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A WORD FROM...
Stephan Ramon Garcia, Notices Associate Editor1

When I first drafted “A Word from...” in April 2020, over 95% of the United States pop-
ulation was in lockdown to slow the spread of the novel coronavirus that has already 
claimed hundreds of thousands of victims, including over one-hundred thousand here in 
the United States. The dramatic events of late May and early June, triggered by the callous 
homicide of George Floyd in Minneapolis, forced me to revisit the editorial shortly before 
it went to press. Tens of thousands of protesters from all walks of life now take to the streets 
every night to fight racial inequality and demand social justice. Although nobody knows 
precisely what the coming months will bring, we can all be fairly certain that the world 
will be significantly different in September 2020 than it was in September 2019.

A special issue honoring National Hispanic Heritage Month (September 15–October 
15) has become an annual tradition for the Notices, one that we were determined to see 
through despite the turbulent times. The Notices staff, editorial board members, and authors 
have all worked hard on this issue, despite having limited childcare, trouble obtaining basic 

supplies, social isolation, and constant concerns about their physical and mental well-being.
In this issue:

 • Han Peters (University of Amsterdam) and Liz Vivas (the Ohio State University) explain parabolic implo-
sion in complex dynamics.

 • Julio Rossi (University of Buenos Aires) investigates nonlocal diffusion equations.
 • Laura Escobar (Washington University in St. Louis) and Kiumars Kaveh (University of Pittsburgh) discuss 

convex polytopes and their connections to algebraic geometry and combinatorics.
 • Rodolfo Torres (University of California, Riverside) tells us about almost orthogonality in Fourier analysis.

To celebrate the fifth anniversary of the website Lathisms (Latinxs and Hispanics in the Mathematical Sciences, 
www.lathisms.org), Pamela E. Harris (Williams College), Alicia Prieto Langarica (Youngstown State University), 
Vanessa Rivera Quiñones (freelance data scientist), Luis Sordo Vieira (University of Florida), Rosaura Uscanga 
(Oklahoma State University), and Andrés R. Vindas Meléndez (University of Kentucky) present profiles of five of 
the 2020 Lathisms honorees.

On a more somber note, this issue contains a touching memorial for Carlos Berenstein, an outstanding math-
ematician, enthusiastic collaborator, and thoughtful and encouraging mentor.

Finally, our AMS Bookshelf column features brief reviews of two books with Latinx authors.
Please enjoy this exciting September 2020 HHM issue of the Notices. Let us hope that next year will be less 

eventful, and that we will be able to meet our friends and colleagues in person once more.
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Stephan Ramon Garcia is WM Keck Distinguished Service Professor and professor of mathematics at Pomona College. He is an associate editor 
of the Notices. His email address is stephan.garcia@pomona.edu.
1The opinions expressed here are not necessarily those of the Notices or the AMS.
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LETTERS TO THE EDITOR

*We invite readers to submit letters to the editor at notices-letters 
@ams.org.

regularly until he retired. There are several things that im-
pressed me about him. First, he was very personable and 
always available to me and my staff. (I just informed my 
staff members who knew and worked with Sam. They felt 
that he was a thoughtful gentleman and are also heartbro-
ken.) Sam and I spoke math on occasion, he helped me 
write some 1-minute speeches involving technical math 
topics, but our relationship was more focused on nurturing 
a link between the mathematics community and the polit-
ical system, keeping me aware of any legislation that was 
relevant to the math community. He was very diligent in 
organizing regular forums in the official office buildings to 
invite politicians and their staff to learn about some of the 
more accessible, relevant, and inspiring math topics, always 
providing sack lunches to encourage more attendance. Sam 
also knew how to throw a party. This was an important 
part of his job, as these gatherings brought policy makers 
and scientists of many stripes together with good results. 
I will miss seeing him in Washington with his warm and 
encouraging friendship.

—Representative Jerry McNerney
US Congress

PhD mathematician and AMS member

Letter to the Editor 
This month the science policy community mourns the loss 
of Sam Rankin, longtime director of the Washington office 
of the American Mathematical Society. Sam passed away on 
June 8 following complications from a stroke. 

Sam was perhaps best known to his peers as chairman 
of the Coalition for National Science Funding, an alliance 
of professional societies, universities and businesses united 
by their interest in the future vitality of the national science, 
mathematics and engineering enterprise. He led the group 
for roughly two decades and built it into a coalition of some 
130 member organizations that work together to advocate 
for the National Science Foundation, the federal research 
agency known for its curiosity-driven, multidisciplinary 
approach to science.

Thanks in large part to Sam’s efforts, CNSF continues 
to be known as the premier advocacy group for NSF. The 
coalition holds monthly meetings, issues policy recom-
mendations, and works to educate lawmakers. It hosts 
an annual science exhibition on Capitol Hill that draws 

Letter to the Editor 
The video of Mr. George Floyd dying on the street is too 
difficult to watch yet its impact has been profound. Aca-
demia needs to reflect on this incident. Seven decades ago, 
universities began ramping up the research component of 
mathematics departments. Since then, meager handfuls of 
minorities have obtained doctorates from mathematical 
sciences and statistics (MSS) departments each year. The 
mathematical aspirations of countless minorities have died 
in silence. No video recorded these deaths. When was the 
last time that you advised a Native American undergrad-
uate or discussed mathematics with a Native American 
mathematician? This glaring lack of contact with this one 
important minority group is evidence of the harm inflicted 
by MSS departments on the minority population in general.

The current unrest that we see on the streets is connected 
to white privilege. I earned a PhD in mathematics. This led 
me out of poverty and granted me privileges. I had a safe 
work environment, a regular paycheck, health insurance, a 
retirement account and traveled around the world. I own a 
home. Few minorities have these privileges.

