, Benjamin Braun, University of Kentucky, Marie Meyer, Lewis University, and 
McCabe Olsen, Ohio State University.

Analysis and Probability on Metric Spaces and Fractals, Guy C. David, Ball State University, and John Dever, Bowling 
Green State University.

Applications of Algebra and Geometry, Shamgar Gurevich and Jose Israel Rodriguez, University of Wisconsin-Madison.
Arithmetic of Shimura Varieties, Chao Li, Columbia University, and Solly Parenti and Tonghai Yang, University of 

Wisconsin-Madison.
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Association Schemes and Related Topics – in Celebration of J.D.H. Smith’s 70th Birthday, Kenneth W. Johnson, Penn State 
University Abington, and Sung Y. Song, Iowa State University.

Automorphic Forms and L-Functions, Simon Marshall and Ruixiang Zhang, University of Wisconsin-Madison.
Categorical Gromov-Witten Invariants and Mirror Symmetry, Andrei Caldararu, University of Wisconsin-Madison, and 

Junwu Tu, University of Missouri-Columbia and Shanghai Tech University.
Classical and Geophysical Fluid Dynamics: Modeling, Reduction and Simulation, Nan Chen, University of Wisconsin-Mad-

ison, and Honghu Liu, Virginia Tech University.
Combinatorial Algebraic Geometry, Juliette Bruce and Daniel Erman, University of Wisconsin-Madison, Chris Eur, 

University of California Berkeley, and Lily Silverstein, University of California Davis.
Commutative Algebra: in Celebration of the 150th Birthday of Roger and Sylvia Wiegand, Nicholas Baeth, Franklin & Mar-

shall College, and Graham Leuschke, Syracuse University.
Computability Theory in honor of Steffen Lempp’s 60th birthday, Joseph S. Miller, Noah D. Schweber, and Mariya I. 

Soskova, University of Wisconsin–Madison.
Connecting Network Structure and Behavior of Biological Interaction Systems, David Anderson, Gheorghe Craciun, and 

Abhishek Deshpande, University of Wisconsin-Madison.
Connections between Noncommutative Algebra and Algebraic Geometry, Jason Gaddis and Dennis Keeler, Miami University.
Extremal Graph Theory, Józef Balogh, University of Illinois, and Bernard Lidický , Iowa State University.
Floer Homology in Dimensions 3 and 4, Jianfeng Lin, UC San Diego, and Christopher Scaduto, University of Miami.
Fully Nonlinear Elliptic and Parabolic Partial Differential Equations, Local and Nonlocal, Fernando Charro, Wayne State 

University, Stefania Patrizi, The University of Texas at Austin, and Peiyong Wang, Wayne State University.
Functional Analysis and Its Applications, Clement Boateng Ampadu, Boston, MA, and Waleed Al-Rawashdeh, Montana 

Tech University.
Geometry and Topology in Arithmetic, Rachel Davis, University of Wisconsin-Madison.
Geometry and Topology of Singularities, Laurentiu Maxim, University of Wisconsin-Madison.
Hall Algebras, Cluster Algebras and Representation Theory, Xueqing Chen, UW-Whitewater, and Yiqiang Li, SUNY at Buffalo.
Hodge Theory in Honor of Donu Arapura’s 60th Birthday, Ajneet Dhillon, University of Western Ontario, Kenji Matsuki 

and Deepam Patel, Purdue University, and Botong Wang, University of Wisconsin-Madison.
Homological and Characteristic p > 0 Methods in Commutative Algebra, Michael Brown, University of Wisconsin-Madison, 

and Eric Canton, University of Michigan.
Homotopy Theory, Gabe Angelini-Knoll and Teena Gerhardt, Michigan State University, and Bertrand Guillou, Uni-

versity of Kentucky.
Large Scale Properties of Interacting Stochastic Systems, Timo Seppalainen, Hao Shen, and Benedek Valko, University 

of Wisconsin-Madison.
Lie Representation Theory, Mark Colarusso, University of South Alabama, Michael Lau, Université Laval, and Matt 

Ondrus, Weber State University.
Model Theory, Uri Andrews and Omer Mermelstein, University of Wisconsin-Madison.
Nonlinear Dispersive Equations and Water Waves, Mihaela Ifrim, University of Wisconsin-Madison, and Daniel Tataru, 

University of California, Berkeley.
Number Theory and Cryptography, Eric Bach, University of Wisconsin-Madison, and Jon Sorenson, Butler University.
Quasigroups and Loops – in honor of J.D.H. Smith’s 70th birthday, J.D. Phillips, Northern Michigan University, and Petr 

Vojtechovsky, University of Denver.
Recent Developments in Harmonic Analysis, Theresa Anderson, Purdue University, and Joris Roos, University of Wis-

consin-Madison.
Recent Trends in the Mathematics of Data, Sebastien Roch, University of Wisconsin-Madison, David Sivakoff, Ohio State 

University, and Joseph Watkins, University of Arizona.
Recent Work in the Philosophy of Mathematics, Thomas Drucker, University of Wisconsin-Whitewater, and Dan Slough-

ter, Furman University.
Relations Between the History and Pedagogy of Mathematics, Emily Redman, University of Massachusetts, Amherst, Brit 

Shields, University of Pennsylvania, and Rebecca Vinsonhaler, University of Texas, Austin.
Several Complex Variables, Hanlong Fang and Xianghong Gong, University of Wisconsin-Madison.
Special Functions and Orthogonal Polynomials, Sarah Post, University of Hawai‘i at Manoa, and Paul Terwilliger, Uni-

versity of Wisconsin-Madison.
Stochastic Partial Differential Equations and Related Fields, Igor Cialenco, Illinois Institute of Technology, Yu Gu, Carnegie 

Mellon University, and Hyun-Jung Kim, Illinois Institute of Technology.
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Supergeometry, Poisson Brackets, and Homotopy Structures, Ekaterina Shemyakova, University of Toledo, and Theodore 
Voronov, University of Manchester.

Topics in Graph Theory and Combinatorics, Songling Shan and Papa Sissokho, Illinois State University.
Topology and Descriptive Set Theory, Tetsuya Ishiu and Paul B. Larson, Miami University.
Uncertainty Quantification Strategies for Physics Applications, Qin Li, University of Wisconsin-Madison, and Tulin Kaman, 

University of Arkansas.
Wave Phenomena in Fluids and Relativity, Sohrab Shahshahani, University of Massachusetts, and Willie W.Y. Wong, 

Michigan State University.
Zero Forcing, Propagation, and Throttling, Josh Carlson, Iowa State University, and Nathan Warnberg, University of 

Wisconsin-La Crosse.

Binghamton, New York
Binghamton University

October 12–13, 2019
Saturday – Sunday

Meeting #1151
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: August 2019

Program first available on AMS website: August 29, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 40, Issue 3

Deadlines
For organizers: Expired
For abstracts: August 20, 2019

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

Invited Addresses
Richard Kenyon, Brown University, What polygons can be tiled with squares?
Tony Pantev, University of Pennsylvania, Geometry and topology of wild character varieties.
Lai-Sang Young, New York University, A dynamical model for controlling of infectious diseases via isolation.

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 https://www.ams.org/cgi-bin/abstracts/abstract.pl.

Algebraic Combinatorics on the Occasion of the 75th Birthday of Thomas Zaslavsky (Code: SS 13A), Nathan Reff, State 
University of New York, The College at Brockport, and Lucas Rusnak, Texas State University.

Analysis and Applications of Deterministic and Stochastic Evolution Equations (Code: SS 10A), Vincent Martinez, City Uni-
versity of New York, Hunter College, and Kazuo Yamazaki, University of Rochester.

Commutative Algebra (Code: SS 9A), Bethany Kubik, University of Minnesota, Duluth, and Denise Rangel Tracy, 
Central Connecticut State University.

Effective and Quantitative Advances in Low Dimensional Topology and Geometric Group Theory (Code: SS 3A), Jenya Sapir, 
Binghamton University, and Edgar Bering, Temple University.

Group Actions on Manifolds and Related Spaces (Code: SS 12A), Thomas Koberda, University of Virginia, Yash Lodha, École 
Polytechnique Féderalé de Lausanne, Switzerland, and Matt Zaremsky, University at Albany, State University of New York.

Groups and Their Representations (Code: SS 1A), Jamison Barsotti and Rob Carman, College of William and Mary, and 
Daniel Rossi and Hung P. Tong-Viet, Binghamton University.

Homotopy Theory and Algebraic K-theory (Code: SS 5A), Cary Malkiewich, Binghamton University, Marco Varisco, Uni-
versity at Albany, and Inna Zakharevich, Cornell University.

Invariants of Knots, Links, and Low-dimensional Manifolds (Code: SS 15A), Moshe Cohen, Vassar College, Adam Giam-
brone, Elmira College, Adam Lowrance, Vassar College, and Jonathan Williams, Binghamton University.

Operator Theory and Complex Analysis (Code: SS 17A), Gabriel T. Prajitura and Ruhan Zhao, College at Brockport, SUNY.
Oriented Matroids and Related Topics (Code: SS 7A), Laura Anderson, Michael Dobbins, and Benjamin Schroeter, 

Binghamton University.
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Percolation, Random Graphs, and Random Geometry (Code: SS 11A), Shishendu Chatterjee and Jack Hanson, City Uni-
versity of New York, City College.

Recent Trends in Geometrical PDEs and Mathematical Physics (Code: SS 6A), Xiangjin Xu and Gang Zhou, Binghamton 
University.

Representations of Lie Algebras, Vertex Operators, and Related Topics (Code: SS 2A), Alex Feingold, Binghamton University, 
and Christopher Sadowski, Ursinus College.

Statistics (Code: SS 14A), Sanjeena Dang, Aleksey Polunchenko, Xingye Qiao, and Anton Schick, Binghamton Uni-
versity.

Stochastic Evolution of Discrete Structures (Code: SS 8A), Vladislav Kargin, Binghamton University.
What’s New in Group Theory? (Code: SS 4A), Luise-Charlotte Kappe, Binghamton University, and Justin Lynd and 

Arturo Magidin, University of Louisiana at Lafayette.
p-adic Analysis in Number Theory (Code: SS 16A), C. Douglas Haessig, University of Rochester, and Rufei Ren.

Gainesville, Florida
University of Florida

November 2–3, 2019
Saturday – Sunday

Meeting #1152
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: September 2019

Program first available on AMS website: September 19, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 40, Issue 4

Deadlines
For organizers: Expired
For abstracts: September 10, 2019

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

Invited Addresses
Jonathan Mattingly, Duke University, Quantifying Gerrymandering: revealing the geopolitical geometry of redistricting.
Isabella Novik, University of Washington, Face numbers: centrally symmetric spheres vs centrally symmetric polytopes.
Eduardo Teixeira, University of Central Florida, Geometric regularity theory for diffusive processes and their intrinsic free 

boundaries.

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 https://www.ams.org/cgi-bin/abstracts/abstract.pl.

Čech-Stone Compactification of Semigroups: Algebra, Topology, Dynamics, and Combinatorics (Code: SS 17A), Dana Bartošová 
and Jindřich Zapletal, University of Florida.

Algebras, Analysis and Physics (Code: SS 6A), Craig A. Nolder, Florida State University, Carmen Judith Vanegas Espi-
noza, Technical University of Manabi (Ecuador), and Soren Krausshar, Universitat Erfurt (Germany).

Analysis of Geometric and Evolutionary PDEs (Code: SS 16A), Yi Hu, Yongki Lee, Yuanzhen Shao, and Shijun Zheng, 
Georgia Southern University.

Applications of Differential Equations in Mathematical Biology (Code: SS 25A), Nehal Shukla, Columbus State University.
Applied Topology: Theory and Applications (Code: SS 12A), Peter Bubenik, University of Florida, and Nataša Jonoska, 

University of South Florida.
Combinatorial Lie Theory (Code: SS 3A), Erik Insko, Florida Gulf Coast University, Martha Precup, Washington Uni-

versity in St. Louis, and Edward Richmond, Oklahoma State University.
Crystallographic and Highly Symmetric Structures (Code: SS 15A), Milé Krajčevski and Gregory McColm, University of 

South Florida.
Effective Equations of Quantum Physics (Code: SS 18A), Israel Michael Sigal, University of Toronto, and Avy Soffer, 

Rutgers University.
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Experimental Mathematics in Number Theory and Combinatorics (Code: SS 20A), Hannah Burson, University of Illinois at 
Urbana-Champaign, Tim Huber, University of Texas, Rio Grande Valley, and Armin Straub, University of South Alabama.

Extremal and Probabilistic Combinatorics (Code: SS 19A), Linyuan Lu, University of South Carolina, and Yi Zhao, Georgia 
State University.

Fractal Geometry and Dynamical Systems (Code: SS 2A), Mrinal Kanti Roychowdhury, University of Texas Rio Grande 
Valley.

Geometric Structures on Manifolds (Code: SS 14A), Sam Ballas, Florida State University, Luca Di Cerbo, University of 
Florida, and Kate Petersen, Florida State University.

Geometric and Topological Combinatorics (Code: SS 1A), Bruno Benedetti, University of Miami, Steve Klee, Seattle Uni-
versity, and Isabella Novik, University of Washington.

Geometry of Gauge Theoretic Moduli Spaces (Code: SS 23A), Chris Kottke, New College of Florida, and Ákos Nagy, Duke 
University.

Homological Methods in Algebra (Code: SS 11A), Luigi Ferraro and W. Frank Moore, Wake Forest University.
New Developments in Mathematical Biology (Code: SS 21A), Maia Martcheva, University of Florida, Necibe Tuncer, 

Florida Atlantic University, and Libin Rong, University of Florida.
Nonlinear Elliptic Partial Differential Equations (Code: SS 13A), Mark Allen, Brigham Young University, and Eduardo V. 

Teixeira, University of Central Florida.
Nonlinear PDEs in Fluid Dynamics (Code: SS 10A), Ming Chen, University of Pittsburgh, Aseel Farhat, Florida State 

University, and Cheng Yu, University of Florida.
Nonlinear Solvers and Acceleration Methods (Code: SS 9A), Sara Pollock, University of Florida, and Leo Rebholz, Clem-

son University.
Partition Theory and Related Topics (Code: SS 22A), Dennis Eichhorn, University of California, Irvine, Frank Garvan, 

University of Florida, and Brandt Kronholm, University of Texas, Rio Grande Valley.
Patterns in Permutations (Code: SS 7A), Miklós Bóna and Vince Vatter, University of Florida.
Probabilistic and Geometric Tools in High-Dimension (Code: SS 4A), Arnaud Marsiglietti, University of Florida, and Artem 

Zvavitch, Kent State University.
Recent Progress in Operator Theory (Code: SS 8A), Mike Jury, Scott McCullough, and James Pascoe, University of Florida.
Recent Trends in Extremal Graph Theory (Code: SS 24A), Theodore Molla and Brendan Nagle, University of South Florida.
Topological Complexity and Related Topics (Code: SS 5A), Daniel C. Cohen, Louisiana State University, and Alexander 

Dranishnikov and Yuli B. Rudyak, University of Florida.

Accommodations
Participants should make their own arrangements directly with the hotel of their choice. Special discounted rates were 
negotiated with the hotels listed below. Rates quoted do not include the Florida state hotel tax (11.5%), local taxes and 
hotel fees may apply. Participants must state that they are with the American Mathematical Society’s (AMS) Fall South-
east Sectional Meeting 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.

AC Hotel Gainesville Downtown (.4 miles from Little Hall), 151 NW 14th Street, Gainesville, FL 32603; 
Tel. (352) 792-1151; https://www.marriott.com/hotels/travel/gnvac-ac-hotel-gainesville- 
downtown/?scid=bb1a189a-fec3-4d19-a255-54ba596febe2.  Rates are US$139 per night for all room 
types. To make a reservation online, please use this link: https://www.marriott.com/event-reservations/ 
reservation-link.mi?id=1551385645673&key=GRP&app=resvlink. The AC Hotel offers complimentary WiFi and 
has a business center on property. This hotel also has a fitness center with a rooftop pool. Valet parking is available at 
the AC Hotel for US$20 per night. The AC Kitchen serves a European-inspired breakfast each morning for US$15.95 per 
person. The deadline for reservations at this rate is October 3, 2019.

Home 2 Suites by Hilton (1.4 miles from Little Hall), 2115 SW 13th Street, Gainesville, FL 32608; Tel. (352) 372-
1025; https://home2suites3.hilton.com/en/hotels/florida/home2-suites-by-hilton-gainesville- 
GNVTHHT/index.html. Rates are US$149 per night for a suite with one queen bed and a sleeper sofa. Each suite fea-
tures a kitchen that includes a refrigerator, microwave oven, dishwasher, flatware, microwavable cookware, coffee maker, 
and toaster. Induction burner cooktops are free to check-out at the front desk. To make a reservation online, please 
use this link: https://secure3.hilton.com/en_US/ht/reservation/book.htm?inputModule=HOTEL&ctyhocn= 
GNVTHHT&spec_plan=CHTAMS&arrival=20191101&departure=20191103&cid=OM,WW,HILTONLINK,EN,DirectLink& 
fromId=HILTONLINKDIRECT. Home 2 Suites by Hilton offers complimentary hot breakfast and complimentary self 
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parking. This property has a business center, complimentary WiFi in the guest rooms, and a fitness center with a saline 
swimming pool. The deadline for reservations at this rate is October 4, 2019.

Hilton University of Florida, Conference Center, Gainesville (2.8 miles from Little Hall), 1714 SW 34th 
Street, Gainesville, FL 32607; Tel. (352) 371-3600; https://www3.hilton.com/en/hotels/florida/hilton- 
university-of-florida-conference-center-gainesville-GVNCCHF/index.html?SEO_id=GMB- 
HI-GVNCCHF. Rates are US$145 per night for a room with two queen beds or one king bed. To make a reservation online, 
please use this link: https://www.hilton.com/en/hi/groups/personalized/G/GVNCCHF-AMS19-20191101/index 
.jhtml?WT.mc_id=POG. The room rate includes breakfast for one and complimentary WiFi in the guest rooms. The 
Hilton offers free parking, a business center, a fitness center, and a pool. The Hilton also has an on-site restaurant. The 
deadline for reservations at this rate is October 4, 2019.

Aloft Gainesville University Area (3.6 miles from Little Hall), 3743 Hull Road, Gainesville, FL 32607; (352) 378-1100; 
https://www.alofthotelgainesville.com/. Rates are US$209 per night for a room with a king bed. To make a reser-
vation online, please use this link: https://www.marriott.com/meeting-event-hotels/group-corporate-travel/ 
groupCorp.mi?resLinkData=AMS%20Sectional%20Meeting%5EGNVAL%60AMSAMSA%7CAMSAMSB%60209.00%60USD 
%60false%602%6011/1/19%6011/4/19%6010/11/19&app=resvlink&stop_mobi=yes. The Aloft offers complimentary 
parking as well as free WiFi. This hotel has a fitness center with pool and a business center. The deadline for reservations 
at this rate is October 4, 2019.

Housing Warning 
Please beware of aggressive housing bureaus that target potential attendees of a meeting. They are sometimes called “room 
poachers” or “room-block pirates” and these companies generally position themselves as a meeting’s housing bureau, 
convincing attendees to unknowingly book outside the official room block. They call people who they think will more 
likely than not attend a meeting and lure them with room rates that are significantly less than the published group rate 
—for a limited time only. And people who find this offer tempting may hand over their credit card data, believing they 
have scored a great rate and their housing is a done deal. Unfortunately, this often turns out to be the start of a long, 
costly nightmare. 

Note that some of these room poachers create fake websites on which they represent themselves as the organizers of 
the meeting and include links to book rooms, etc. The only official website for this meeting is https://ams.org and 
one that has the official AMS logo.

These housing bureaus are not affiliated with the American Mathematical Society or any of its meetings, in any way. 
The AMS would never call anyone to solicit reservations for a meeting. The only way to book a room at a rate negotiated 
for an AMS Sectional Meeting is via a listing on AMS Sectional Meetings pages or Notices of the AMS. The AMS cannot be 
responsible for any damages incurred as a result of hotel bookings made with unofficial housing bureaus.

Food Services
On Campus: The dining outlets on campus are closed on the weekends, but there are many restaurants in Gainesville 
that are within walking distance of the meeting. Please see the next section, below, for the off-campus dining options.
Off Campus: Gainesville offers many dining options of all types of cuisine. There are many off-campus eateries within 
half a mile of the meeting, mostly in the West University Avenue/13th Street area. For more information on dining 
throughout Gainesville, as well as general information on visiting Gainesville, please visit www.visitgainesville.com. 
Some of the nearby off-campus dining options include: 

 • The Swamp, 1642 W University Ave.; www.swamprestaurant.com
 • Chipotle Mexican Grill, 1432 W University Ave.; www.chipotle.com
 • El Indio, 407 NW 13th St.; (352) 377-5828
 • BISTRO 1245, 1245 W University Ave.; (352) 376-0000
 • Leonardo’s By the Slice, 1245 W University Ave.; (352) 375-2007
 • Felipe’s Tacqueria, 1209 W University Ave.; www.felipestaqueria.com
 • Bagels & Noodles, 1222 W University Ave.; (352) 872-5789 
 • Leonardo’s 706, 706 W University Ave.; www.leonardosgainesville.com
 • Kabab House, 604 NW 13th St.; www.kababhousegainesville.com

Registration and Meeting Information
Advance Registration: Advance registration for this meeting opened on July 22, 2019. Advance registration fees are 
US$71 for AMS members, US$115 for nonmembers, US$13 for students and unemployed mathematicians, and US$15 
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for emeritus members. Fees are payable by check or credit card. Participants may cancel registrations made in advance 
by emailing mmsb@ams.org. 100% refunds will be issued for any advance registrations cancelled by the first day of the 
meeting. After this date, no refunds will be issued. 

On-site Information and Registration: The registration desk will be located in Little Hall, Room 215. The AMS book 
exhibit and coffee service will be located in Little Hall, Room 225. The Invited Address lectures will be located in Little 
Hall, Room 101, and the Special Sessions and Contributed Paper Sessions will be held in Little Hall and Turlington Hall. 
Please look for additional information about specific session room locations on the web and in the printed program. 
For further information on building locations, a campus map is available at https://campusmap.ufl.edu/#/index.

The registration desk will be open on Saturday, November 2, 7:30 am to 4:00 pm and Sunday, November 3, 8:00 am 
to 12:00 pm. The same fees listed above apply for on-site registration and are payable with cash, check, or credit card.

Program Books
In order to keep registration fees as low as possible, save on printing costs, and make the meetings more environmentally 
friendly, a small fee will be charged for receiving a program book.

If you want to receive a program book, please complete the section entitled “Printed Program” on the registration form 
and pay a nominal fee of US$3 for each copy. If you do not want to receive a program book, please skip that section and 
click “Next.” All purchased program books will be distributed at the registration desk at the meeting. No program books 
will be mailed before the meeting. A small quantity of program books may be available for purchase on-site at meetings, 
however supplies will be limited.

For your convenience, the following changes have been made to the website to make the program more accessible 
and mobile-friendly.

1. Online Timetable: The sectional meetings now have an online timetable display. It will provide a quick reference 
to where the sessions and rooms are located.

2. Print-friendly Pages: The pages of the program now have a “Print” button in the top right-hand corner. It is black 
and is depicted by a little printer. If you cannot see it, please maximize your window. The printer icon is sometimes 
bundled into the generic “share” icon when the window is re-sized. If you click the printer button, it will print 
the text of the page without additional webpage elements. If you go to the page of a special session and click the 
print icon, you will get a schedule of all the parts of that session. This can also be printed to pdf if you have a pdf 
printer installed.

3. Room Locations: The room locations are now more conspicuous in the web program when the program is sched-
uled.

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 and MAA members receive 40% off list price. Nonmembers receive a 25% 
discount. Not a member? Ask a representative about the benefits of AMS membership. 

AMS Editorial Activity: An acquisitions editor from the AMS book program will be present to speak with prospective 
authors. If you have a book project that you wish to discuss with the AMS, please stop by the book exhibit.

Membership Activities: During the meeting, stop by the AMS Membership Exhibit to learn about the benefits of AMS 
Membership. Members receive free shipping on purchases all year long and additional discounts on books purchased at 
meetings, subscriptions to Notices and Bulletin, discounted registration for world-class meetings and conferences, and more!

Complimentary refreshments will be served courtesy of, in part, the AMS Membership Department.

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 Department at mmsb@ams.org or meet@ams.org.
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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.

Harassment is a form of misconduct that undermines the integrity of AMS activities and mission.
The AMS will make every effort to maintain an environment that is free of harassment, even though it does not control 

the behavior of third parties. A commitment to a welcoming environment is expected of all attendees at AMS activities, 
including mathematicians, students, guests, staff, contractors and exhibitors, and participants in scientific sessions and 
social events. To this end, the AMS will include a statement concerning its expectations towards maintaining a welcoming 
environment in registration materials for all its meetings, and has put in place a mechanism for reporting violations. 
Violations may be reported confidentially and anonymously to (855) 282-5703 or at www.mathsociety.ethicspoint 
.com. The reporting mechanism ensures the respect of privacy while alerting the AMS to the situation. Violations may 
also be brought to the attention of the coordinator for the meeting (who is usually at the meeting registration desk), and 
that person can provide advice about how to proceed.

For AMS policy statements concerning discrimination and harassment, see the AMS Anti-Harassment Policy at www 
.ams.org/about-us/governance/policy-statements/anti-harassment-policy.

Questions about this welcoming environment policy should be directed to the AMS Secretary at www.ams.org/
about-us/governance/sec-contact.

Local Information and Maps
This meeting will take place on the University of Florida campus. A campus map can be found at https://campusmap 
.ufl.edu/#/index. Information about the University of Florida Department of Mathematics can be found at https://
math.ufl.edu. Please visit the university website at www.ufl.edu for additional information on the campus.

Please watch the AMS website at https://www.ams.org/meetings/sectional/sectional.html for additional 
information about this meeting. 

Parking
The campus parking garage which is most convenient to Little Hall is Parking Garage 8. Parking Garage 8 is located at 
1210 SW 8th Avenue, right next to Norman Field. A map showing the location of Parking Garage 8 can be found here: 
https://campusmap.ufl.edu/#/index.

Travel
This meeting will take place on the campus of the University of Florida located in Gainesville, Florida. Little Hall is located 
at 1400 Stadium Rd, Gainesville, FL 32611.
By Air: 
There are several airports to choose from when travelling to UF. Gainesville Regional Airport is your closest trip at roughly 
15 minutes. Jacksonville, Orlando, and Tampa airports are all an easy two-hour drive from UF. 

Gainesville Regional Airport (GNV), 3880 NE 39th Ave, Gainesville, FL 32609, www.flygainesville.com, is located 
6 miles from the University of Florida campus. Average travel time between the airport and campus is 15 minutes. 

The following four taxicab companies have cars at the airport waiting for each scheduled flight arrival.
 • G Taxi: (352) 777-9488
 • Luxury Cab Service: (352) 682-4019
 • Murphy’s Taxi: (352) 301-2096
 • 24 Hour Gainesville 1st. Cab: (352) 792-4000

Uber and Lyft are also permitted to operate at the Gainesville Regional Airport.
For information regarding all other ground transportation from Gainesville Regional Airport, please visit: gra-gnv 

.com/flygainesville.com/parking-and-transportation/ground-transportation.
Jacksonville International Airport (JAX), 2400 Yankee Clipper Drive, Jacksonville, FL 32218, is about 100 miles from 

the University of Florida campus. Please visit the airport website for a list of airlines and lists of cities with daily direct 
flights to JAX: www.flyjax.com/Home.aspx.

Information regarding rental cars available at JAX as well as all other ground transportation including taxis and shuttles 
can be found here: www.flyjax.com/content2015.aspx?id=13. 
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Orlando International Airport (MCO), One Jeff Fuqua Boulevard, Orlando, Florida 32827, is about 120 miles from 
the University of Florida campus. Please visit the airport website for a list of airlines and lists of cities with daily direct 
flights to MCO: https://orlandoairports.net.

Information regarding rental cars available at MCO as well as all other ground transportation including taxis and 
shuttles can be found here: https://orlandoairports.net/parking-transportation.

Tampa International Airport (TPA), 4100 George J Bean Pkwy, Tampa, FL 33607, https://www.tampaairport.com, 
is about 137 miles from the University of Florida campus. Please visit the airport website for a list of airlines and lists of 
cities with daily direct flights to TPA: https://www.tampaairport.com.

Information regarding rental cars available at TPA as well as all other ground transportation including taxis and shuttles  
can be found here: https://www.tampaairport.com/ground-transportation.

By Train: 
Amtrak does not have a train station in Gainesville, although there is an Amtrak Bus Station in Gainesville. The closest 
train stations are in Jacksonville and Orlando. One can take a bus from both the Jacksonville and Orlando stations to 
the Gainesville Amtrak Bus Station which is located at 700 Southeast 3rd Street in Gainesville. Please contact Amtrak at 
tel: 800-USA-RAIL, website: www.amtrak.com.

By Bus: 
There is a Greyhound Bus Station in Gainesville which is located at 101 NE 23rd Ave. Please contact Greyhound, tel: 
1-800-231-2222, website: www.greyhound.com for Bus Schedule information.

There is an Amtrak Bus Station in Gainesville which is located at 700 Southeast 3rd Street. Please contact Amtrak, tel: 
800-USA-RAIL, website: www.amtrak.com for schedules and other information.

By Car: 
From Gainesville Regional Airport: Turn right onto Major General John R Alison Ave and then turn left onto SR-24 W. 
Turn right onto SR-20 / SR-26 / SR-24 / E University Ave and then keep straight onto SR-24 / SR-26. Turn left onto SW 
12th St. At the roundabout, take the 2nd exit, then turn right onto SW 8th Ave. Parking Garage 8 will be on your left, 
1210 SW 8th Ave.

From Tallahassee: Take I-10 E for 93.1 miles. At exit 296A, take ramp right for I-75 South toward Tampa. At exit 384, 
take ramp right for SR-24 toward Gainesville.

Turn left onto SR-24 E and then bear left onto US-441 N / SR-24 E / SR-25 N / SW 13th St. Turn right onto SW 8th Ave. 
Parking Garage 8 will be on your left, 1210 SW 8th Ave.

From Jacksonville: Take I-10 West to US 301 S, then take US 301 S towards Gainesville. Take a slight right onto FL-24 
W / SW 4th Blvd / NE State Rd 24. Continue to follow FL-24 W / NE State Rd 24. Turn right onto NE State Rd 24 / E Uni-
versity Ave. Take SW 2nd Ave and SW 12th St. Your destination will be on your right, 1210 SW 8th Ave., Parking Garage 8. 

From Tampa: Take I-275 North to I-75 North toward Ocala. Take I-75 North for 110.9 miles. At exit 384, take ramp 
right for SR-24 toward Archer / Gainesville. Turn right onto SR-24 E. Bear left onto US-441 N / SR-24 E / SR-25 N / SW 
13th St and then turn right onto SW 8th Ave. Your destination will be on your right, 1210 SW 8th Ave.

From Orlando: Take I-75 N for 47 miles. At exit 374, take ramp right for CR-234 toward Micanopy. Turn right onto 
CR-234 and then turn left onto US-441 N / SR-25 N. Turn right onto SW 8th Ave. Parking Garage 8 is on your left, 1210 
SW 8th Ave.

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): 04N30009. 
You can also call Hertz directly at 800-654-2240 (US and Canada) or 405-749-4434 (other countries). At the time of 
your reservation, the meeting rates will be automatically compared to other Hertz rates and you will be quoted the best 
comparable rate available. Meeting rates include unlimited mileage and are subject to availability. Advance reservations 
are recommended, blackout dates may apply.

Local Transportation
Bus Service: RTS, Regional Transit Service, servicing Gainesville and the University of Florida, has several bus stops in the 
area of the meeting. For a map and schedule, please visit: go-rts.com.

Taxi Service: Licensed, metered taxis are available through Gainesville Cab, (352) 371-1515, and Yellow Cab 24hr., 
(352) 374-8484.

Both Lyft and Uber also operate in the Gainesville area.
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Weather
The average high temperature in Gainesville for November is in the mid 70s, Fahrenheit, and the average low is in the mid 
50s, 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 hashtag #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 https://travel.state.gov/content 
/travel/en.html. If you need a preliminary conference invitation in order to secure a visa, please send your request to 
epm@ams.org. 

If you discover you do need a visa, the National Academies website (see above) provides these tips for successful 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 permanent 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 organizer 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.

Riverside, California
University of California, Riverside

November 9–10, 2019
Saturday – Sunday

Meeting #1153
Western Section
Associate secretary: Michel L. Lapidus

Announcement issue of Notices: September 2019
Program first available on AMS website: September 12, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 40, Issue 4

Deadlines
For organizers: Expired
For abstracts: September 3, 2019

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

Invited Addresses
Robert Boltje, University of California, Santa Cruz, Global-local conjectures in the representation theory of finite groups.
Jonathan Novak, University of California, San Diego, A tale of two (matrix) integrals.
Anna Skripka, University of New Mexico, Albuquerque, Operator integrals in theory and applications.
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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 abstract submission 
form found at https://www.ams.org/cgi-bin/abstracts/abstract.pl.