There is an implicit social contract between the minority 
community and MSS departments. The tax dollars of mi-
norities support the research and privileges of faculty in 
MSS departments, and in return, MSS departments educate 
minority children. That social contract has broken.

I call on our profession to recognize the professional 
privilege in which we live, to reformulate departmental pol-
icies, attitudes and programs of study with a view towards 
producing an equitable educational system for women and 
minorities, and all our citizens. How much longer must 
women and minorities call for change? Must we wait for 
calls to defund our MSS departments? On the other hand, 
will MSS departments take the lead in addressing reform? 

—William Yslas Vélez
Emeritus Professor of Mathematics

University of Arizona

Remembering Sam Rankin 
I just heard yesterday that a good mathematician and 
friend, Sam Rankin, passed away. I met Sam right after 
I came to Congress in 2006 and was in touch with him 
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Members of Congress and other notables from NSF and 
the science policy community.  

Sam was an enthusiastic golfer and often said that 
“mathematics can be used to solve any problem.” He was 
a thoughtful advocate who sought input and used it to 
achieve the best outcomes. He also provided great input to 
NSF itself over the years. He was a quiet leader who brought 
people together.

Sam retired from AMS at the end of 2016, leaving his 
mark not only through his work with AMS and CNSF, but 
also by offering advice and opportunities to the next gen-
eration of science policy leaders. He was a friend, mentor, 
and trusted colleague, and he will be greatly missed. 

—Erin Heath 
American Association for the Advancement of Science

Mike Waring 
University of Michigan
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Join us as we honor our AMS members 
via “AMS Day,” a day of specials on AMS 
publications, membership, and much 
more! Stay tuned on social media and 
membership communications for 
details about this exciting day.

Spread the word about #AMSDay today!



Parabolic Implosion

Han Peters and Liz Vivas
1. Introduction
In discrete dynamical systems one considers orbits of self-
maps 𝑓 ∶ 𝑋 → 𝑋 . More generally one can consider a fam-
ily of selfmaps 𝑓𝜆 ∶ 𝑋 → 𝑋 , depending on one or more
parameters 𝜆 ∈ Λ. A central topic in dynamical systems is
the dependence of dynamical behavior on the parameter:
do small changes in 𝜆 lead to wildly different dynamical
behavior? Or does the opposite hold: are all nearby maps
in some sense qualitatively similar?

The strongest form of qualitative similarity that one can
hope for is for nearby maps to be conjugate. The selfmap
𝑓𝜆0 is structurally stable if for all nearby 𝜆 ∼ 𝜆0 the map 𝑓𝜆 is

Han Peters is a professor at the University of Amsterdam. His email address is
h.peters@uva.nl.
Liz Vivas is an associate professor at the Ohio State University. Her email
address is vivas@math.osu.edu.

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/noti2132

conjugate to 𝑓𝜆0 ; i.e., 𝑓𝜆 = 𝜑 ∘ 𝑓𝜆0 ∘ 𝜑−1 for some invertible
selfmap 𝜑 ∶ 𝑋 → 𝑋 . When this is the case we may also say
that the parameter value 𝜆0 is structurally stable.

Structural stability is typically known to hold for sys-
tems that are hyperbolic, in the sense of being uniformly
expanding/contracting. If there is interference between ex-
panding and contracting behavior, or if there are invariant
sets on which the dynamical behavior is neutral, i.e., nei-
ther uniformly expanding nor contracting, then structural
stability may fail.

In one-dimensional complex dynamics structural stabil-
ity has been extensively investigated. An analytic family of
holomorphic maps 𝑓𝜆 is structurally stable near a parame-
ter 𝜆0 if and only if the Julia set of 𝑓𝜆 varies continuously
at 𝜆0, a result due to Mañé, Sad, and Sullivan [15]. Of
particular importance is the behavior near a parameter 𝜆0
for which 𝑓𝜆0 has a parabolic cycle: a neutral periodic cycle
whose multiplier is a root of unity. These parameter values
are far from structurally stable. Paradoxically, the limit dy-
namical behavior of sequences 𝑓𝜆 for which 𝜆 → 𝜆0 is quite
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well understood, and lies on the basis of many of the most
prominent results in the field.

In this note we will describe the phenomenon known
as “parabolic implosion” and sketch a proof of its occur-
rence. We will describe the role of parabolic implosion in
the proofs of several classical results in the field. We finish
by discussing the status of parabolic implosion in complex
dynamical systems in higher dimensions, and its relevance
for recent breakthroughs in the area.

2. Varying Julia Sets
For simplicity wewill nowonly consider rational functions
𝑓 ∶ ℂ̂ → ℂ̂, where ℂ̂ stands for the Riemann sphere. The
Fatou set of 𝑓, which we denote by ℱ(𝑓), consists of all
𝑧 ∈ ℂ̂ for which the family {𝑓∘𝑛} is a normal family on an
open neighborhood of 𝑧, where we use 𝑓∘𝑛 to denote the
𝑛th iterate of 𝑓. Recall that a family of maps is said to
be normal if it is equicontinuous or, equivalently, by the
Arzelà–Ascoli theorem, if it is precompact; i.e., every se-
quence has a uniformly convergent subsequence. The Julia
set 𝐽(𝑓) is the complement of the Fatou set.

Many interesting dynamical phenomena (though cer-
tainly not all) already occur for the seemingly simple fam-
ily of quadratic polynomials. After conjugation with an
affine map, a quadratic polynomial can be reduced to the
form 𝑝𝑐(𝑧) = 𝑧2 + 𝑐. We describe three possible behaviors
of quadratic polynomials via the relative simple examples
𝑐 = 0, 𝑐 = −1, and 𝑐 = 1/4.