AWM, with Emphasis on Geometry and Dynamics (Code: SS 13A), Weitao Chen, Savanna Gee, Paige Helms, and Qixuan 
Wang, University of California, Riverside.

Advances in Functional Analysis (Code: SS 17A), Marat Markin, California State University, Fresno, and Yunied Puig De 
Dios, University of California, Riverside.

Advances in Operator Algebras (Code: SS 31A), Scott Atkinson, Vanderbilt University, Rolando de Santiago, UCLA, and 
Feng Xu, UC Riverside.

Algebraic and Combinatorial Structures in Knot Theory (Code: SS 6A), Jieon Kim, Pusan National University, and Sam 
Nelson, Claremont McKenna College.

Analysis of Nonlinear Partial Differential Equations and Applications (Code: SS 9A), Nam Q. Le, Indiana University, Bloom-
ington, and Connor Mooney, University of California, Irvine.

Applied Category Theory (Code: SS 12A), John Baez and Joe Moeller, University of California, Riverside.
Applied Partial Differential Equations and Optimization (Code: SS 24A), Yat Tin Chow and Amir Moradifam, University 

of California, Riverside.
Arithmetic Geometry in Finite Characteristic (Code: SS 22A), Nathan Kaplan and Vlad Matei, University of California 

Irvine.
Canonical Bases, Cluster Structures and Non-commutative Birational Geometry (Code: SS 11A), Arkady Berenstein, Univer-

sity of Oregon, Eugene, Jacob Greenstein, University of California, Riverside, and Vladimir Retakh, Rutgers University.
Celebrating MM Rao’s Many Mathematical Contributions as he Turns 90 Years Old (Code: SS 27A), Jerome Goldstein, 

University of Memphis, and Michael Green, Alan Krinik, Randall J. Swift, and Jennifer Switkes, California State Poly-
technic University, Pomona.

Computational Methods in Hyperbolic Geometry (Code: SS 35A), Brian Benson, University of California, Riverside, and 
Jeffrey S. Meyer, California State University, San Bernardino.

Data Science (Code: SS 16A), Shuheng Zhou, University of California, Riverside.
Differential Equation, Differential Geometry and Mathematical General Relativity (Code: SS 26A), Po-Ning Chen and  

Michael McNulty, University of California, Riverside.
Dynamical Systems and Ergodic Theory (Code: SS 10A), Nicolai Haydn, University of Southern California, Huyi Hu, 

Michigan State University, and Zhenghe Zhang, University of California, Riverside.
Fluid Dynamics: from Theory to Numerics (Code: SS 18A), James P Kelliher and Ali Pakzad, University of California, 

Riverside.
Fractal Geometry, Dynamical Systems, and Related Topics (Code: SS 30A), Tim Cobler, Fullerton College, Therese Landry, 

University of California, Riverside, Erin Pearse, California Polytechnic State University, San Luis Obispo, and Goran 
Radunovic, University of Zagreb.

Geometric Methods in Representation Theory (Code: SS 25A), Mee Seong Im, United States Military Academy, West Point, 
Neal Livesay, University of California, Riverside, and Daniel Sage, Louisiana State University.

Geometric Partial Differential Equations and Variational Methods (Code: SS 4A), Longzhai Lin, University of California, 
Santa Cruz, Xiangwen Zhang, University of California, Irvine, and Xin Zhou, University of California, Santa Barbara.

Geometry and Representation Theory of Quantum Algebras and Related Topics (Code: SS 19A), Mee Seong Im, United States 
Military Academy, West Point, Bach Nguyen, Temple University, Hans Nordstrom, University of Portland, and Karl 
Schmidt, University of California, Riverside.

Graph Theory (Code: SS 29A), Zhanar Berikkyzy and Mei-Chu Chang, University of California, Riverside.
Integrating Forward and Inverse Modeling: Machine Learning and Multiscale, Multiphysics Challenges (Code: SS 21A), Mark 

Alber, University of California, Riverside, and William Cannon, Pacific Northwest National Laboratory.
Interactions between geometric group theory and Teichmüller theory (Code: SS 36A), Matthew Durham, University of Cal-

ifornia, Riverside, and Thomas Koberda, University of Virginia.
Invariants of Knots and Spatial Graphs (Code: SS 5A), Alissa Crans, Blake Mellor, and Patrick Shanahan, Loyola Ma-

rymount University.
Inverse Problems (Code: SS 3A), Hanna Makaruk, Los Alamos National Laboratory, and Robert Owczarek, University 

of New Mexico, Albuquerque and University of New Mexico, Los Alamos.
Mathematical Biology: Multi-Scale Modeling of Complex Biological Systems (Code: SS 15A), Suzanne Sindi and Mikahl 

Banwarth-Kuhn, University of California, Merced.
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Mathematical Modeling in Developmental Biology (Code: SS 14A), Weitao Chen and Qixuan Wang, University of Cali-
fornia, Riverside.

Random Matrices and Related Structures (Code: SS 2A), Jonathan Novak, University of California, San Diego, and Karl 
Liechty, De Paul University.

Representations of Finite Groups and Related Topics (Code: SS 7A), Robert Boltje, University of California at Santa Cruz, 
Klaus Lux, University of Arizona at Tucson, and Amanda Schaeffer Fry, Metropolitan State University of Denver.

Research in Mathematics by Early Career Graduate Students (Code: SS 20A), Marat Markin and Khang Tran, California 
State University, Fresno.

Several Complex Variables and Complex Dynamics (Code: SS 34A), Xin Dong, University of California, Irvine, and Sara 
Lapan and Bun Wong, University of California, Riverside.

Symplectic and Low Dimensional Topology (Code: SS 33A), Nur Saglam, University of California, Riverside.
Topics in Algebraic Geometry (Code: SS 23A), Jose Gonzalez, Ziv Ran, and Zhixian Zhu, University of California, Riverside.
Topics in Extremal and Structural Graph Theory (Code: SS 32A), Andre Kundgen, California State University San Marcos, 

and Craig Timmons, California State University Sacramento.
Topics in Global Geometric Analysis (Code: SS 8A), Fred Whilhelm and Qi Zhang, University of California, Riverside.
Topics in Operator Theory (Code: SS 1A), Anna Skripka and Maxim Zinchenko, University of New Mexico.
Undergraduate Research in Mathematics: Presentations on Research and Mentorship (Code: SS 28A), David Weisbart, Uni-

versity of California, Riverside.

Accommodations
Participants should make their own arrangements directly with the hotel of their choice. Special discounted rates were 
negotiated with the hotels listed below. Quoted rates are exclusive of applicable state and local taxes, currently 13%, and 
other hotel fees may apply. Participants must state that they are with the American Mathematical Society’s (AMS) Fall 
Western Sectional Meeting 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.

Quality Inn Riverside, 1590 University Ave, Riverside, CA 92507; (951) 683-6000; https://www.choicehotels 
.com/california/riverside/quality-inn-hotels/ca677?source=gyxt. Rates are US$79 per night for a single 
king bed or US$89 for two double beds. Amenities include free Wi-Fi, free hot breakfast, free parking, fitness center, and 
outdoor pool. This property is located about an 11 minute drive 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 October 24, 2019.

Hyatt Place Riverside Downtown, 3500 Market St, Riverside, CA 92501; (951) 321-3500; https:// 
riversidedowntown.place.hyatt.com/en/hotel/home.html. Rates are US$149 per night for a room with a single 
king bed or two queen beds. Amenities include free hot breakfast buffet daily, free high speed Internet, free local phone 
calls, complimentary public computers with printer, and fitness center. Parking is available at US$14 per vehicle per 
night. The parking rate is subject to change and the parking fee in effect during the dates of your stay will be charged. This 
property is about an 8 minute drive from campus. Cancellation and early check-out policies vary and penalties exist at 
this property; be sure to check when you make your reservation. Individual cancellations must be made 72 hours prior to 
arrival. Any cancellations within 72 hours of arrival will be subject to a charge of one night room and tax. The deadline 
for reservations at this rate is October 25, 2019.

The Mission Inn Hotel and Spa, 3649 Mission Inn Ave, Riverside, CA 92501; (951) 784-0300; www.missioninn 
.com. Rates are US$189 per night for a king deluxe or king raincross room. To book online visit bookings.ihotelier.
com/bookings.jsp?groupID=2525102&hotelID=74028. Amenities include award winning restaurants and bars, heated 
outdoor pool and Jacuzzi, fitness center, and full service spa, and wireless Internet is available for purchase. Self-parking is 
available at a cost of US$17 a night and valet is available at US$23 a night. The parking rate is subject to change and the 
parking fee in effect during the dates of your stay will be charged. This property is about a 10 minute drive 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 hotel will require a major credit card or check for one night’s deposit stay to guarantee each reservation. 
The first night’s deposit will be applied to each reservation. The advance deposit check must be received a minimum of 
thirty business days prior to arrival. Individual reservations must be cancelled a minimum of forty-eight hours in advance 
to avoid cancellation charges equal to one night’s stay. The deadline for reservations at this rate is October 9, 2019.

Courtyard Marriott Riverside, 1510 University Ave, Riverside, CA 92507; (951) 276-1200; www.marriott.com/hotels 
/travel/ralcy-courtyard-riverside-ucr-morenovalley-area. Rates are US$139 per night for a single king bed 
or two queen beds. Amenities include an outdoor pool, fitness center, a new lobby with flexible work space, an inviting 
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lounge area, complimentary high-speed Internet, and a business center. This property is approximately a 15 minute walk 
from campus. Hotel will provide complimentary parking to guests attending the event for one vehicle per room per night. 
Cancellation and early check-out policies vary and penalties exist at this property; be sure to check when you make your 
reservation. All sleeping rooms shall be subject to an early departure fee equal to one night’s room rate, plus applicable 
fees, taxes, and assessments. The deadline for reservations at this rate is October 8, 2019.

America’s Best Value Inn Hotel Riverside, 4045 University Ave, Riverside, CA 92501; (951) 686-6666; www.redlion 
.com/ca/riverside/americas-best-value-inn-riverside. Rates are US$105 per night for a double occupancy, 
single queen bed room; US$115.99 per night for a double occupancy, one double bed and one twin bed room; and 
US$125.99 per night for a double occupancy with two double beds. More than two guests will incur additional fees. 
Amenities include free wireless Internet access in all guest rooms and public areas, outdoor swimming pool, and com-
plimentary continental breakfast every morning. Complimentary parking is also available. This property is about 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 reservations at this rate is October 11, 2019.

Ayres Hotel & Spa Moreno Valley, 12631 Memorial Way, Moreno Valley, CA 92553; (951) 571-4141; https://www 
.ayreshotels.com/ayres-hotel-spa-moreno-valley. The rate is US$129 per night for a standard room. To book a 
room call the front desk at (951) 571-4141 ex “0” and ask for “American Mathematical Society Group Block.” Amenities 
include 24-hour business center, 24-hour fitness center, laundry facility, 24-hour gift shop, free coffee, complimentary Wi-Fi, 
free breakfast, and complimentary parking. This property is located about a 15 minute drive from campus. Cancellation 
and early check-out policies vary and penalties exist at this property; be sure to check when you make your reservation. 
This rate is valid until there are no rooms available for booking at this rate.

The following properties do not have a group block but are located near the meeting:
Hampton Inn & Suites by Hilton Moreno Valley, Address: 12611 Memorial Way, Moreno Valley, CA 92553, Phone: 

(951) 571-7788
Hampton Inn & Suites Riverside/Corona, Address: 4250 Riverwalk Pkwy, Riverside, CA 92505, Phone: (951) 352-5020
Marriott Riverside at the Convention Center, Address: 3400 Market Street, Riverside, CA 92501, Phone: (951)784-8000

Housing Warning
Please beware of aggressive housing bureaus that target potential attendees of a meeting. They are sometimes called “room 
poachers” or “room-block pirates” and these companies generally position themselves as a meeting’s housing bureau, con-
vincing attendees to unknowingly book outside the official room block. They call people who they think will more likely 
than not attend a meeting and lure them with room rates that are significantly less than the published group rate—for a 
limited time only. People who find this offer tempting may hand over their credit card data, believing they have scored a 
great rate and their housing is a done deal. Unfortunately, this often turns out to be the start of a long, costly nightmare. 

Note that some of these room poachers create fake websites on which they represent themselves as the organizers of 
the meeting and include links to book rooms, etc. The only official website for this meeting is https://www.ams.org 
and one that has the official AMS logo.

These housing bureaus are not affiliated with the American Mathematical Society or any of its meetings in any way. 
The AMS would never call anyone to solicit reservations for a meeting. The only way to book a room at a rate negotiated 
for an AMS Sectional Meeting is via a listing on AMS Sectional Meetings pages or Notices of the AMS. The AMS cannot be 
responsible for any damages incurred as a result of hotel bookings made with unofficial housing bureaus.

Food Services
On Campus: The University’s HUB Food Court is closed on weekends, however the restaurants below are scheduled to 
be open on Saturdays and Sundays. Please visit dining.ucr.edu/index.html#hours for a list of university restaurants 
and hours. Hours listed below are subject to change.

 • Subway is located in the HUB Commons and offers custom-built sandwiches and salads. It is open on Sundays from 
11:00 am to 8:00 pm. 

 • The Habit at Latitude 55 is located in the HUB Commons and offers mouth-watering burgers, tasty chicken tenders, 
nuggets, and chili-cheese fries. It is open on Saturdays from 11:30 am to 5:00 pm.

 • The Market at Glen Mor is located about 2 blocks from the HUB at 400 West Big Springs Road. The Market is com-
prised of the following shops:
Starbucks, coffee and snacks, open Friday–Sunday from 6:00 am to midnight. 
SHOP, grab-n-go food items like snacks, cold beverages, and a great selection of gourmet, healthy, and gluten-free 
goodies available. Hours are Friday–Sunday from 6:00 am to midnight.
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Sizzle Grill, serving burgers, chicken sandwiches, grilled quesadillas, chicken tenders, french fries, entrée salads, and 
daily soups. Open daily from 10:30 am to midnight.
Sushi with Gusto, sushi prepared fresh daily, open daily from 10:30 am to midnight. 
Savor Homestyle Meals, a rotating menu that includes hot main entrées such as slow-roasted chicken, pulled pork, 
and BBQ ribs alongside a selection of sides that include hot vegetable dishes, cold dishes, premium artisan salads, and 
desserts. Open Sunday from 10:30 am to 2:30 pm and 4:30 pm to 9:00 pm.
Off Campus: University Village is about a 15 minute walk from the main campus on the North East corner of University 

Avenue and Iowa Avenue. Here you can dine, shop, and play in an exquisite open-air environment. Canyon Crest Towne 
Centre is a short drive or bus ride from campus and offers numerous shops and over 20 restaurants as well as everyday 
conveniences including Rite Aid Pharmacy, a supermarket, and banking facilities. More information on restaurants and 
local attractions in the Riverside area can be found at riversidecvb.com/dining/.

Some options for coffee and dining include:
 • Starbucks, 1201 University Ave, Riverside; (951) 274-9605; Seattle-based coffeehouse chain known for its signature 

roasts, light bites, and Wi-Fi availability.
 • Boba Cafe, 1223 University Ave, Riverside; (951) 680-9998; bubble and milk teas plus basic Chinese eats in a modest 

counter-serve cafe.
Some options nearby for dining include:

 • Manna Grill, 1201 University Ave, Riverside; (951) 530-8033; casual restaurant boasting a variety of Korean street-
food-style cuisines at an affordable price.

 • Ramen Okawari, 3740 Iowa Ave, Riverside; (951) 680-9411; www.ramenokawari.com; serves a variety of traditional 
Japanese ramen noodle soups, rice bowls, and appetizers.

 • Pokilicious, 1400 University Ave, Riverside; (951) 779-4824; www.poki-licious.com; build your own fresh, healthy, 
and delicious bowls and raw fish salads (Poke). 

 • Zizi BBQ House, 3740 Iowa Ave, Riverside; (951) 534-0960; Korean BBQ restaurant with hibachi.
 • Jersey Mike’s Subs, 1201 University Ave, Riverside; (951) 289-9541; New Jersey-based counter-serve sandwich chain 

serving jumbo subs filled with cold cuts and toppings.
 • IHOP, 1320 University Ave, Riverside; (951) 369-4028; long-standing chain serving a wide variety of pancakes and 

other American breakfast and diner fare.
 • Mong Kok Café, 1242 University Ave, Riverside; (951) 686-6688; casual Chinese restaurant with vegetarian and vegan 

options and a popular late-night happy hour.
 • Elias Pita, 1490 University Ave, Riverside; (951) 686-6800; www.eliaspita.com/; counter-serve, halal operation 

preparing Middle Eastern comfort food such as kababs or falafels for eat-in or take-out. 
 • Zacatecas Café, 3767 Iowa Ave, Riverside; (951) 683-3939; casual choice for familiar Mexican fare, including enchi-

ladas, burritos, tamales, and fajitas.
 • Sushiya, 1201 University Ave, Riverside; (951) 534-0702; sushiya-riverside.com; Japanese and sushi restaurant 

known for affordable sushi and drink specials with nice atmosphere.
 • The Sub Station, 3663 Canyon West Dr, Riverside; (951) 683-4523; substationucr.com; home of “The Big Dude,” 

serving hot, cold, and vegetarian sandwiches since 1972.

Registration and Meeting Information
Advance Registration: Advance registration for this meeting opened on July 22, 2019. Advance registration fees are 
US$71 for AMS members, US$115 for nonmembers, US$13 for students and unemployed mathematicians, and US$15 
for emeritus members. Participants may cancel registrations made in advance by emailing mmsb@ams.org. The deadline 
to cancel is the first day of the meeting. Your badge and program, where applicable, will be ready for pickup when you 
arrive at the meeting; simply go to the registration desk (see below) at the hours indicated. It will be helpful if you bring 
a copy of your receipt.

On-site Information and Registration: The registration desk, AMS book exhibit, and coffee service will be located in 
Skye Hall. Special Sessions and Contributed Paper Sessions will take place in the nearby classrooms. Please look for the 
most recent information about meeting room locations on the web and in the printed program. For further information 
on building locations, a campus map is available at campusmap.ucr.edu.

The registration desk will be open on Saturday, November 9, 7:30 am to 4:00 pm and Sunday, November 10, 8:00 am 
to 12:00 pm. The same fees listed above apply for on-site registration and are payable with cash, check, or credit card. 



1370    Notices of the AmericAN mAthemAticAl society Volume 66, Number 8

MEETINGS & CONFERENCES

Program Books
In order to keep registration fees as low as possible, save on printing costs, and make the meetings more environmentally 
friendly, a small fee will be charged for receiving a program book.

If you want to receive a program book, please complete the section entitled “Printed Program” on the registration form 
and pay a nominal fee of US$3 for each copy. If you do not want to receive a program book, please skip that section and 
click “Next.” All purchased program books will be distributed at the registration desk at the meeting. No program books 
will be mailed before the meeting. A small quantity of program books may be available for purchase on-site at meetings, 
however supplies will be limited.

For your convenience, the following changes have been made to the website to make the program more accessible 
and mobile-friendly.

1. Online Timetable: The sectional meetings now have an online timetable display. It will provide a quick reference 
to where the sessions and rooms are located.

2. Print-friendly Pages: The pages of the program now have a “Print” button in the top right-hand corner. It is black 
and is depicted by a little printer. If you cannot see it, please maximize your window. The printer icon is sometimes 
bundled into the generic “share” icon when the window is re-sized. If you click the printer button, it will print 
the text of the page without additional webpage elements. If you go to the page of a special session and click the 
print icon, you will get a schedule of all the parts of that session. This can also be printed to pdf if you have a pdf 
printer installed.

3. Room Locations: The room locations are now more conspicuous in the web program when the program is sched-
uled.

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 per-
cent discount. AMS members receive additional discounts on books purchased at meetings, subscriptions to Notices and  
Bulletin, discounted registration for world-class meetings and conferences, and more!

Complimentary coffee will be served courtesy of the AMS Membership Department.
AMS Editorial Activity: An acquisitions editor from the AMS book program will be present to speak with prospective 

authors. If you have a book project that you wish to discuss with the AMS, please stop by the book exhibit. 
Membership Activities: Visit the AMS booth to renew your membership or join to receive member benefits, such as 

additional discounts on books purchased at meetings, free subscriptions to Notices, Bulletin, and Headlines & Deadlines 
e-newsletter, discounted registration for world-class meetings and conferences, and more!

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 Department at mmsb@ams.org or meet@ams.org.

The University of California, Riverside is happy to support the transgender, genderqueer, gender noncon-
forming, and/or gender questioning community. Use the Trans Guide at out.ucr.edu/resources/ucr-trans 
-guide#genderinclusive_facilities to learn more about campus resources, gender inclusive restrooms, supportive 
programs, and special events connected to gender identity and expression at UCR.

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.
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Local Information and Maps
This meeting will take place on the campus of The University of California, Riverside. A campus map can be found at 
campusmap.ucr.edu. Information about The University of California, Riverside Mathematics Department can be found 
at mathdept.ucr.edu. Please visit the university website at www.ucr.edu for additional information on the campus.

Please watch the AMS website at https://www.ams.org/meetings/sectional/sectional.html for additional 
information on this meeting. 

Parking
Attendees electing to stay at off-campus hotels may park their cars on campus in Parking Lot 24, located off of Canyon 
Crest Drive near the UCR Track Facility. Pedestrian directional signs will be available to guide attendees from the parking 
lot to the meeting spaces. A campus parking map is available at campusmap.ucr.edu. 

Travel
This meeting will take place on the main campus of University of California, Riverside, located in the heart of Riverside, 
California.
By Air: 
Ontario International Airport (ONT) is about 20 miles northwest of Riverside and the most convenient air travel choice. 
By car, it takes less than 20 minutes to get to UCR from Ontario International Airport, however it can take longer during 
rush hours. Please visit the Ontario International Airport website for a list of airlines and lists of cities with daily direct 
flights; www.flyontario.com. 

There are several options available for transportation to and from the airport. 
Several area hotels and motels offer courtesy shuttle service for guests traveling to and from Ontario International 

Airport. It is recommended that guests make transportation arrangements with their hotel or motel 72 hours in advance 
of traveling. Please inquire with your hotel in advance and visit www.flyontario.com/parking-transport/hotel 
-shuttles for a list of properties.

Travelers can find shared-ride van services (such as Super Shuttle) at the island curbs outside baggage claim. Service 
is available on a walk-up basis and by advanced reservation through the van transportation company. For more infor-
mation on pricing please visit booking.supershuttle.com. Please note: The California Public Utilities Commission 
requires that drivers maintain a price list identifying the specific rates for passenger transportation between the airport 
and surrounding cities.

Taxi service is available at the curb outside baggage claim in Terminals 2 and 4. Service is available on a walk-up basis. 
Please note: All taxicabs must be equipped with a dashboard meter or rate card which is plainly visible to all passengers 
in the front and back seats of the vehicle. A taxi service in the area is Yellow Cab Company; www.yellowcab.com.

Free shuttle service is provided for rental car customers between the passenger terminals and the Consolidated Rental 
Car center, where the on-airport rental car counters are located. The center is located at 3450 E. Airport Drive, near Haven 
Avenue. For more details on the various car rental companies available at the airport, please visit www.flyontario.com 
/parking-transport/rental-cars.
By Train: 
Metrolink is the regional rail system linking Riverside County to surrounding counties such as Los Angeles, Orange, San 
Bernardino, San Diego, and Ventura. The Riverside-Downtown Station is located at 4066 Vine Street in Riverside. For 
Metrolink bus schedules please visit www.metrolinktrains.com/schedules. 

By Car From Los Angeles County: 
From the 91 Freeway: Take CA-91 east to CA-60 east. Exit at University Avenue and turn left. At the second light, take 

a right onto West Campus Drive.
From the 10 Freeway: Take I-10 east to I-15 south and then to CA-60 east. Exit at University Avenue and turn left. At 

the second light, take a right onto West Campus Drive.
From the 60 Freeway: Take CA-60 east. Exit at University Avenue and turn left. At the second light, take a right onto 

West Campus Drive.
By Car From Ontario International Airport:
From the 10 Freeway: Take I-10 east to I-15 south and then to CA-60 east. Exit at University Avenue and turn left. At 

the second light, take a right onto West Campus Drive.
From the 60 Freeway: Take CA-60 east. Exit at University Avenue and turn left. At the second light, take a right onto 

West Campus Drive.
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By Car From Orange County: Take CA-91 east to CA-60 east. Exit at University Avenue and turn left. At the second 
light, take a right onto West Campus Drive.

By Car From Palm Springs: Take I-10 west to CA-60 west. Exit at University Avenue and turn left. At the second light, 
take a right onto West Campus Drive.

By Car From San Bernardino: Take I-215 south to CA-60 east. Exit at University Avenue and turn left. At the second 
light, take a right onto West Campus Drive.

By Car From San Diego County: Take I-15 north to I-215 north to CA-60 west. Exit at University Avenue and turn left. 
At the second light, take a right onto West Campus Drive.

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#04N30009. 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.

Local Transportation
Walking, biking, and personal cars are recommended to get around campus and Riverside. 

By Bus: The Riverside Transit Agency provides local bus services throughout Riverside and has 3 stops on campus. Route 
1 serves UCR, Downtown Riverside, Riverside-Downtown Metrolink Station, Smith & 6th, and W. Corona Metrolink. For 
maps and schedules visit www.riversidetransit.com/index.php/ride-the-bus/maps-schedules. 

From Corona: Take the Metrolink from Corona to the Riverside-Downtown stop. The Riverside Transit Agency local 
bus services the Riverside-Downtown Metrolink Station. 

Other options: Other local transportation options include Uber; www.uber.com and Lyft; www.lyft.com.

Weather
The average high temperature for November is approximately 77 degrees Fahrenheit and the average low is approximately 
50 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 use the hashtag #AMSmtg to tweet about the meeting.

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/travel 
/en.html. If you need a preliminary conference invitation in order to secure a visa, please send your request to cro@
ams.org. 

If you discover you do need a visa, the National Academies website (see above) provides these tips for successful 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 permanent 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 organizer 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; 
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* 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
Colorado Convention Center

January 15–18, 2020
Wednesday – Saturday

Meeting #1154
Joint Mathematics Meetings, including the 126th Annual 
Meeting of the AMS, 103rd Annual Meeting of the Mathe-
matical Association of America (MAA), annual meetings of 
the Association for Women in Mathematics (AWM) and the 
National Association of Mathematicians (NAM), and the win-
ter meeting of the Association of Symbolic Logic (ASL), with 
sessions contributed by the Society for Industrial and Applied 
Mathematics (SIAM)

Associate secretary: Michel L. Lapidus
Announcement issue of Notices: October 2019
Program first available on AMS website: November 1, 2019
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 41, Issue 1

Deadlines
For organizers: Expired
For abstracts: September 17, 2019

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

Joint Invited Addresses
Skip Garibaldi, Institute For Defense Analyses Center for Communications Research, La Jolla, Title to be announced 

(AMS-MAA Invited Address).
Karen Lange, Wellesley College, Different Problems, Common Threads: Computing the Difficulty of Mathematical Problems 

(AMS-MAA Invited Address).
Rajiv Maheswaran, Second Spectrum, The Fantastic Intersection of Math and Sports: Where No One is Afraid of a Decimal 

Point (MAA-AMS-SIAM Gerald and Judith Porter Public Lecture).
Birgit Speh, Cornell University, Title to be announced (AWM-AMS Noether Lecture).

AMS Invited Addresses
Bonnie Berger, Massachusetts Institute of Technology, Biomedical Data Sharing and Analysis at Scale.
Ingrid Daubechies, Duke University, Title to be announced (AMS Colloquium Lectures: Lecture I).
Ingrid Daubechies, Duke University, Title to be announced (AMS Colloquium Lectures: Lecture II).
Ingrid Daubechies, Duke University, Title to be announced (AMS Colloquium Lectures: Lecture III).
Gregory W. Moore, Rutgers, The State University of New Jersey, Smooth Invariants of Four-Dimensional Manifolds and 

Quantum Field Theory.
Nancy Reid, University of Toronto, Title to be announced (AMS Josiah Willard Gibbs Lecture).
Kenneth A. Ribet, University of California, Berkeley, A 2020 View of Fermat’s Last Theorem (AMS Retiring Presidential 

Address).
Tatiana Toro, University of Washington, Differential Operators and the Geometry of Domains in Euclidean Space (AMS 

Maryam Mirzakhani Lecture).
Anthony Várilly-Alvarado, Rice University, The Geometric Disposition of Diophantine Equations.

AMS 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 jointmathematicsmeetings.org/meetings/abstracts/abstract.pl?type=jmm.

Some sessions are cosponsored with other organizations. These are noted within the parenthesis at the end of 
each listing, where applicable.

Advances in Multivariable Operator Theory: Connections with Algebraic Geometry, Free Analysis, and Free Probability (Code: 
SS 114A), Joseph A. Ball, Virginia Tech, and Paul S. Muhly, University of Iowa.
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Advances in Operator Algebras (Code: SS 72A), Ian Charlesworth, University of California, Berkeley, Brent Nelson, 
Vanderbilt University, Sarah Reznikoff, Kansas State University, and Lauren Ruth, Vanderbilt University.

Algebraic Cycles in Arithmetic and Geometry (Code: SS 103A), Jeff Achter, Colorado State University, and Sebastian 
Casalaina-Martin, University of Colorado Boulder.

Algebras and Algorithms (Code: SS 56A), Keith A. Kearnes, Peter Mayr, and Agnes Szendrei, University of Colorado, 
Boulder.

Algorithms, Analysis, and Applications of Numerical PDEs (Code: SS 98A), Xiaoming He, Missouri University of Science 
and Technology, and Jiangguo (James) Liu, Colorado State University.

Algorithms, Experimentation, and Applications in Number Theory (Code: SS 94A), Beth Malmskog, Colorado College, and 
Christopher Rasmussen, Wesleyan University.

Analysis and Differential Equations at Undergraduate Institutions (Code: SS 9A), William Green, Rose-Hulman Institute 
of Technology, and Katharine Ott, Bates College.

Analysis of Nonlocal Models (Code: SS 88A), Giacomo Capodaglio, Florida State University, Marta D’Elia, Center for 
Computing Research, Sandia National Laboratories, and Max Gunzburger, Florida State University.

Analytic Theory of Automorphic Forms and L-Functions (Code: SS 95A), Amanda Folsom, Amherst College, Michael Griffin, 
Brigham Young University, Larry Rolen, Vanderbilt University, and Jesse Thorner, University of Florida.

Analytic and Probabilistic Combinatorics (Code: SS 10A), Miklós Bóna, University of Florida, and Jay Pantone, Marquette 
University.

Applications and Computations in Knot Theory (Code: SS 55A), Harrison Chapman, Colorado State University, Heather 
A. Dye, McKendree University, and Jesse S.F. Levitt, University of Southern California.

Applied Topology (Code: SS 29A), Henry Adams, Colorado State University, and Mikael Vejdemo-Johansson, CUNY 
College of Staten Island.

Arithmetic Dynamics (Associated with AMS Retiring Presidential Address Kenneth A. Ribet) (Code: SS 5A), Rafe Jones, Car-
leton College, Nicole R. Looper, Cambrdge University and Brown University, and Joseph H. Silverman, Brown University.

Arithmetic Galois Actions (Code: SS 39A), Ozlem Ejder, Colorado State University, Jamie Juul, University of British 
Columbia, and Rachel Pries, Colorado State University.

Aspects and Applications of Algebraic Combinatorics (Code: SS 82A), William J. Martin, Worcester Polytechnic Institute, 
and Jason Williford, University of Wyoming.

C*-Algebras, Dynamical Systems and Applications (Code: SS 26A), Robin Deeley, University of Colorado Boulder, and 
Zhuang Niu and Ping Zhong, University of Wyoming.

Choiceless Set Theory and Related Areas (Code: SS 16A), Paul Larson, Miami University, and Jindrich Zapletal, University 
of Florida (AMS-ASL).

Coding Theory and Applications (Code: SS 8A), Allison Beemer, Arizona State University, Ian F. Blake, University of 
British Columbia, Christine A. Kelley, University of Nebraska-Lincoln, and Felice Manganiello, Clemson University.

Cohomological Field Theories and Wall Crossing (Code: SS 108A), Yefeng Shen, University of Oregon, and Mark Shoe-
maker, Colorado State University.

Combinatorial Structures and Integrable Systems (Code: SS 83A), Maxim Arnold and Nathan Williams, University of 
Texas at Dallas.