When 𝑐 = 0 the Julia set of 𝑝0(𝑧) = 𝑧2 is the unit circle.
The Fatou set consists of two connected components: the
basins of the attracting fixed points at 0 and ∞. A fixed
point is a solution of the equation 𝑧 = 𝑝𝑐(𝑧). We say a
fixed point is attracting if |𝑝′𝑐(𝑧)| < 1, and repelling when
|𝑝′𝑐(𝑧)| > 1. When |𝑝′𝑐(𝑧)| = 1 we say that the fixed point 𝑧
is neutral. Since fixed points are solutions of the equation
𝑝𝑐(𝑧) − 𝑧 = 0, the implicit function theorem implies that
fixed points 𝑧 with 𝑝′𝑐(𝑧) ≠ 1 depend locally analytically
on the parameter 𝑐.

For 0 < 𝑟 < 1 observe that the disk 𝐵(0, 𝑟) ∶= {|𝑧−0| < 𝑟}
is mapped strictly inside itself by 𝑝0, and similarly for
𝐵(∞, 𝑟) ∶= {|𝑧| > 1

𝑟
}, the “disk” centered at ∞. This behav-

ior is stable under perturbations: for sufficiently nearby
𝑓 ∼ 𝑝0 (using the supremum on compacts norm for exam-
ple) both 𝐵(0, 𝑟) and 𝐵(∞, 𝑟) are still mapped strictly into
themselves; hence all orbits in each of these disks converge
to an attracting fixed point. It follows that the Julia set 𝐽𝑓
varies continuously (in the Hausdorff metric, discussed be-
low) near 𝑝0. Note that structural stability holds regardless
of whether we consider perturbations 𝑓 in the class of qua-
dratic polynomials or in the class of rational functions.

When 𝑐 = −1 the Fatou set again consists of two attract-
ing basins: the basin of the attracting fixed point at∞, and
the basin of the attracting 2-cycle {0, −1}. The latter consists

Figure 1. 𝑐 = −1.

of countably many connected components (see Figure 1),
but regardless the above argument still holds, and the map
𝑝−1 is structurally stable.

When 𝑐 = 1
4

the Fatou set once more consists of two
connected components: the basin of the attracting fixed
point at ∞, and the basin of the parabolic fixed point 𝑧 =
1/2; see Figure 2. A fixed point 𝑧 = 𝑓(𝑧) is called parabolic
if 𝑓′(𝑧) is a root of unity. By considering a suitable iterate
one can always reduce to the case 𝑓′(𝑧) = 1, a situation
already satisfied for the first iterate of 𝑝1/4.

Observe that we can write

𝑝1/4(𝑧) = 𝑧 + (𝑧 − 1
2)

2
;

hence
1
2
is a double solution of the equation 𝑓(𝑧) − 𝑧 = 0.

This double solution splits up into two separate solutions
for 𝑐 ≠ 1/4, which do not vary analytically at 𝑐 = 1/4. It
turns out that there exist arbitrarily small perturbations 𝑐 ∼
1/4 for which the Julia set of 𝑝𝑐 is not a small perturbation
of 𝐽(𝑝1/4).

Figure 3 illustrates the dynamics of a conveniently cho-
sen perturbation 𝑝𝑐, with 𝑐 ∼ 0.25 (the precise value of 𝑐 is
0.250039+0.000000315817𝑖; see Section 5 for details). The
constant 𝑐 lies outside of the Mandelbrot set, which implies
that the Julia set is totally disconnected and the Fatou set
is a single connected component: the basin of infinity (see
section 6 for precise definitions). Observe that the outline
in the figure is almost identical to that of Figure 2, but the
large black component, the “parabolic basin,” has disap-
peared. In fact, the small black spots that are still visible
are faulty artifacts of the fact that the computer uses only
a finite number of iterates. The computer determines for
each chosen initial value whether the first 10, 000 points of
its orbit stay in a disk of given radius. If it does, the ini-
tial value is drawn in black; if not, the color of the initial
value depends on the number of iterates needed to leave
the disk.

Near each of the black spots one can clearly see yellow
spirals in what used to be the parabolic basin. The yellow
is contained in the Fatou set, but indicates the presence of
nearby points in the Julia set, referred to as embellishments.
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Figure 2. 𝑐 = 1
4
.

A consequence of the Lavaurs Theorem, discussed below,
is that the embellishments do not vanish for a certain se-
quence of 𝑐’s approaching 1/4, which implies that the Julia
set does not vary continuously near 1/4 and the map 𝑝1/4
is not structurally stable.

It was proved by Mañé, Sad, and Sullivan [15] that the
Julia set of 𝑝𝑐 varies continuously near 𝑐0 ∈ ℂ if and only
if 𝑝𝑐0 contains no neutral periodic points, i.e., periodic
points 𝑧 = 𝑝𝑘𝑐0(𝑧) for which |(𝑝𝑘𝑐0)′(𝑧)| = 1. For more
general families of rational functions, one should consider
“nonpersistent” neutral periodic points.

Instead of giving a precise definition of a persistent neu-
tral cycle, we give a trivial example demonstrating that a
neutral cycle does not need to be an obstruction to struc-
tural stability. Note that each map in the family 𝑔𝑑(𝑧) =
𝑧 + (𝑧 − 𝑑)2 has a parabolic fixed point at the point 𝑑,
which of course does depend analytically on the param-
eter. The maps 𝑔𝑑 are all conjugate to 𝑔0 via the transla-
tions 𝑧 ↦ 𝑧 + 𝑑, and the Julia set therefore varies con-
tinuously. Persistent neutral cycles cannot occur for the
quadratic family {𝑝𝑐}.