Commutative Algebra (Code: SS 36A), Patricia Klein, University of Kentucky, and Haydee Lindo, Williams College.
Computational Biomedicine (Code: SS 53A), Nek Valous and Niels Halama, National Center for Tumor Diseases Hei-

delberg, German Cancer Research Center.
Computational and Categorical Methods in Homotopy Theory (Code: SS 14A), Agnes Beaudry, University of Colorado 

Boulder, and Julie Bergner, University of Virginia.
Current Areas of Interest in the Mathematical Sciences of Medieval Islam (Code: SS 24A), Emelie A. Kenney and Moham-

mad Javaheri, Siena College.
Differential Geometry and Global Analysis, Honoring the Memory of Tadashi Nagano (1930-2017) (Code: SS 69A), Bang-

Yen Chen, Michigan State University, Nicholas D. Brubaker and Thomas Murphy, California State University, Fullerton, 
Takashi Sakai, Tokyo Metropolitan University, Makiko Sumi Tanaka, Tokyo University of Sciences, Bogdan D. Suceava, 
California State University, Fullerton, and Mihaela B. Vajiac, Chapman University.

Differential and Difference Equations in Biological Dynamics (Code: SS 18A), Xiang-Sheng Wang and Aijun Zhang, 
University of Louisiana at Lafayette.

Evolution (Code: SS 27A), Chris McCarthy and Johannes Familton, Borough of Manhattan Community College CUNY.
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Experimental and Computer Assisted Mathematics (Code: SS 80A), Shashank Kanade, University of Denver, Matthew 
Russell, Rutgers University, and Ali Kemal Uncu, Research Institute for Symbolic Computation, Johannes Kepler Uni-
versity Linz.

Explicit Methods in Arithmetic Geometry in Characteristic p  (a Mathematics Research Communities Session) (Code: SS 113A), 
Vaidehee Thatte, Binghamton University, Sarah Arpin, University of Colorado Boulder, and Nicholas Triantafillou, 
University of Georgia.

Extremal and Probabilistic Combinatorics (Code: SS 89A), Sean English, Ryerson University, Emily Heath, University of 
Illinois Urbana Champaign, and Michael Tait, Carnegie Mellon University.

Fractal Geometry, Dynamical Systems, and Applications (Code: SS 43A), Andrea Arauza Rivera, California State University, 
East Bay, Robert Niemeyer, Metropolitan State University, and John Rock, California State Polytechnic University, Pomona.

Frames, Designs, and Optimal Spherical Configurations (Code: SS 58A), Xuemei Chen, New Mexico State University, Alexey 
Glazyrin, University of Texas Rio Grande Valley, Kasso Okoudjou, University of Maryland, College Park, and Oleksandr 
Vlasiuk, Florida State University.

From STEM to STEAMS (Science, Technology, Engineering, AI, Mathematics, Statistics) (Code: SS 52A), Charles Chen, 
Applied Materials, and Mason Chen, Stanford OHS.

Future Directions in Theory & Applications of Nonlinear Reaction-Diffusion Equations (Code: SS 51A), Jerome Goddard, II, 
Auburn University at Montgomery, Nsoki Mavinga, Swarthmore College, and Quinn Morris, Appalachian State University.

Geometric Representation Theory and Equivariant Elliptic Cohomology (a Mathematics Research Communities Session) (Code: 
SS 111A), Anne Dranowski, University of Toronto, Noah Arbesfeld, Imperial College London, and Dominic Culver, 
University of Illinois Urbana-Champaign.

Geometry of Differential Equations (Code: SS 21A), Jeanne Clelland and Yuhao Hu, University of Colorado Boulder, 
and George Wilkens, University of Hawaii.

Getting Started in Undergraduate Research: Topics, Tools and Open Problems (Code: SS 34A), Hannah Highlander, Uni-
versity of Portland, Pamela E. Harris, Williams College, Erik Insko, Florida Gulf Coast University, and Aaron Wootton, 
University of Portland (AMS-MAA).

Group Actions in Harmonic Analysis (Code: SS 84A), Keri Kornelson, University of Oklahoma, and Emily J. King, Uni-
versity of Bremen.

Groups and Topological Dynamics (Code: SS 91A), Constantine Medynets, United States Naval Acadmey, Volodymyr 
Nekrashevych, Texas A&M University, and Dmytro Savchuk, University of South Florida.

Hamiltonian Systems (Code: SS 76A), Sean Gasiorek, University of California Santa Cruz, Gabriel Martins, University 
of California Berkeley, and Andres Perico, University of California Santa Cruz.

Harmonic Analysis (Code: SS 99A), Taryn C. Flock, Macalester College, and Betsy Stovall, University of Wisconsin-Mad-
ison.

Highly Accurate and Structure-Preserving Numerical Methods for Nonlinear Partial Differential Equations (Code: SS 57A), 
Qin Sheng, Baylor University, Jorge E. Macias-Diaz, Universidad Autonoma de Aguascalientes, and Joshua L. Padgett, 
Texas Tech University.

History of Mathematics (Code: SS 20A), Jemma Lorenat, Pitzer College, Sloan Despeaux, Western Carolina University, 
Daniel Otero, Xavier University, and Adrian Rice, Randolph-Macon College (AMS-MAA).

How to Discover and Train Gifted Students (Code: SS 68A), Scott Annin, California State University, Fullerton, Cezar 
Lupu, Texas Tech University, Shoo Seto, University of California, Irvine, and Bogdan D. Suceava, California State Uni-
versity, Fullerton.

If You Build It They Will Come: Presentations by Scholars in the National Alliance for Doctoral Studies in the Mathematical 
Sciences (Code: SS 107A), David Goldberg, Purdue University, and Phil Kutzko, University of Iowa.

Interactions Among Partitions, Basic Hypergeometric Series, and Modular Forms (Code: SS 17A), Chris Jennings-Shaffer, 
University of Denver, and Frank Garvan, University of Florida.

Interactions between Combinatorics, Representation Theory, and Coding Theory (Code: SS 75A), Manabu Hagiwara, Chiba 
University, and Richard Green, University of Colorado Boulder.

Interactions of Inverse Problems, Computational Harmonic Analysis, and Imaging (Code: SS 48A), M. Zuhair Nashed, Uni-
versity of Central Florida, Willi Freeden, University of Kaiserslautern, and Otmar Scherzer, University of Vienna.

Interfaces Between PDEs and Geometric Measure Theory (Associated with AMS Maryam Mirzakhani Invited Address Tatiana 
Toro) (Code: SS 42A), Robin Neumayer and Zihui Zhao, Institute for Advanced Study.

International Research Experience for Students (IRES) (Code: SS 61A), Asuman G. Aksoy, Claremont McKenna College, 
and Zair Ibragimov, California State University, Fullerton.
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Iterative Methods for Large-Scale Data Analysis (Code: SS 33A), Jamie Haddock, University of California Los Angeles, 
and Anna Ma, Unviersity of California San Diego.

Logic Facing Outward (Associated with Joint AMS-MAA Invited Address Karen Lange) (Code: SS 77A), Karen Lange, Wellesley 
College, and Russell Miller, Queens College & Graduate Center CUNY (AMS-ASL).

Markov Models and Matrix Properties (Code: SS 109A), Alan Krinik and Randall J. Swift, California Polytechnic Pomona.
Mathematical Analysis in Data Science (Associated with AMS Colloquium Lectures Ingrid Daubechies) (Code: SS 110A), Radu 

Balan, University of Maryland, Tingran Gao, University of Chicago, Sinan Gunturk, New York University, and Ozgur 
Yilmaz, University of British Columbia.

Mathematical Aspects of Conformal Field Theory (Code: SS 66A), Shashank Kanade and Andrew Linshaw, University of 
Denver, and Robert McRae, Vanderbilt University.

Mathematical Information in the Digital Age of Science (Code: SS 78A), Patrick Ion, IMKT & University of Michigan, Olaf 
Teschke, zbMath, and Stephen Watt, University of Waterloo.

Mathematical Physics Some Open Problems for the 21st Century (Code: SS 45A), Michael Maroun.
Mathematical Programming and Combinatorial Optimization (Code: SS 23A), Steffen Borgwardt, University of Colorado 

Denver, and Tamon Stephen, Simon Fraser University.
Mathematical and Computational Research in Data Science (Code: SS 44A), Linda Ness, DIMACS, Rutgers University, and 

F. Patricia Medina, Yeshiva University (AMS-AWM).
Mathematics and Motherhood (Code: SS 81A), Della Dumbaugh, University of Richmond, Carrie Diaz Eaton, Bates 

College, and Emille Lawrence, University of San Francisco.
Matrices and Graphs (Code: SS 62A), Leslie Hogben, Iowa State University and American Institute of Mathematics, and 

Bryan L. Shader, University of Wyoming.
Mean Field Games: Theory and Applications (Code: SS 97A), François Delarue, University of Nice Sophia Antipolis.
Modeling Natural Resources (Code: SS 25A), Shandelle M. Henson, Andrews University, and Julie Blackwood, Williams 

College.
Noncommutative Geometry and Applications (Code: SS 28A), Frederic Latremoliere, University of Denver.
Novel Teaching Practices in Mathematics (Code: SS 49A), David Weisbart, University of California, Riverside.
Outreach Strategies for Reaching Underrepresented Students at the Pre-College Level (Code: SS 101A), Jacob Castaneda, The 

Art of Problem Solving/Bridge to Enter Advanced Mathematics (BEAM), Cory Colbert, Washington & Lee University, 
Li-Mei Lim, Boston University/PROMYS, Max Warshauer, Texas State University at San Marcos, and Daniel Zaharopol, 
The Art of Problem Solving Initative/Bridge to Enter Advanced Mathematics (BEAM).

Partition Theory and q-Series (Code: SS 70A), Madeline Locus Dawsey, The University of Texas at Tyler, Marie Jameson, 
University of Tennessee, Knoxville, and James Sellers, Pennsylvania State University.

Pedagogical Innovations That Lead to Successful Mathematics (Code: SS 12A), Michael A. Radin, Rochester Institute of 
Technology, Natali Hritonenko, Prairie View A&M University, and Ellina Grigorieva, Texas Women’s University.

Quantization for Probability Distributions and Dynamical Systems (Code: SS 41A), Mrinal Kanti Roychowdhury, University 
of Texas Rio Grande Valley.

Quantum Theory of Matter Meets Noncommutative Geometry and Topology (Code: SS 59A), Masoud Khalkhali, University 
of Western Ontario, and Markus Pflaum, University of Colorado, Boulder.

Random Combinatorial Structures, Complex Analysis and Integrable Systems (Code: SS 93A), Virgil U. Pierce, University of 
Northern Colorado, and Nicholas M. Ercolani, University of Arizona.

Random Matrices and Integrable Systems (Code: SS 47A), Ken McLaughlin, Colorado State University, and Sean O’Ro-
urke, University of Colorado Boulder.

Rational Points on Algebraic Varieties: Theory and Computation (Associated with AMS Invited Address Anthony Varilly-Al-
varado) (Code: SS 100A), Brendan Hassett, Brown/ICERM, Andrew Sutherland, MIT, and Anthony Varilly-Alvardo, 
Rice University.

Recent Advances in Function and Operator Theory (Code: SS 1A), Kelly Bickel, Bucknell University, Alberto Condori, 
Florida Gulf Coast University, William Ross, Unviersity of Richmond, and Alan Sola, Stockholm University.

Recent Advances in Time-Stepping Methods for Ocean Modeling (Code: SS 79A), Sara Calandrini, Konstantin Pieper, and 
Max Gunzburger, Florida State University.

Recent Advances of Mathematical Modeling on Ecology and Epidemiology (Code: SS 50A), Xi Huo, University of Miami, 
and Rongsong Liu, University of Wyoming.

Recent Developments in Numerical Methods for PDEs (Code: SS 73A), Valeria Barra, University of Colorado Boulder, and 
Oana Marin, Argonne National Laboratory.
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Recent Trends in Semigroup Theory (Code: SS 104A), Michael Kinyon, University of Denver, and Ben Steinberg, City 
College of New York.

Representation Theory Inspired by the Langlands Conjectures (Associated with Joint AWM-AMS Noether Lecture Birgit Speh) 
(Code: SS 54A), Birgit Speh, Cornell University, and Peter Trapa, University of Utah (AMS-AWM).

Representations of Finite Groups and Related Structures (Code: SS 32A), Mandi Schaeffer Fry, Metropolitan State University 
of Denver, and Nat Thiem, University of Colorado Boulder.

Research from the Rocky Mountain-Great Plains Graduate Research Workshop in Combinatorics (Code: SS 102A), Steve But-
ler, Iowa State University, Michael Ferrara, University of Colorado Denver, Jeremy Martin, University of Kansas, Tyrrell 
McAllister, University of Wyoming, and Jamie Radcliffe, University of Nebraska-Lincoln.

Research in Graph Theory and Combinatorics by Research Experience for Undergraduate Faculty (REUF) Alumni and Their 
Students (Code: SS 92A), Katie Anders and Kassie Archer, University of Texas at Tyler, and Briana Foster-Greenwood, 
California State Polytechnic University-Pomona.

Research in Mathematics by Early Career Graduate Students (Code: SS 40A), Marat Markin, Morgan Rodgers, and Khang 
Tran, California State University Fresno.

Research in Mathematics by Undergraduates and Students in Post-Baccalaureate Programs (Code: SS 13A), Darren A. Narayan, 
Rochester Institute of Technology, Khang Tran, California State University Fresno, Mark David Ward, Purdue University, 
and John Wierman, The Johns Hopkins University (AMS-MAA-SIAM).

Riemannian Foliations and Applications (Code: SS 15A), Igor Prokhorenkov and Ken Richardson, Texas Christian 
University.

Self-Distributive Structures, Knot Theory, and the Yang-Baxter Equation (Code: SS 85A), Mohamed Elhamdadi, University 
of South Florida, Petr Vojtechovsky, University of Denver, and David Stanovsky, Charles University in Prague.

Sequences, Words, and Automata (Code: SS 67A), Eric Rowland and Manon Stipulanti, Hofstra University.
Set-Valued and Fuzzy-Valued Analysis with Applications (Code: SS 71A), Vira Babenko, Drake University.
Singularities and Characteristic Classes (Code: SS 65A), Paolo Aluffi, Florida State University, and Leonardo Mihalcea, 

Virginia Tech.
Spectral and Transport Properties of Disordered Systems (Code: SS 37A), Peter D. Hislop, University of Kentucky, and 

Jeffrey Schenker, Michigan State University.
Stochastic Analysis and Applications in Finance, Actuarial Science and Related Fields (Code: SS 2A), Julius N. Esunge, 

University of Mary Washington, See Keong Lee, Universiti Sains Malaysia, and Aurel I. Stan, The Ohio State University.
Stochastic Differential Equations and Application of Mathematical Biology (Code: SS 74A), Jianjun Paul Tian, New Mex-

ico State University, Hai-Dang Nguyen, University of Alabama, Xianyi Zeng, University of Texas at El Paso, and Robert 
Smits, New Mexico State University.

Stochastic Spatial Models (a Mathematics Research Communities Session) (Code: SS 112A), Tobias Johnson, College of 
Staten Island, Erin Beckman, Duke University, and Katelynn Kochalski, SUNY Geneseo.

Symbolic Dynamics (Code: SS 38A), Ronnie Pavlov, University of Denver, and Scott Schmieding, Northwestern Uni-
versity.

The Geometry of Complex Polynomials and Rational Functions (Code: SS 3A), Trevor Richards, Monmouth College, and 
Malik Younsi, University of Hawaii.

The Kaczmarz Algorithm with Applications in Harmonic Analysis and Data Science (Code: SS 115A), Xuemei Chen, New 
Mexico State University, Palle E.T. Jorgensen, University of Iowa, and Eric Weber, Iowa State University.

The Mathematics of Social Justice (Code: SS 90A), Andrea Arauza Rivera, California State University, East Bay, Paige 
Helms, University of Washington, Ryan Moruzzi, Ithaca College, and Robin Wilson, California Poly Pomona.

Topological Measures of Complexity: Inverse Limits, Entropy, and Structure of Attractors (Code: SS 31A), Lori Alvin, Furman 
University, Jan P. Boronski, National Supercomputing Centre IT4innovations, Joanna Furno, University of Houston, 
and Piotr Oprocha, AGH University of Science and Technology.

Utilizing Mathematical Models to Understand Tumor Heterogeneity and Drug Resistance (Code: SS 46A), James Greene, 
Clarkson University, Hwayeon Ryu, Elon University, and Kamila Larripa, Humboldt State University.

Vietoris-Borsuk-Rips Homotopy (Code: SS 60A), Danuta Kolodziejczyk, Warsaw University of Technology, and Krystyna 
Kuperberg, Auburn University.

Wall to Wall Modeling Activities in Differential Equations Courses (Code: SS 7A), Janet Fierson, La Salle University, Theresa 
Shelton, Southwestern University, and Brian Winkel, SIMIODE.

Women in Mathematical Biology (Code: SS 105A), Christina Edholm, University of Tennessee, Amanda Laubmeier, 
University of Nebraska-Lincoln, Katharine Gurski, Howard University, and Heather Zinn Brooks, University of California 
Los Angeles (AMS-AWM).
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Women in Symplectic and Contact Geometry II (Code: SS 35A), Morgan Weiler, Rice University, Catherine Cannizzo, 
Simons Center for Geometry and Physics, and Melissa Zhang, University of Georgia (AMS-AWM).

Women in Topology (Code: SS 96A), Jocelyn Bell, Hobart and William Smith Colleges, Rochy Flint, Columbia University 
Teachers College, Candice Price, Smith College, and Arunima Ray, Max Planck Institute for Mathematics (AMS-AWM).

Call for MAA Contributed Papers
The MAA Committee on Sessions of Contributed Papers solicits 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 sub-
mitted to the general sessions, which will accept abstracts in all areas of collegiate mathematics, mathematical pedagogy, 
and the undergraduate mathematics 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, either a presentation in one 
of the themed sessions or a presentation in one of the general sessions (exclusive or). If a paper cannot be accommodated 
in 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. Questions concerning the submission of abstracts should be addressed 
to abs-coord@ams.org. Abstracts may be submitted electronically at jointmathematicsmeetings.org/meetings 
/abstracts/abstract.pl?type=jmm.

The deadline for submission of abstracts is Tuesday, September 17, 2019.

Contributed Paper Sessions with  Themes
Abstract Algebra: Teaching, Topics, and Techniques, organized by Kristi Meyer, Wisconsin Lutheran College and Jessie 
Lenarz, St. Catherine University. 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 session, we invite papers and scholarly presentation 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 innovative approaches may include, but are not limited to, inquiry-based learning, 
mathematical writing, integration of technology, projects, activities, and alternative methods of assessment. Reports on 
student outcomes and the effectiveness of the approaches presented are encouraged.

Active Learning in Introductory Courses: Insights from Math Departments in the Process of Change, organized by 
Chris Rasmussen, San Diego State University, Wendy Smith, University of Nebraska Lincoln, and Matthew Voigt, San 
Diego State University. Recent reports and studies indicate that mathematics departments across the US are interested in 
incorporating active learning to improve student outcomes in their introductory undergraduate courses, and would ben-
efit from documented stories of ongoing change to inform their work. Published research about change efforts, however, 
do not usually describe the approach and implementation in sufficient detail for others to initiate similar efforts. We 
therefore seek scholarly presentations from departments who are implementing active learning in a systemic manner and 
who are in the beginning process of sustaining change efforts. In particular, we seek contributions that document shifts 
in departmental norms and practices for graduate student and faculty professional development, course coordination, 
the building of a community of practice among faculty, the role of department leaders and upper administrators, the role 
of collaborative networks or partnerships, and/or the use of local data to inform and guide innovations. We encourage 
proposals that detail early wins and indicators of student success, challenges faced, and strategies employed to mitigate 
these challenges. Co-sponsored by IBL SIGMAA and the SIGMAA on RUME.

Best Practices and Considerations in Designing and Developing Online Math Courses, organized by Sharon M. Mos-
grove, Western Governors University and Doug Scheib, Western Governors University. Online learning has become more 
prevalent over the past decade. As a result, the need to fully understand and utilize the online learning platform, and all 
that it entails, is of extreme importance. For this session, we invite presentations that will address any of the following 
topics: how online educators ensure a high quality educational experience for the student, in particular as it relates to the 
rigor of the course and the integrity of course activities, tests, and exams; how online educators ensure that the course is 
dynamic, fun, engaging and interactive, an important issue to consider in terms of keeping students self-motivated; how 
online educators ensure that students consistently engage in the course; the best forums for one to one, one to many, 
and/or student to student interactions, such as webinars, discussion boards, etc.; how online educators determine and 



september 2019  Notices of the AmericAN mAthemAticAl society   1379

MEETINGS & CONFERENCES

ensure that their learning resources are effective and meet students’ needs; how online educators develop a course that 
meets the desired objectives and how they measure those objectives.

Combining Technological Tools and Innovative Practices to Improve Student Learning Outcomes, organized by Mar-
ianna Bonanome, New York City College of Technology, Manmohan Kaur, Benedictine University, Ariane M. Masuda, 
New York City College of Technology, and K. Andrew Parker, New York City College of Technology. Experimentation in 
instructional methodologies is blooming. An increasing number of instructors are adapting more than one technolog-
ical tool and combining them with active learning techniques to improve student learning both in and outside of the 
classroom. The number of institutions that recognize and support these efforts through grants and special programs also 
continues to grow. This session will provide a venue for exposition of recent initiatives, thereby disseminating results 
(positive and negative), reducing duplication of effort, promoting collaboration between instructors, as well as across 
institutions, and providing recognition for those on the front lines of experimental learning. Sponsored by MAA’s Com-
mittee on Technologies in Mathematics Education (CTME).

Data Across the Curriculum, organized by Alana Unfried, California State University, Monterey Bay. As the data deluge 
continues, undergraduate mathematics students must prepare for careers that inevitably involve data. The Guidelines 
for Assessment and Instruction in Statistics Education (GAISE, 2016) discuss the importance of integrating real data into 
introductory statistics courses, but less attention has been given to mathematical probability/statistics courses and the math-
ematics major curriculum as a whole. This session invites presentations that discuss effective ways to integrate data and/
or statistics into the undergraduate mathematics major curriculum. Presentations may include, for example, discussions 
of data and programming integrated into a calculus course, a linear algebra module highlighting connections to statistics 
and data analysis, or revisions of probability and statistics courses for mathematics majors to highlight authentic uses of 
data. Presentations might also include discussions of integrating statistical software into these courses. Co-sponsored by 
the SIGMAA on Statistics Education and the Committee on the Undergraduate Program in Mathematics.

Developments, Directions, and Experiences in Open Educational Resources, organized by Benjamin Atchison, Fram-
ingham State University, Robert Beezer, University of Puget Sound, and Oscar Levin, University of Northern Colorado. 
An increasing number of authoring tools, learning platforms, and related technological enhancements continue to foster 
the creation of open educational resources (OER) in mathematics and across disciplines, as well as push the boundaries 
in such areas as accessibility and both online and mobile learning. This session will showcase recent developments in 
this area. Presentations will include, but are not limited to, newly authored or enhanced OER and technological improve-
ments/innovations related to mathematics instruction and education. Sponsored by MAA’s Committee on Technologies 
in Mathematics Education.

Discrete Mathematics in the Undergraduate Curriculum - Ideas and Innovations in Teaching, organized by John 
Caughman, Portland State University, Oscar Levin, University of Northern Colorado, and Elise Lockwood, Oregon State 
University. Discrete mathematics is a fundamental aspect of computer science, and it is increasingly relevant in our digital 
world. The aim of this session is for researchers and teachers to share ideas for how to improve the teaching and learning 
of discrete mathematics at all undergraduate levels. We welcome scholarly presentations that speak to pedagogical aspects 
of discrete mathematics, which may include, but are not limited to: research on student thinking about relevant concepts, 
research demonstrating effective instructional strategies, ideas for incorporating technology into the discrete mathematics 
classroom, innovative activities or pedagogical interventions, or philosophies toward teaching discrete mathematics.

The EDGE (Enhancing Diversity in Graduate Education) program: Pure and Applied talks by Women Math Warriors, 
organized by Laurel Ohm, University of Minnesota and Shanise Walker, University of Wisconsin-Eau Claire. Since its 
beginning in 1998, over two hundred and forty women have participated in the EDGE program. Approximately seventy 
are currently working towards a PhD, over one hundred and twenty have earned Masters and more than eighty have gone 
on to successfully complete PhDs. This session will be comprised of research talks in a variety of different subdisciplines 
given by women involved with the EDGE program. Presenters will include graduate students, early career mathematicians, 
and tenured faculty. For more information on the EDGE program see www.edgeforwomen.org.

Effective Assessment Practices in Large-enrollment Classes or Non-traditional Classrooms, organized by Beste Gucler, 
University of Massachusetts Dartmouth, Gulden Karakok, University of Northern Colorado, Jessica OShaughnessy, 
Shenandoah University, Jana Talley, Jackson State University, and Michael Tallman, Oklahoma State University. The 
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MAA’s Instructional Practices (IP) Guide was designed to inform effective teaching through evidence-based classroom, 
assessment, and course design practices. Aligning with the work of the MAA’s Committee on Assessment, the document 
outlines important aspects of assessment practices that are critical to the future of mathematics education at the under-
graduate level. In particular, the MAA’s IP Guide provides several assessment techniques for large-enrollment classes and 
non-traditional classrooms (e.g., independent study, industrial projects, undergraduate research, online courses). These 
assessment techniques encompass effective and thoughtful use of formative or summative assessments, keeping student 
learning outcomes on the forefront. This session presents both preliminary and completed research reports on implemen-
tation of these assessment techniques or others that are inspired by them either for formative or summative assessment 
in large-enrollment classes or non-traditional classrooms. In addition to research reports, contributors are encouraged to 
submit anecdotal evidence of successful implementation of relevant assessment techniques in such settings. Sponsored 
by MAA Committee on Assessment.

Fostering Creativity in Undergraduate Mathematics Courses, organized by Emily Cilli-Turner, University of La Verne, 
Houssein El Turkey, University of New Haven, Gulden Karakok, University of Northern Colorado, Milos Savic, University 
of Oklahoma, and Gail Tang, University of La Verne. Creativity is an integral part of practicing mathematicians’ work, 
but it is seldom explicitly valued or fostered in undergraduate mathematics courses. While research into the promotion 
of mathematical creativity exists in the K–12 literature, studies at the undergraduate level are sparse. As such, theoretical 
frameworks, pedagogical techniques, tasks, and classroom environments that promote mathematical creativity for under-
graduate students have not been extensively studied. For this session, we invite proposals that describe either a theoretical 
framework, an activity/assignment/project, or teaching practices that faculty believe can be successful in producing creative 
results from students in an undergraduate mathematics course. Talks in this session should describe outcomes and give 
evidence of success of the intervention.

A History of Mathematics in the United States and Canada: A session in Honor of Math Historian David Zitarelli, 
organized by Colin McKinney, Wabash College and Amy Shell-Gellasch, Eastern Michigan University. Just two months 
before the publication of his two-volume A History of Mathematics in the United States and Canada, historian of mathematics 
David Zitarelli passed away in his sleep. His four-decade career in mathematics and the history of mathematics added 
seminal work to the field, including seven text books! And his perpetually joyous demeanor made history of mathematics 
meetings filled with warmth and comradery. David’s historical research focused on the history of mathematics in America, 
with a seminal work on the history of the EPaDel section of the MAA. This session honors the work and legacy of Dr. 
Zitarelli by presenting papers on the history of mathematics in America and Canada, to include educational practices, 
biographies, history of the MAA and its sections, and other related work. Sponsored by HOM SIGMAA.

Inclusive Excellence for the Mathematical Sciences, organized by Naiomi Cameron, Lewis & Clark College, Rachelle 
DeCoste, Wheaton College, Chris Goff, University of the Pacific, and Semra Kilic-Bahi, Colby-Sawyer College. The 
disparities in the field of mathematics in terms of gender, race, background, and ethnicity continue to remain problem-
atic for its sustained prosperity. Focused and intentional efforts are required to close the gap. For this session, we invite 
presentations describing programs that have been developed to attract, involve, and retain women and underrepresented 
groups. We also encourage presentations on studies that have been designed to identify and address challenges faced 
in the mathematics community relating to gender identity and sexual orientation. We invite presentations focused on 
innovations in the curriculum, outreach and extracurricular activities, STEM community-building efforts both inside 
and outside the classroom, effective social and academic support structures, and scholarly efforts aimed to identify and 
raise awareness of these issues. Organized by MAA Committee on the Participation of Women in Mathematics and Joint 
Committee on Women in Mathematical Sciences.

Incorporating Realistic Applications of Mathematics Through Interdisciplinary Collaborations, organized by Mary 
Beisiegel, Oregon State University, Suzanne Doree, Augsburg University, Mary R. Parker, University of Texas Austin, and 
Rebecca Segal, Virginia Commonwealth University. Finding realistic applications of mathematics from other disciplines 
that can be included in mathematics courses is challenging. Many of us have benefited from our interactions with faculty 
and practitioners from other disciplines. Others of us realize that this would be useful, but are unsure how to begin such 
a collaboration. Papers in this session will highlight the process of the collaboration (how it began, the eventual results, 
and a summary of “lessons learned”) as well as showcasing a particular example of an application of mathematics that 
was added to the curriculum as a result of the collaboration. Examples at any level of the mathematics curriculum are 
welcome. All presentations should include evidence of success in the collaboration process as well as evidence of impact 
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on students, for example on student engagement, sense of belonging, student learning, persistence in math/STEM, etc. 
In the abstract, please identify the partner discipline(s), mathematics course(s), and the nature of examples developed. 
Sponsored by Math Across the Disciplines subcommittee of CUPM.

Innovations in Complex Analysis, organized by Mike Brilleslyper, United States Air Force Academy, Russell W. Howell, 
Westmont College, and Beth Schaubroeck, United States Air Force Academy. Proposals for this session of the JMM should 
be scholarly in nature, but can come from a wide range of topics such as: surveying an episode in complex analysis that 
is of particular historical interest, demonstrating the use of complex analysis in art, elaborating on a new approach to a 
standard theorem, describing research projects suitable for undergraduate or graduate students, and presenting an atypical 
idea that could be worked into the standard curriculum.

Innovative and Effective Ways to Teach Linear Algebra, organized by Sepideh Stewart, University of Oklahoma, Gil 
Strang, MIT, David Strong, Pepperdine University, and Megan Wawro, Virginia Tech. 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, Java Applets 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.

Inquiry-Based Learning and Teaching, organized by Brian Katz, Augustana College, Carl Mummert, Marshall Univer-
sity, and Victor I. Piercey, Ferris State University. 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 mathe-
matical phenomena, questions, and communities. Within this context, IBL methods 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 
mathematical 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 mathe-
matics 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. Among these and other topics, talks related to assessment are strongly encouraged. 
Sponsored by IBL SIGMAA.

Integrating Research into the Undergraduate Classroom, organized by Timothy B. Flowers, Indiana University of 
Pennsylvania and Shannon R. Lockard, Bridgewater State University. Undergraduate research is a high-impact practice 
that inspires student learning, builds crucial skills, boosts retention and graduation rates, and particularly benefits un-
derrepresented 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 undergrad-
uate research in the classroom, or student experiences and feedback. All talks should emphasize 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.

Making Business Calculus Relevant, organized by Britney Hopkins, University of Central Oklahoma and Leslie Jones, 
University of Tampa. Business calculus is a service course in high demand for many mathematics departments. We seek 
presentations on the following:
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 • Topics from business calculus used in advanced business courses (a curriculum map of concepts from business 
calculus to advanced business courses) 

 • Practical professional development ideas for mathematics faculty to facilitate an increase in knowledge of appli-
cations of concepts taught in business calculus 

 • Innovative course designs that speak to collaboration with business faculty or business professionals
 • Survey data to provide insight into the perspectives of the course’s stakeholders
 • Incorporation of technology into business calculus with a clear explanation of the learning objectives taught with 

the enhanced computational/visual ability.

Mathematical Experiences and Projects in Business, Industry, and Government (BIG), organized by Robert Burks, 
Naval Postgraduate School. The extraordinary growth of problems facing business, industry, and government seems 
overwhelming. It should not! As mathematicians, operations research analysts, and engineers, including those within 
academia, we experience and tackle these problems with experience, knowledge, and technological tools. We solve ap-
plied mathematics problems in business, industry, and government, including military applications, almost daily. We 
seek presenters to share examples of this type of problem solving. These may include problems where you have no clue 
how to proceed and are seeking ideas from our audience. Your talks will serve as inspiration to solve and tackle the real 
problems that we may face in the future. You do not have to be a BIG SIGMAA member to attend or present. Sponsored 
by the SIGMAA on Business, Industry, and Government.