3. Semicontinuity
Let us recall the topology on the set of compact subsets of
a metric space (𝑋, 𝑑). Given two compact subsets 𝐴, 𝐵 ∈ 𝑋
we define

𝑑(𝐴, 𝐵) ∶= sup
𝑎∈𝐴

inf
𝑏∈𝐵

𝑑(𝑎, 𝑏).

Figure 3. 𝑐 ∼ 0.25.

We note that 𝑑(⋅, ⋅) is not symmetric, and therefore not a
metric. To fix this we define

𝑑𝐻(𝐴, 𝐵) ∶= max{𝑑(𝐴, 𝐵), 𝑑(𝐵, 𝐴)},
which is symmetric and known as the Hausdorff metric.
When we talk about the possible (dis)continuity of the Ju-
lia set, it is with respect to the topology induced by 𝑑𝐻 .
Denote by Comp(𝑋) the set of compact subsets of 𝑋 . A
map 𝑓 ∶ Λ → Comp(𝑋) is upper semicontinuous at 𝜆0 if
𝑑(𝑓(𝜆), 𝑓(𝜆0)) → 0 when 𝜆 → 𝜆0, and it is lower semicontin-
uous if 𝑑(𝑓(𝜆0), 𝑓(𝜆)) → 0 when 𝜆 → 𝜆0.

As illustrated in Figures 2 and 3, the Julia set does not
necessarily depend continuously on the parameter. How-
ever, the Julia set always depends lower semicontinuously.
To see this, we recall that repelling periodic points are
dense in the Julia set, a fact proved independently (and
with different proofs) by Julia and Fatou. Given a ratio-
nal function 𝑓0, we can therefore find a large but finite
set of repelling periodic points that are arbitrarily close to
each point in 𝐽(𝑓0). Each of these finitely many periodic
points varies continuously by the implicit function theo-
rem, hence for 𝑓𝜆 sufficiently close to 𝑓0 there are still re-
pelling periodic points close to any point in 𝐽(𝑓0). Since
these perturbed repelling periodic points must lie in 𝐽(𝑓𝜆),
it follows that 𝑑(𝐽(𝑓0), 𝐽(𝑓𝜆)) is arbitrarily small.

We note that this argument does not imply that
𝑑(𝐽(𝑓𝜆), 𝐽(𝑓0)) is small, which is not necessarily the case.
In fact, consider again the polynomial 𝑝1/4(𝑧) = 𝑧2 + 1/4,
and let 𝑤0 be any point in the interior of the black set
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depicted in Figure 2. This black set, informally called the
“cauliflower,” is the filled Julia set 𝐾(𝑝1/4), and its bound-
ary is the Julia set 𝐽(𝑝1/4). It turns out that there are arbi-
trarily small perturbations 𝑐 of 1/4 for which 𝑤0 ∈ 𝐽(𝑝𝑐).
The set of all accumulation points of sets 𝐽(𝑝𝑐), as 𝑐 → 1/4,
is therefore equal to the black set 𝐾(𝑝1/4), the cauliflower
region enclosed by 𝐽(𝑝1/4). Informally we say that the Ju-
lia set of the parabolic function 𝑝1/4 implodes under small
perturbations, a phenomenon referred to as parabolic im-
plosion. Note that it is not the Julia set that implodes; the
Julia set becomes larger. It is the connected component of
the Fatou set (the cauliflower) that implodes.

In order to obtain a better understanding of the implo-
sion phenomenon we will introduce two additional con-
cepts: Fatou coordinates and the Lavaurs Theorem.

4. Fatou Coordinates
Key ingredients in our understanding of the dynamics near
a parabolic fixed point, and thus necessary for understand-
ing parabolic implosion, are the so-called Fatou coordi-
nates, sometimes referred to as Leau–Fatou coordinates.

While the description holds for maps that are only lo-
cally defined, for simplicity we will consider a polynomial
𝑓 of degree at least 2 with a parabolic fixed point. Without
loss of generality we may assume that this fixed point is
the origin; hence we can write the Taylor series expansion

𝑓(𝑧) = 𝑧 + 𝑎2𝑧2 + 𝑎3𝑧3 +⋯ .
Since we assumed that the degree of 𝑓 is at least 2, there
exists a minimal 𝑘 ≥ 1 for which 𝑎𝑘+1 ≠ 0. The number 𝑘
is referred to as the order of the parabolic fixed point. Let us
first consider the case 𝑘 = 1. By conjugating with a linear
map we may then assume that 𝑓 is of the form

𝑓(𝑧) = 𝑧 + 𝑧2 + 𝑎3𝑧3 +⋯ .
Observe that for 𝑟 > 0 small enough the open disk 𝐵(−𝑟, 𝑟),
whose boundary contains the origin, is mapped into it-
self by 𝑓. All the orbits in this disk converge to the ori-
gin, tangentially to the negative real axis. The disk 𝐵(−𝑟, 𝑟)
is called a parabolic petal. For a set 𝑈 ⊂ ℂ, we write
𝑓−𝑛(𝑈) = {𝑧 ∈ ℂ; 𝑓𝑛(𝑧) ∈ 𝑈}. The set of all points whose
orbits land in the petal,

⋃
𝑛∈ℕ

𝑓−𝑛 (𝐵(−𝑟, 𝑟)) ,

is called the parabolic basin, denoted by ℬ𝑓. Note that the
petal is not unique, but the basin is; it does not depend on
𝑟.

Conjugating 𝑓 on the petal with the change of coordi-
nates 𝑢 = − 1

𝑧
, we obtain a map of the form

𝑢 ↦ 𝑢 + 1 + 𝑟(𝑢),
defined on the half-plane Re(𝑢) > 1

2𝑟
, where |𝑟(𝑢)| → 0 as

𝑢 → ∞. Leau and Fatou proved that we can further change

coordinates to obtain the map

𝑢 ↦ 𝑢 + 1.
By pulling back the change of coordinates by the dynamics,
we can extend the change of coordinates holomorphically
to the entire parabolic basin, obtaining a map 𝜑𝑓 ∶ ℬ𝑓 →
ℂ satisfying the Abel functional equation:

(𝜑𝑓 ∘ 𝑓)(𝑧) = 𝜑𝑓(𝑧) + 1.
We refer to 𝜑𝑓 as the incoming Fatou coordinate. By consider-
ing the inverse map, which is only locally defined, we can
define 𝜑𝑓−1 , a transformation that maps an outgoing petal
𝐵(𝑟, 𝑟) to roughly a left half-plane, and conjugates 𝑓−1 to a
translation by−1. The transformation𝜑𝑓−1 cannot be glob-
ally extended, since 𝑓−1 is not globally defined. However,
the inverse of 𝜑𝑓−1 , which we will denote by 𝜓𝑓 ∶ ℂ → ℂ,
can be extended by use, of the forward dynamics of 𝑓 to
a globally defined map, the outgoing Fatou coordinate. The
map 𝜓𝑓 satisfies the following Abel equation:

𝜓𝑓(𝑍 + 1) = 𝑓 ∘ 𝜓𝑓(𝑍).
(Here we use the variable 𝑍 to indicate we are working now
with the inverse map of 𝜑.)

For a polynomial with a parabolic fixed point, both 𝜑𝑓
and 𝜓𝑓 are surjective.

For parabolic points of higher order 𝑘 ≥ 2 we can simi-
larly define 𝑘 parabolic petals, each with its corresponding
parabolic basin and incoming Fatou component. By con-
sidering the inverse map one can also define 𝑘 outgoing
Fatou coordinates. Consider Figure 4 for an illustration of
the distinct parabolic basins for a parabolic fixed point of
order 3.

For fixed points of a polynomial 𝑝with derivative a root
of unity we can instead consider a suitable iterate of 𝑝 in
order to reduce to the case of derivative 1. The same trick
can be used for parabolic periodic cycles.

We conclude this section by introducing the Lavaurs
maps, which will play a vital role in the next section. We
restrict our attention again to a polynomial 𝑓 with a par-
abolic fixed point of order 𝑘 = 1, and denote the cor-
responding incoming and outgoing Fatou coordinates by
𝜑𝑓 and 𝜓𝑓. Let 𝛼 ∈ ℂ and denote by 𝜏𝛼 the translation
𝑧 ↦ 𝑧 + 𝛼. The Lavaurs map of phase 𝛼 is defined by

ℒ𝛼,𝑓 ∶= 𝜓𝑓 ∘ 𝜏𝛼 ∘ 𝜑𝑓.
We remark that ℒ𝛼,𝑓 maps the parabolic basin ℬ𝑓 surjec-
tively to the entire complex planeℂ. The discussion in this
section holds just as well for rational functions, except that
in that case the image ℒ𝛼,𝑓(ℬ𝑓) avoids at most a single
point in the Riemann sphere ℂ̂ = ℂ ∪ {∞}.

5. Lavaurs Theorem
Let 𝑓 be a rational function with a parabolic fixed point
at the origin, given locally by a power series expansion
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Figure 4. Parabolic fixed point of order 3.

𝑓(𝑧) = 𝑧 + 𝑧2 + 𝑂(𝑧3). We are interested in an analytic
one-parameter family of rational functions containing 𝑓,
for which the parabolic fixed point is nonpersistent. We
consider the specific one-parameter family given by

𝑓𝜖(𝑧) = 𝑓(𝑧) + 𝜖2

for 𝜖 ∈ ℂ.

Theorem 1 (Lavaurs). Let 𝛼 ∈ ℂ, and consider two sequences
𝑁𝑗 ∈ ℕ and 𝜖𝑗 ∈ ℂ satisfying

𝑁𝑗 −
𝜋
𝜖𝑗
→ 𝛼

as 𝑗 → ∞. Then

(𝑓𝜖𝑗 )
∘𝑁𝑗 → ℒ𝛼,𝑓,

where the convergence is locally uniformly on ℬ𝑓.

For a complete proof of the theorem above, the reader
can consult the paper by Shishikura [17].

We can now explain the choice of the map 𝑓 used to
generate Figure 3. Given any 𝛼 ∈ ℂ we can for any 𝑁 ∈ ℕ
choose 𝜖 such that the equation

𝑁 − 𝜋
𝜖 = 𝛼

is satisfied, i.e., 𝜖 = 𝜋/(𝑁 −𝛼). The Julia set of 𝑓𝜖 equals the
Julia set of 𝑓∘𝑁𝜖 . Hence for large𝑁 we iterate in effect a very
small perturbation of ℒ𝛼 on ℬ𝑓, with the understanding
that any orbit landing well outside of ℬ𝑓 will converge to
infinity under iteration of 𝑓𝜖. For generating Figure 3 we
used 𝑓 = 𝑝1/4, 𝛼 = 2𝑖, and 𝑁 = 500, which gives

𝑓𝜖(𝑧) = 𝑧2 + 0.250039 + 0.000000315817𝑖.

Figure 5. 𝑐 ∼ 0.25, 𝑁 = 100.