Mathematical Knowledge of Teachers as an Integrated Application in Core Mathematics Courses, organized by Elizabeth 
Arnold, James Madison University, Wesley Calvert, Southern Illinois University, Doug Ensley, Shippensburg University, 
Elizabeth Fulton, Montana State University, Yvonne Lai, University of Nebraska - Lincoln, Priya Prasad, The University of 
Texas at San Antonio, and April Strom, Chandler/Gilbert Community College. Core courses in the math curriculum often 
include problems attending to specific application areas such as science, engineering, and business. These problems serve 
to emphasize the utility of the mathematics in the areas, to legitimize the application area as requiring deep mathematical 
thinking, and to help students understand the breadth of career opportunities for mathematicians. The MAA META Math 
project (NSF 1726624) is focused explicitly on adding “secondary teaching” to the list of legitimate application areas of 
mathematics by creating resources and training on the integration of curriculum materials for every math major course. In 
this session, participants will share course materials that can be integrated into traditional undergraduate major courses 
with the goal of inspiring future teachers to engage in deep thinking about how undergraduate mathematics connects 
to high school content. The audience will consist of instructors who teach core math major courses, such as calculus, 
discrete math, statistics, and abstract algebra, and who wish to have a positive impact on the mathematics training of 
future teachers. We also encourage presentations by researchers who have examined the nature of these courses, including 
instruction, learning outcomes, and development. Sponsored by MAA COMET and SIGMAA-MKT.

Mathematics and the Arts: in the Classroom and Beyond, organized by Douglas Norton, Villanova University. This 
session explores the intersections of mathematics with various fiber, paint, sculpture, dance, literature, film, poetry, 
architectural, and other arts. Presentations on creative engagements, historical or biographical surveys, and particularly 
classroom experiences are welcome. Sponsored by SIGMAA Arts.

Mathematics and the Life Sciences: Initiatives, Programs, Curricula, organized by Timothy D. Comar, Benedictine Uni-
versity, Carrie Diaz Eaton, Bates College, and Raina Robeva, Sweet Briar College. The 2015 CUPM Curriculum Guide to 
Majors in the Mathematical Sciences identified the life sciences as a key path through the mathematics major to graduate 
programs and the workforce. Topics include scholarly contributions addressing initiatives, programs, curricula, and course 
materials at the interface of mathematics and the life sciences that have been implemented and tested at institutions of 
higher education. Sponsored by BIO SIGMAA.

Mathematics and Sports, organized by Diana Cheng, Towson University and John David, Virginia Military Institute. 
The expanding availability of play-by-play statistics and video-based spatial data have led to innovative research using 
techniques from across the mathematical sciences, with impacts on strategy and player evaluation. Other areas of interest 
include ranking methods, predictive models, physics-based analysis, etc. Research presentations, expository talks, and 
contributions related to curriculum or pedagogy are all welcome. With a broad audience in mind, talks should be acces-
sible to undergraduate mathematics majors, and projects involving undergraduate students are particularly encouraged 
for submission. Sponsored by the Sports SIGMAA.
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Modeling-First Inquiry-Based Course Activities, organized by Ben Galluzzo, Clarkson University and Brian Winkel, 
SIMIODE. Mathematical modeling is widely used to motivate student learning in courses across the mathematical 
curriculum. Implementation of the modeling process through inquiry-based activities varies by course as well as back-
ground of the professor, majors of the students, departmental constraints, and type of institution. Models come in many 
forms, from conservation laws in differential equations to regression analysis in statistics, but each model is a chosen 
representation for a particular purpose. Students develop mathematical reasoning through inquiry, as results of a model 
depend upon the questions asked in forming it. This motivates students to learn needed content and makes them aware 
of assumptions as they revise their model. We invite scholarly presentations of in-class activities, projects, and/or data 
collection experiences that generate active, inquiry-oriented learning across the mathematics curriculum. The diversity of 
presented modeling implementations benefits the community through shared resources, support, and new perspectives. 
Presenters are encouraged to discuss the value of modeling to themselves as teachers and to their students as learners, as 
well as assessment techniques and pedagogical successes and challenges.

Quantitative Literacy and Social Justice: An Ongoing Dialogue, organized by Mark A. Branson, Stevenson University, 
Catherine Crockett, Point Loma University, Jason Douma, University of Sioux Falls, Gizem Karaali, Pomona College, 
Victor Piercey, Ferris State University, and Samuel L. Tunstall, Trinity University. At the 2019 Joint Mathematics Meetings, 
Dave Kung and Kira Hamman called for a need to teach mathematics and quantitative literacy with an eye toward social 
justice. As part of their presentation, they not only reiterated the importance of promoting quantitative literacy for social 
justice (and vice versa), but also pushed the audience to consider issues such as who “receives” quantitative literacy on their 
campus, as well as how students are positioned in mathematics classrooms. Their remarks accentuated that the relation-
ship between quantitative literacy and social justice is complex, and that there is much for the mathematics community 
to consider as we teach in an era of alternative facts, dueling memes, and politically charged classrooms. For this paper 
session, we invite talks that attend to quantitative literacy and social justice, broadly construed. Presentations might address 
the following: teaching quantitative literacy with or for social justice; the quantitative exploration of social justice topics; 
and issues of pedagogy or policy related to quantitative literacy and social justice. Presenters are encouraged to situate 
their work within existing scholarly conversations and to actively engage the audience with thought-provoking examples 
or novel questions. Sponsored by SIGMAA-QL and MAA Subcommittee on Mathematics Across the Disciplines (MAD).

Recreational Mathematics: Puzzles, Card Tricks, Games, and Gambling, organized by Paul R. Coe, Dominican University, 
David A. Nash, Le Moyne College, Andrew Niedermaier, Jane Street Capital, and Sara B. Quinn, Dominican University. 
Puzzles, card tricks, board games, game shows, and gambling provide an excellent laboratory for testing mathematical 
strategy, probability, and enumeration. The analysis of such diversions is fertile ground for the application of mathematical 
and statistical theory. Solutions to new problems as well as novel solutions to old problems are welcome. Submissions by 
undergraduates or examples of the use of the solutions of these problems in the undergraduate classroom are encouraged. 
Sponsored by the SIGMAA on Math Rec.

Re-Envisioning the Calculus Sequence, organized by Robin Cruz, College of Idaho, Tom Halverson, Macalester College, 
Joel Kilty, Centre College, Alison Marr, Southwestern University, Alex M. McAllister, Centre College, and Chad Topaz, 
Williams College. The MAA’s 2015 report “A Common Vision for Undergraduate Mathematical Sciences Programs in 
2025” summarized the findings of seven curriculum guides from AMATYC, AMS, ASA, MAA, and SIAM. The unanimous 
conclusion of all these guides is that “The status quo is unacceptable.” The report goes on to offer a compelling call to action 
for mathematicians to: update curricula; articulate clear pathways; scale up the use of evidence-based pedagogical meth-
ods; remove barriers facing students at critical transition points; encourage student persistence; and establish stronger 
connections with other disciplines. While all aspects of this call are challenging, the prospect of updating the calculus 
curriculum and the pathways into the calculus sequence are particularly challenging. This session invites presenters to 
share their approaches to “re-envisioning” calculus, how they are rethinking the critical transition into and through a 
calculus sequence, and a candid assessment of both the advantages and disadvantages of their choices.

Research in Undergraduate Mathematics Education (RUME), organized by Nicole Engelke Infante, West Virginia 
University, Shiv Smith Karunakaran, Michigan State University, and Megan Wawro, Virginia Tech. The goals of this 
session are to promote high quality research in undergraduate mathematics education, to disseminate well-designed 
educational studies to the greater mathematics community, and to facilitate a productive impact of research findings 
on pedagogy in college mathematics. Presentations may be based on research in areas such as calculus, linear algebra, 
differential equations, abstract algebra, and mathematical proof. Examples include rigorous and scientific studies about 
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students’ mathematical cognition and reasoning, teaching practice in inquiry-oriented mathematics classrooms, design 
of research-based curricular materials, and professional development of instructors that supports college students’ mathe-
matical thinking. Presentations should report on completed research that builds on the existing literature in mathematics 
education and employs contemporary educational theories of the teaching and learning of mathematics. The research 
should use well-established or innovative methodologies as they pertain to the study of undergraduate mathematics 
education. Sponsored by SIGMAA RUME.

Role of Explanation in Mathematical Proofs, organized by Jeff Buechner, Rutgers University Newark, Sally Cockburn, 
Hamilton College, and Kevin Iga, Pepperdine University. Mathematical proofs are a form of argument. We can say of 
arguments in general—and mathematical proofs specifically—that, when sound, they show us that the claim made is 
true. But often some arguments—and this includes some mathematical proofs—do more. They also explain to us why 
it is true. Proposed talks might discuss (but are not limited to) the following topics. What is it to explain why a mathe-
matical theorem is true? Which mathematical proofs explain why the theorem proved is true? Some doubt that proofs 
by mathematical induction can. Is mathematical explanation different from, say, scientific explanation (which does not 
involve the use of mathematics)? Is it different from historical explanation? Or is there a unified sense of “explanation” 
which is common to its use in all subjects, including mathematics? Are there instances of mathematical theorems which 
have multiple proofs, some of which are elegant and simple, but not explanatory, while the others are neither elegant nor 
simple, but explanatory? If so, does being explanatory count as a good reason to prefer one kind of proof over the other? 
Is a shorter proof always explanatory than a longer proof? All proposals to discuss the role of explanation in mathematical 
proofs will be considered. Sponsored by POM SIGMAA.

The Scholarship of Teaching and Learning in Collegiate Mathematics, organized by Tom Banchoff, Brown University, 
Curtis Bennett, California State University Long Beach, Jacqueline Dewar, Loyola Marymount University, Edwin Herman, 
University of Wisconsin-Stevens Point, and Lew Ludwig, Denison University. 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, assign-
ments, or technology, as well as inquiries into student understanding. The session goals are to: (1) feature scholarly work 
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 teaching in-
novations or in support of new insights into student learning. Appropriate for this session are preliminary or final reports 
of investigations of post-secondary teaching methods, student learning difficulties, curricular assessment, or insights into 
student (mis)understandings. Abstracts should: (1) have a clearly stated question that was or is under investigation and 
(2) indicate the type of evidence that has been or will be gathered and presented. For example, abstracts might refer to 
evidence such as student work, participation or retention data, pre/post tests, interviews, surveys, think-alouds.

Scholarship on Teaching and Learning Statistics, organized by Lisa Carnell, High Point University. Statistics education 
is an expanding field that has grown out of several disciplines including mathematics education and educational psy-
chology. It is a field devoted to the improvement of teaching and learning statistics at all educational levels. Research in 
statistics education is both qualitative and quantitative and ranges from classroom studies of new pedagogical methods 
to multi-institution research projects investigating how students learn statistics to the development of theoretical learning 
models. This session invites presentations on research and scholarship in the teaching and learning of statistics at all levels 
from K–12 through postsecondary to the training of professionals. Presentations may include current research projects in 
the classroom or across institutions, including research on attitudes, beliefs, and dispositions toward statistics. Reviews 
of the statistics education research literature are also welcome. Research projects should be approved by the presenter’s 
Institutional Review Board. Sponsored by the SIGMAA on Statistics Education, SIGMAA on Research in Undergraduate 
Mathematics Education.

Tangents to Math Circles, organized by Amanda K. Serenevy, Riverbend Community Math Center and James Taylor, 
Math Circles Collaborative of New Mexico. Many members of the Math Circle community bring their enthusiasm for 
mathematics to other kinds of math outreach settings. Presenters in this themed session will share ideas for adapting 
specific topics to some of these “Math Circle tangents.” These settings might include adaptations of Math Circle topics to 
classrooms, public festivals, MESA competitions, STEM/STEAM rallies, family math nights, or mentoring math-centered 
student projects for Science or STEM Fairs or computational science competitions. Sponsored by SIGMAA MCST.



september 2019  Notices of the AmericAN mAthemAticAl society   1385

MEETINGS & CONFERENCES

The Teaching and Learning of Undergraduate Ordinary Differential Equations, organized by Christopher S. Go-
odrich, Creighton Preparatory School and Beverly H. West, Cornell University. 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 description 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; (4) examples of interdisciplinary lessons such as, for example, those that connect to social justice 
and environmental concerns; and (5) descriptions of applications or nonstandard topics and how such topics can lead to 
student engagement and interest. In addition, contributors should include some discussion of the success of their meth-
ods, such as in what ways the activity or method under discussion has improved student learning, retention, or interest 
in the differential equations course.

Teaching Mathematics with Humor or Pop Culture, organized by Sarah J. Greenwald, Appalachian State University, 
Semra Kilic-Bahi, Colby-Sawyer College, and Cesar Martínez-Garza, Pennsylvania State University at Berks. Humor is 
a powerful teaching tool. Popular culture that is familiar to students, including known shows, movies, books, music, 
and more, can be too. They both can be used to make a course more interesting, to introduce a topic or a concept, to 
emphasize a misconception, or to help recall learned material. Furthermore, they can help build relationships and 
classroom communities by easing stressful situations, reducing anxiety levels, enhancing communication, and meeting 
students where they are. This session will showcase presentations on how humor or popular culture can be combined 
with mathematics to enhance learning. We particularly encourage submissions about ideas and techniques that have been 
tested in the classroom and have had a demonstrated effect on student learning and attitudes, though more theoretical 
or tentative approaches are also welcome. This session specifically emphasizes the place of humor and popular culture 
in the mathematics classroom, but outstanding submissions about other facets of the relationship of mathematics and 
humor or mathematics and popular culture will also be considered.

Tell Me a Story: Connections between Mathematics and Performed or Print Narrative, organized by Kristin Camenga, 
Juniata College, Judith Covington, Northwestern State University of Louisiana, and Sharon K. Robbert, Trinity Christian 
College. This session invites presentations that incorporate stories that capture our interest in literature, drama, and film 
into college-level mathematics. Most mathematicians know how the novel Flatland illustrates higher dimensions and how 
the film The Man Who Knew Infinity describes the work of mathematicians. What other gems are hidden in our cultural 
narratives that mathematics can assimilate? Presentations might consider connections to narratives that intentionally 
incorporate mathematics as an integral part of the plot or to stories whose applications to mathematics are ripe for ex-
ploitation. Both scholarly explorations of mathematics embedded in a lesser-known story or pedagogical connections 
to visual or written literature that promote student learning are desired. Pedagogical connections should incorporate 
evaluation of implementation and effectiveness. We seek innovative and creative connections between mathematics and 
story that humanize mathematics and embody mathematical concepts involving students in mathematics. Sponsored by 
MAA Committee on Professional Development and MAA Committee on Two-Year Colleges.

General Contributed Paper Sessions
GENERAL CONTRIBUTED PAPER SESSIONS, organized by Holley Friendlander, Dickinson College, Cathy Erbes, 
Hiram College, and Steven McKay, Brigham Young University. The MAA’s General Contributed Paper Session accepts 
contributions 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: Assessment; History or Philosophy of Mathematics; Interdisciplinary 
Topics in Mathematics; Mathematics and Technology; Mentoring; Modeling and Applications; Outreach; Teaching and 
Learning Developmental Mathematics; Teaching and Learning Introductory Mathematics; Teaching and Learning Calculus; 
Teaching and Learning Advanced Mathematics; Algebra; Analysis; Applied Mathematics; Geometry; Graph Theory; Linear 
Algebra; Logic and Foundations; Number Theory; Probability and Statistics; Topology; and Other Topics.
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Charlottesville, Virginia
University of Virginia

March 13–15, 2020
Friday – Sunday

Meeting #1155
Southeastern Section
Associate secretary: Brian D. Boe

Announcement issue of Notices: January 2020
Program first available on AMS website: February 4, 2020
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 41, Issue 2

Deadlines
For organizers: August 15, 2019
For abstracts: January 21, 2020

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

Invited Addresses
Moon Duchin, Tufts University, Title to be announced (Einstein Public Lecture in Mathematics).
Laura Ann Miller, University of North Carolina, Title to be announced.
Yusu Wang, Ohio 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 https://www.ams.org/cgi-bin/abstracts/abstract.pl.

“Young Guns” in Arithmetic Geometry and Number Theory (Code: SS 12A), Evangelia Gazaki and Ken Ono, University 
of Virginia.

Advances in Difference, Differential, Fractional Differential and Dynamic Equations with Applications (Code: SS 2A),  
Muhammad Islam and Youssef Raffoul, University of Dayton.

Advances in Infectious Disease Modeling: From Cells to Populations (Code: SS 4A), Lauren Childs, Stanca Ciupe, and 
Omar Saucedo, Virginia Tech.

Algebraic Groups: Arithmetic and Geometry (Code: SS 10A), Raman Parimala, Emory University, Andrei Rapinchuk, 
University of Virginia, and Igor Rapinchuk, Michigan State University.

Categorical Representation Theory and Beyond (Code: SS 11A), You Qi and Liron Speyer, University of Virginia, and 
Joshua Sussan, CUNY Medgar Evers (AMS-AAAS).