The picture is generated by iterating 𝑓𝜖 10,000 times. Note
that this corresponds to iterating ℒ𝛼,𝑓 only 20 times, a
rather small number, which explains the occurrence of the
faulty black spots. If for the sake of comparison we use the
same function 𝑓 and phase 𝛼, but use 𝑁 = 100, then we
get

𝑓𝜖(𝑧) = 𝑧2 + 0.250986 + 0.0000394469𝑖.
Generating the computer picture for the same 10,000 iter-
ates, which now corresponds to the considerably larger 100
iterates of ℒ𝛼,𝑓, gives Figure 5. We note that the illustra-
tion is almost identical to Figure 3, except that the black
spots are no longer visible. Even though 𝑁 = 100 gives a
less accurate approximation of ℒ𝛼, the computer picture
generated by iterating 10,000 times provides a better illus-
tration for the dynamical behavior of ℒ𝛼.

Let us end this discussion by indicating why the Lavaurs
Theorem implies parabolic implosion. Choose 𝑧 ∈ ℬ𝑓.
We wish to show that there exist arbitrarily small perturba-
tions 𝑓𝜖 of 𝑓 for which there are points in the Julia set 𝐽(𝑓𝜖)
arbitrarily close to 𝑧.

Write 𝜁0 = 𝜑𝑓(𝑧), and let 𝜁1 ∈ ℂ be such that 𝜓𝑓(𝜁1) =
𝑤 ∈ 𝜕ℬ𝑓. We let 𝛼 = 𝜁1 − 𝜁0, and for 𝑁 ∈ ℕ we define
𝜖𝑁 = 𝜋/(𝑁−𝛼). We recall that with these choices of 𝜖𝑁 the
maps 𝑓∘𝑁𝜖𝑁 converge to ℒ𝛼,𝑓 uniformly on compact subsets
of ℬ𝑓. Further observe that

ℒ𝛼,𝑓(𝑧) = 𝜓𝑓 ∘ 𝜏𝛼 ∘ 𝜑𝑓(𝑧) = 𝑤 ∈ 𝜕ℬ𝑓 ⊂ 𝐽𝑓.
Now let 𝑈 be an arbitrarily small open neighborhood of 𝑧.
It follows that ℒ𝛼,𝑓(𝑈) gives a neighborhood of 𝑤; hence
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by uniform convergence 𝑓𝑁𝜖𝑁 (𝑈) still contains a fixed neigh-
borhood 𝑉 of 𝑤 for 𝑁 sufficiently large. Now recall that
the dependence of the Julia set on the parameter 𝜖 is lower
semicontinuous. Hence for 𝜖𝑁 small (which corresponds
to𝑁 large), the Julia set 𝐽(𝑓𝜖𝑁 )must intersect 𝑉 . Invariance
of the Julia set implies that 𝐽(𝑓𝜖𝑁 ) must intersect 𝑈 for 𝑁
sufficiently large.

Since the above holds for any 𝑧 ∈ ℬ𝑓 we have indicated
a proof, using the Lavaurs Theorem and properties of the
Fatou coordinates as givens, of the following general result:

Theorem 2 (Parabolic implosion). Let 𝑓 = 𝑓0 be a rational
function with a parabolic fixed point at the origin, written locally
as 𝑓(𝑧) = 𝑧 + 𝑧2 + 𝑂(𝑧3). Denote the parabolic basin by ℬ𝑓
and by ℬ𝑓 its closure. Let {𝑓𝜆} be an analytically varying one-
parameter family of rational functions for which the parabolic
fixed point is not persistent. Then

ℬ𝑓 ⊂⋂
𝛿>0

⋃
|𝜆|<𝛿

𝐽(𝑓𝜆).

Thus in general the Julia set varies lower semicontinuously but
not continuously at 𝑓0.

Note that for the quadratic polynomial 𝑓 = 𝑝1/4 we ac-
tually obtain an equality here, due to the fact that the com-
plement of ℬ𝑝1/4 equals the basin of infinity. In general
this will not be the case.

6. Extensions and Applications
of the Lavaurs Theorem

In this section we turn our focus to the family of qua-
dratic polynomials. By conjugating with affine transforma-
tions the family of quadratic maps can be parametrized by
𝑝𝑐(𝑧) = 𝑧2 + 𝑐 with complex parameter 𝑐. A crucial role
in the dynamics of rational functions is played by the or-
bits of critical points, i.e., points where the derivative van-
ishes. These are exactly the points where the function is
not locally invertible. For the polynomial 𝑝𝑐 the orbit of
the unique critical point 𝑧 = 0 is therefore of singular im-
portance. If this critical orbit is bounded, the Julia set is
connected, while if the critical orbit is unbounded, the Ju-
lia set is completely disconnected and therefore a Cantor
set. This dichotomy motivates the definition of the set

ℳ ∶= {𝑐 ∶ {𝑝𝑛𝑐 (0)}𝑛∈ℕ bounded},
known as the Mandelbrot set. Note that the characteriza-
tion in terms of the critical orbit is useful for computer
illustrations, such as Figure 6.

Let us make a few more comments regarding the Man-
delbrot set, without being too precise. First, whereas the
Mandelbrot set is defined in terms of quadratic polynomi-
als, it turns out to be a universal object; that is, it arises
whenever one studies parameter spaces of rational maps.
It is thus a central object in complex dynamical systems,

Figure 6. Mandelbrot set.

and has been studied in great detail. One of the first re-
sults regarding the Mandelbrot set is that it is connected
(see Douady andHubbard [9]). Still open, and considered
one of the main open problems in the field, is whether the
Mandelbrot set is locally connected.

The boundary of the Mandelbrot set is exactly equal to
the set where the dynamics of 𝑝𝑐 is not structurally stable.
It is referred to as the bifurcation locus. It turns out that
there is a strong relationship between the boundary of the
Mandelbrot set near a parameter 𝑐, and the Julia set of the
parameter 𝐽𝑝𝑐 , an observation that will be important for
the discussion below. Compare for example the bound-
ary near 𝑐 = 0.25 illustrated in Figure 7 to the Julia set
depicted in Figure 2. This relationship is one of the many
intricate reasons why understanding the dynamics of qua-
dratic polynomials is so closely related to understanding
the boundary of the Mandelbrot set, and vice versa.

A beautiful result obtained by Shishikura [18] (see also
McMullen for another proof [16]) gives the existence of
parameters 𝑐 for which the Julia set 𝐽𝑝𝑐 has Hausdorff di-
mension equal to 2. Note that 2 is the largest possible
dimension for any subset of ℂ, trivially assumed by sets
with interior. The fact that such naturally occurring sets 𝐽𝑝𝑐
without interior can have dimension 2 may come as a sur-
prise. Moreover, a consequence of the relationship hinted
at above is that the boundary of the Mandelbrot also has
Hausdorff dimension 2.

More recently Buff and Cheritat [7] proved that Julia
sets of quadratic polynomials can have positive Lebesgue
measure, which is considerably stronger than having
Hausdorff dimension 2. The relationship between the
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Figure 7. Zooming in on 𝑐 = 0.25.

Mandelbrot set and Julia sets is however not strong enough
to deduce the same result for the boundary of the Mandel-
brot set. See the results of Avila and Lyubich [3] for further
discussion regarding Hausdorff dimensions and measures
occurring for quadratic polynomials.

The strategy of Shishikura’s proof is to construct qua-
dratic polynomials with Hausdorff dimension arbitrarily
close to 2. These polynomials will have a fixed point with
multiplier 𝛼 close to some exp(2𝜋𝑖𝑝/𝑞) with suitable in-
tegers 𝑝 and 𝑞. Shishikura then constructs a hyperbolic
subset (with Hausdorff dimension close to 2) of the Julia
set. The main tool for constructing the hyperbolic set and
estimating its dimension is the theory of parabolic bifurca-
tions. The result follows after taking an appropriate limit.

7. Parabolic Implosion in Higher Dimensions
In recent decades there has been significant interest in the
dynamics of polynomial and rational maps in several com-
plex variables. Compared to the deep existing theory of
one-dimensional systems, our current understanding of it-
eration problems in several variables remains poor. We
wish to point out that this is not entirely our fault: it has
become clear that intricate new phenomena arise in higher
dimensions, phenomena that make a rigorous analysis of
the systems much more complicated.

An example of the difficulties that arise in higher dimen-
sions already occurs when trying to find the right analogue
of the Lavaurs Theorem. For example, the correct inter-
pretation of parabolic cycles, central in our earlier discus-
sion, is not at all clear in higher dimensions. In dimen-
sion 𝑛, the Jacobian derivative at a fixed point will typically
have 𝑛 distinct eigenvectors, with corresponding eigenval-
ues. Any number of those eigenvalues could be roots of
unity. What makes the situation even more complicated is
that resonance phenomena are guaranteed to occur when
one eigenvalue is a root of unity, and they can also occur
even when no eigenvalue is a root of unity.

For the simplest generalization of a parabolic fixed
point, exactly one eigenvalue is assumed to be 1, while
all other eigenvalues have norm strictly greater than 1 (or
equivalently, strictly smaller than 1, since these systems are
locally invertible). We call such fixed points semiparabolic.
Some of the bifurcation phenomena that can occur for
semiparabolic fixed points have recently been described
by Bedford, Smillie, and Ueda [5], who proved a two-
dimensional generalization of the Lavaurs Theorem. The
analogues of parabolic petals and Fatou–Leau coordinates
for semiparabolic of order-1 fixed points were constructed
earlier by Ueda [20].

A general goal in dynamical systems, closely related to
the stability problem discussed earlier, is to describe the
dynamical behavior of “typical” systems. An early attempt
was formulated in Smale’s Program. Smale suggested that
hyperbolic systems, which should be seen as the simplest
possible systems, are open and dense. Although Smale’s
Program did not survive long in the real setting (it was
proven to be false in the early 1970s, amongst others by
Smale), the density of hyperbolicity remains open for fam-
ilies of one-dimensional polynomials, and is generally
thought to hold true for the quadratic polynomials.

In higher dimensions density of hyperbolicity is known
to be false; a first construction is due to Buzzard [8]. Buz-
zard proved that there exist open sets in the complex pa-
rameter space of polynomial automorphisms, all of which
have homoclinic tangencies, i.e., tangencies between stable
and unstable manifolds of a saddle fixed point. Such tan-
gencies prevent hyperbolicity; hence persistent tangencies
show that hyperbolicity is not dense.

Motivated by these results one might wonder if there is
a larger set of dense automorphisms that can still be un-
derstood relatively well. Palis suggested that the parame-
ters with homoclinic tangencies might be dense inside the
maps that are persistently nonhyperbolic. Although the
Palis Program also turned out to be false in greater gen-
erality, it remains unsettled for the family of polynomial
automorphisms of ℂ2.

In [10] Dujardin and Lyubich proved a density property
for parameters with nonpersistent homoclinic tangencies
in the bifurcation locus for families of polynomial auto-
morphisms ofℂ2 with nontrivial dynamics. Their result re-
lies in an essential way on implosion techniques for semi-
parabolic fixed points of arbitrary order of contact.

At the other extreme, one can consider as generaliza-
tions of parabolic fixed points the case where all general-
ized eigenvalues are equal to 1. The most studied case is
that ofmaps tangent to the identity. The existence of petals
and Fatou–Leau coordinates for such maps has been stud-
ied in classical papers [1,11], a description that has recently
been completed in [13]. The (dis)continuity of the dynam-
ics near a tangent to the identity parameter has recently
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been considered by Bianchi [6], who proved a version of
the Lavaurs Theorem. Using this generalization, Bianchi
proves the discontinuity of the filled Julia set for perturba-
tions of so-called regular polynomials.