Curves, Jacobians, and Abelian Varieties (Code: SS 1A), Andrew Obus, Baruch College (CUNY), Tony Shaska, Oakland 
University, and Padmavathi Srinivasan, Georgia Institute of Technology.

Homotopy Theory (Code: SS 15A), Julie Bergner and Nick Kuhn, University of Virginia.
Homotopy Theory (Code: SS 6A), John Berman, University of Texas at Austin, and Prasit Bhattacharya, University of 

Virginia.
Knots and Links in Low-Dimensional Topology (Code: SS 5A), Thomas Mark, University of Virginia, Allison Moore, Uni-

versity of California Davis, and Ziva Myer, Duke University.
Mathematical String Theory (Code: SS 9A), Ilarion Melnikov, James Madison University, Eric Sharpe, Virginia Tech, 

and Diana Vaman, University of Virginia (AMS-AAAS).
Motivic Aspects of Topology and Geometry (Code: SS 16A), Kirsten Wickelgren, Duke University, and Inna Zakharevich, 

Cornell University.
Numerical Methods for Partial Differential Equations: A Session in Honor of Slimane Adjerid’s 65th Birthday (Code: SS 3A), 

Mahboub Baccouch, University of Nebraska at Omaha.
Recent Advances in Graph Theory and Combinatorics (Code: SS 8A), Neal Bushaw, Virginia Commonwealth University, 

and Martin Rolek and Gexin Yu, College of William and Mary (AMS-AAAS).
Recent Advances in Harmonic Analysis (Code: SS 7A), Amalia Culiuc, Amherst College, Yen Do, University of Virginia, 

and Eyvindur Ari Palsson, Virginia Tech.
Representation Theory of Algebraic Groups and Quantum Groups: A Tribute to the Work of Cline, Parshall and Scott (CPS) 

(Code: SS 13A), Chun-Ju Lai and Daniel K. Nakano, University of Georgia, and Weiqiang Wang, University of Virginia.
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Special Sets of Integers in Modern Number Theory (Code: SS 14A), Cristina Ballantine, College of the Holy Cross, and 
Hester Graves, Center for the Computing Sciences.

Medford, Massachusetts
Tufts University

March 21–22, 2020
Saturday – Sunday

Meeting #1156
Eastern Section
Associate secretary: Steven H. Weintraub

Announcement issue of Notices: January 2020
Program first available on AMS website: February 11, 2020
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 41, Issue 2

Deadlines
For organizers: August 22, 2019
For abstracts: January 28, 2020

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

Invited Addresses
Daniela De Silva, Columbia University, Title to be announced.
Enrique Pujals, City University of New York, Title to be announced.
Chris W. Woodward, Rutgers, The State University of New Jersey, 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 https://www.ams.org/cgi-bin/abstracts/abstract.pl.

Analysis on Homogeneous Spaces (Code: SS 6A), Jens Christensen, Colgate University, Matthew Dawson, CIMAT, Mérida, 
México, and Fulton Gonzalez, Tufts University.

Anomalous Diffusion Processes (Code: SS 3A), Christoph Borgers, Tufts University, and Claude Greengard, New York 
University and Foss Hill Partners.

Current Trends in Combinatorial Commutative Algebra (Code: SS 7A), Kuei-Nuan Lin, Pennsylvania State University, 
Greater Allegheny, and Augustine O’Keefe, Connecticut College.

Geometric Dynamics and Billiards (Code: SS 4A), Boris Hasselblatt and Eunice Kim, Tufts University, Kathryn Lindsey, 
Boston College, and Zbigniew Nitecki, Tufts University.

Mathematics of Data Science (Code: SS 5A), Vasileios Maroulas, University of Tennessee Knoxville, and James M. 
Murphy, Tufts University.

Modeling and Analysis of Partial Differential Equations in Fluid Dynamics and Related Fields: Geometric and Probabilistic 
Methods (Code: SS 1A), Geng Chen, University of Kansas, Siran Li, Rice University and Centre de Recherches Mathéma-
tiques, Université de Montréal, and Kun Zhao, Tulane University.

Recent Advances in Schubert Calculus and Related Topics (Code: SS 2A), Christian Lenart and Changlong Zhong, State 
University of New York at Albany.
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West Lafayette, Indiana
Purdue University

April 4–5, 2020
Saturday – Sunday

Meeting #1157
Central Section
Associate secretary: Georgia Benkart

Announcement issue of Notices: February 2020
Program first available on AMS website: February 18, 2020
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 41, Issue 2

Deadlines
For organizers: September 5, 2019
For abstracts: February 4, 2020

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

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

Analysis and Probability in Sub-Riemannian Geometry (Code: SS 5A), Jeremy Tyson, University of Illinois Urbana- 
Champaign, and Jing Wang, Purdue University.

Harmonic Analysis (Code: SS 2A), Brian Street and Shaoming Guo, University of Wisconsin-Madison.
The Interface of Harmonic Analysis and Analytic Number Theory (Code: SS 1A), Theresa Anderson, Purdue University, 

Robert Lemke Oliver, Tufts University, and Eyvindur Palsson, Virginia Tech University.
Low-dimensional Topology (Code: SS 4A), Matthew Hedden, Katherine Raoux, and Lev Tovstopyat-Nelip, Michigan 

State University.
Mathematical Methods for Inverse Problems (Code: SS 3A), Isaac Harris and Peijun Li, Purdue University.
Multiplicative Ideal Theory in honor of the career of William Heinzer (Code: SS 8A), Evan Houston, University of North 

Carolina, Charlotte, and Alan Loper, Ohio State University.
Recent Developments in Automorphic Forms and Representations of p-adic Groups (Code: SS 7A), David Goldberg, Baiying 

Liu, and Freydoon Shahidi, Purdue University. 
Recent Developments in Commutative Algebra (Code: SS 6A), Jennifer Kenkel, University of Kentucky, and Liquan Ma 

and Uli Walther, Purdue University.

Fresno, California
California State University, Fresno

May 2–3, 2020
Saturday – Sunday

Meeting #1158
Western Section
Associate secretary: Michel L. Lapidus

Announcement issue of Notices: March 2020
Program first available on AMS website: March 19, 2020
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 41, Issue 2

Deadlines
For organizers: October 3, 2019
For abstracts: March 3, 2020

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

Invited Addresses
Sami Assaf, University of Southern California, Los Angeles, Title to be announced.
Natalia Komarova, University of California, Irvine, Title to be announced.
Joseph Teran, University of Southern California, Los Angeles, Title to be announced.
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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 abstract submission 
form found at https://www.ams.org/cgi-bin/abstracts/abstract.pl.

Algebraic Structures in Knot Theory (Code: SS 4A), Carmen Caprau, California State University, Fresno, and Sam Nelson, 
Claremont McKenna College.

DG Methods in Commutative Algebra and Representation Theory (Code: SS 2A), Benjamin Briggs, Janina Letz, and Josh 
Pollitz, University of Utah.

Inverse Problems (Code: SS 5A), Hanna Makaruk, Los Alamos National Laboratory, and Robert Owczarek, University 
of New Mexico, Albuquerque and University of New Mexico, Los Alamos.

Mathematical Methods in Evolution and Medicine (Code: SS 1A), Natalia Komarova and Jesse Kreger, University of 
California, Irvine.

Numerical Semigroups and Applications (Code: SS 3A), Elie Alhajjar, West Point Military Academy, and Christopher 
O’Neill, San Diego State University.

El Paso, Texas
University of Texas at El Paso

September 12–13, 2020
Saturday – Sunday

Meeting #1159
Central Section
Associate secretary: Georgia Benkart

Announcement issue of Notices: June 2020
Program first available on AMS website: July 28, 2020
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 41, Issue 3

Deadlines
For organizers: February 20, 2020
For abstracts: July 14, 2020

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

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

Algebraic Structures in Topology, Logic, and Arithmetic (Code: SS 3A), John Harding, New Mexico State University, and 
Emil Schwab, The University of Texas at El Paso.

Algebraic, Geometric and Topological Combinatorics (Code: SS 6A), Art Duval, University of Texas at El Paso, Caroline 
Klivans, Brown University, and Jeremy Martin, University of Kansas. 

Fixed Point Theory and its Applications (Code: SS 5A), Monther R. Alfuraidan, King Fahd University of Petroleum & 
Minerals, KSA, Mohamed A. Khamsi, The University of Texas at El Paso, Poom Kumam, King Mongkut University of 
Technology, and Osvaldo Mendez, The University of Texas at El Paso.

High-Frequency Data Analysis and Applications (Code: SS 1A), Maria Christina Mariani and Michael Pokojovy, University 
of Texas at El Paso, and Ambar Sengupta, University of Connecticut.

Low-dimensional Topology and Knot Theory (Code: SS 4A), Mohamed Ait Nouh and Luis Valdez-Sanchez, University of 
Texas at El Paso.

Nonlinear Analysis and Optimization (Code: SS 2A), Behzad Djafari-Rouhani, University of Texas at El Paso, and Akhtar 
A. Khan, Rochester Institute of Technology.
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State College, Pennsylvania
Pennsylvania State University, University Park Campus

October 3–4, 2020
Saturday – Sunday

Meeting #1160
Eastern Section
Associate secretary: Steven H. Weintraub

Announcement issue of Notices: August 2020
Program first available on AMS website: August 25, 2020
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 41, Issue 3

Deadlines
For organizers: March 3, 2020
For abstracts: August 11, 2020

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

Invited Addresses
Melody Chan, Brown University, Title to be announced.
Steven J. Miller, Williams College, Title to be announced.
Tadashi Tokiedo, Stanford University, Title to be announced.

Chattanooga, Tennessee
University of Tennessee at Chattanooga

October 10–11, 2020
Saturday – Sunday

Meeting #1161
Southeastern Section
Associate secretary: Brian D. Boe

Announcement issue of Notices: August 2020
Program first available on AMS website: September 1, 2020
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 41, Issue 4

Deadlines
For organizers: March 10, 2020
For abstracts: August 18, 2020

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

Invited Addresses
Giulia Saccà, Columbia University, Title to be announced.
Chad Topaz, Williams College, Title to be announced.
Xingxing Yu, Georgia Institute of Technology, Title to be announced.

Salt Lake City, Utah
University of Utah

October 24–25, 2020
Saturday – Sunday

Meeting #1162
Western Section
Associate secretary: Michel L. Lapidus

Announcement issue of Notices: August 2020
Program first available on AMS website: September 17, 2020
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 41, Issue 4

Deadlines
For organizers: March 24, 2020
For abstracts: September 1, 2020
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The scientific information listed below may be dated. For the latest information, see https://www.ams.org/amsmtgs 
/sectional.html.

Invited Addresses
Bhargav Bhatt, University of Michigan, Ann Arbor, Title to be announced.
Jonathan Brundan, University of Oregon, Eugene, Title to be announced.
Mariel Vazquez, University of California, Davis, Title 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 Mathe-
matical Association of America (MAA), annual meetings of 
the Association for Women in Mathematics (AWM) and the 
National Association of Mathematicians (NAM), and the win-
ter 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

Announcement issue of Notices: October 2020

Program first available on AMS website: November 1, 2020

Program issue of electronic Notices: To be announced

Issue of Abstracts: To be announced

Deadlines

For organizers: April 1, 2020

For abstracts: To be announced

San Francisco, California
San Francisco State University

May 1–2, 2021
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

Program issue of electronic Notices: To be announced

Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced

For abstracts: To be announced

Grenoble, France
Université de Grenoble-Alpes

July 5–9, 2021

Monday – Friday

Associate secretary: Michel L. Lapidus
Announcement issue of Notices: To be announced

Program first available on AMS website: To be announced

Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

Deadlines
For organizers: To be announced
For abstracts: To be announced
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Buenos Aires, Argentina
The University of Buenos Aires

July 19–23, 2021
Monday – Friday
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced

Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

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

Omaha, Nebraska
Creighton University

October 9–10, 2021
Saturday – Sunday
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced

Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

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

Seattle, Washington
Washington State Convention Center and the Sheraton Seattle Hotel

January 5–8, 2022
Wednesday – Saturday
Associate secretary: Georgia Benkart
Announcement issue of Notices: October 2021
Program first available on AMS website: To be announced

Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

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

Boston, Massachusetts
John B. Hynes Veterans Memorial Convention Center, Boston Marriott Hotel, and Boston Sheraton Hotel

January 4–7, 2023
Wednesday – Saturday
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: October 2022
Program first available on AMS website: To be announced

Program issue of electronic Notices: To be announced
Issue of Abstracts: To be announced

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



Call for A
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s

THE 2020–21 JOAN AND JOSEPH BIRMAN
FELLOWSHIP FOR WOMEN SCHOLARS

The new Joan and Joseph Birman Fellowship for Women Scholars is a mid-career research fellowship 
specially designed to fit the unique needs of women. The fellowships are open only to women. This 
fellowship program, established in 2017, is made possible by a generous gift from Joan and Joseph 
Birman. 

The fellowship seeks to address the paucity of women at the highest levels of research in mathematics 
by giving exceptionally talented women extra research support during their mid-career years. 

The most likely awardee is a mid-career woman, based at a US academic institution, with a well-estab-
lished research record in a core area of mathematics. The fellowship will be directed toward those for 
whom the award will make a real difference in the development of their research career. Candidates 
must have a carefully thought-through research plan for the fellowship period. Special circumstances 
(such as time taken off for care of children or other family members) may be taken into consideration 
in making the award. 

The fellowship can be used to provide additional time for research of the awardee or opportunities 
to work with collaborators. This may include, but is not limited to, course buyouts, travel money, 
childcare support, or support to attend special research programs. 

Further information and instructions for submitting an application can be found at the fellowship 
website: www.ams.org/Birman-fellow.

For questions contact the AMS Senior Program Coordinator Kim Kuda at prof-serv@ams.org. 

Application period: September 1–December 1, 2019



American Mathematical Society  
Distribution Center

35 Monticello Place,  
Pawtucket, RI 02861 USA

facebook.com/amermathsoc
@amermathsoc

Graphs and Geometry  
László Lovász, Eötvös Loránd University, Budapest, Hungary, and 
Hungarian Academy of Sciences, Budapest, Hungary

A beautiful book, rich in intuition, insights, and examples, from one of 
the masters of combinatorics, geometry, and graph theory...Those of us 
who know graph theory still have much to learn from this presentation; 
for those who are new to the field, the book is a wonderful gift and 
invitation to participate.

—Jennifer Chayes, Microsoft Research

This book demonstrates how representing a graph in a geometric 
way, which may not be directly connected to the graph-theoretic 
problem, often has mathematical meaning and applications in 
proofs and algorithms. 
Colloquium Publications, Volume 65; 2019; 444 pages; Hardcover; ISBN: 978-
1-4704-5087-8; List US$99; MAA members US$89.10; AMS members US$79.20; 

Order code COLL/65

AMS / MAA Press 
Lectures on Differential Equations
Philip L. Korman, University of Cincinnati, OH

Lectures on Differential Equations provides a clear and concise 
presentation of differential equations for undergraduates and begin-
ning graduate students and should appeal especially to students in 
engineering and science.
AMS/MAA Textbooks, Volume 54; 2019; 399 pages; Hardcover; ISBN: 978-1-4704-
5173-8; List US$85; MAA members US$63.75; Individual member US$63.75; Order 
code TEXT/54

Sets, Groups, and Mappings
An Introduction to Abstract Mathematics
Andrew D. Hwang, College of the Holy Cross, Worcester, MA

Having no prerequisites beyond precalculus and an interest 
in abstract reasoning, this book is suitable for students of math 
education, computer science or physics who are looking for an 
easy-going entry into discrete mathematics, induction and 
recursion, groups and symmetry, and plane geometry. 
Pure and Applied Undergraduate Texts, Volume 39; 2019; 416 pages; Hardcover; 
ISBN: 978-1-4704-4932-2; List US$82; MAA members US$73.80; AMS members 
US$65.60; Order code AMSTEXT/39

Quantum Field Theory: 
Batalin–Vilkovisky Formalism 
and Its Applications
Pavel Mnev, University of Notre Dame, IN, and Steklov Institute of 
Mathematics, St. Petersburg, Russia

Oriented toward a graduate mathematical audience, this 
book gives an introduction to the perturbative path integral 
for gauge theories, in particular, topological field theories, 
in Batalin–Vilkovisky formalism and to some of its 
applications.
University Lecture Series, Volume 72; 2019; 192 pages; Softcover; ISBN: 
978-1-4704-5271-1; List US$60; MAA members US$54; AMS mem-
bers US$48; Order code ULECT/72
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