Yet another example of a phenomenon that occurs only
in higher dimensions is that of wandering Fatou components.
A Fatou component is a connected component of the Fa-
tou set. A Fatou component is mapped exactly onto a Fa-
tou component, and the layout of these components to-
gether with the action of the map paints an insightful com-
binatorial picture of the dynamics. For rational functions
in one complex variable, Sullivan [19] showed that each Fa-
tou component is preperiodic. The possible periodic Fatou
components have been precisely described in the works of
Fatou, Siegel, andHerman: The action of themap on an in-
variant component either attracts all orbits to a given fixed
point (attracting if it lies in the interior, parabolic if it lies
on the boundary) or induces a circle action.

In higher dimensions there has been significant
progress in describing invariant Fatou components [4,14],
but it was recently shown that there can exist wandering do-
mains [2]. Astorg, Buff, Dujardin, Peters, and Raissy have
used parabolic implosion to prove the existence of a wan-
dering Fatou component in two dimensions [2]. Based
on an idea of Lyubich, they use parabolic implosion tech-
niques on families of polynomial skew products to con-
struct wandering domains. More precisely, the idea is to
combine slow convergence to an invariant parabolic fiber
and parabolic transition in the fiber direction, to produce
orbits shadowing those of a Lavaurs map.

The new phenomena arising in higher dimensions cre-
ate important challenges for the years to come. Obtaining
a more thorough understanding of the behavior near par-
abolic parameters will form an important step in tackling
these challenges.
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by the Leibniz rule for the derivative of the product of two
functions. Namely, say in dimension one,

(𝑓 ⋅ 𝑔)′ = 𝑓′ ⋅ 𝑔 + 𝑓 ⋅ 𝑔′.

Later on in our mathematics and physics education we
also learn of the ubiquitous roles of both differentiation
and what is perhaps the simplest of all nonlinearities, the
powers of functions. To understand the combined effect
of smoothness and nonlinearities involving square or cu-
bic terms in the statements and solutions of differential
equations that model many physical situations, we often
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find ourselves on the harmonic analysis side with the need
to study the regularity properties of the product of func-
tions. In many contexts, it is sometimes necessary to look
at the regularity of functions in terms of Hölder continuity
or other related properties which are a fractional or inter-
mediate measure of smoothness between standard integer
numbers of derivatives. The product of functions is also
the simplest example of a bilinear operator, that is, an oper-
ator 𝑇(𝑓, 𝑔) which is linear in each of its entries. Another
such example is of course

𝑇(𝑓, 𝑔) = 𝑓′ ⋅ 𝑔 + 𝑓 ⋅ 𝑔′.

Borrowing from linear algebra (think of matrices to repre-
sent linear operators) it is very convenient to try to diag-
onalize bilinear operators. Since we will be doing analy-
sis, we will need to quantify continuity, smoothness, and
other properties of products and derivatives, and this is
best done in terms of norm estimates in function spaces.
The discretization of such spaces using appropriate expan-
sions permits one to diagonalize and estimate the opera-
tors in question.

We will attempt to better detail all of the above in the
subsequent narrative. In fact, the purpose of this expos-
itory article is to illustrate how well-established tools to-
gether with more recent developments in Fourier analysis
led to the proof of fractional-power versions of the classi-
cal Leibniz rule for derivatives of the product of functions.

The ideas used circle around the natural but powerful
concept that, in many situations, waves with different fre-
quencies (and a lot of cancellation) are almost-orthogonal;
that is, they do not interact much. This can be clearly ob-
served, for example, in the scattering of light in the atmo-
sphere. Due to the presence of small particles, waves with
shorter wavelengths scatter much more than the ones with
larger wavelengths, hence the blue color of the sky we ob-
serve. A cartoonish physical representation, as in Figure 1,
is usually employed to explain this. A big basketball (rep-
resenting large red wavelengths) will roll unaffected by a
tiny crack on the floor (representing a variation in index of
refraction) because of the difference in size. A small blue
ball (representing shorter wavelengths), on the other hand,
will be scattered by the crack because of comparable sizes.
In this sense, the basketball and the tiny crack are said to be
almost-orthogonal to each other, as are the large red wave-
lengths and the small particles in the atmosphere. We will
come back to this analogy in a mathematical context later
in the presentation.

We will describe how Fourier analysis techniques allow
us to study bilinear operators and obtain appropriate size
estimates on their fractional derivatives. We will use a
rather informal nontechnical but hopefully intuitive lan-
guage at first, to later make more mathematically precise
statements. We will borrow some parts of our narrative

Figure 1. Waves with different frequencies do not interact too
much.

Figure 2. The FT behaves like a prism decomposing a signal
into waves of different frequencies.

from what has become part of the folklore of the subject
and can also be found in many of the articles cited, but
we will also strive to present these perspectives in a sim-
ple way accessible to nonexperts. It is hard to do justice to
all the contributions by many colleagues in the subject in
this short note. We encourage the interested reader to visit
the extensive and far more comprehensive bibliographies
found in the small sample of articles we shall cite. Our
goal is to start from very simple principles and arrive at re-
cent results for fractional Leibniz rules in mixed Lebesgue
spaces.

Fourier analysis permits the decomposition of a func-
tion into a combination of oscillating waves of different
frequencies and amplitudes, very much in the same way
that a prism separates a beam of light into a rainbow of
colors of different wavelengths; see Figure 2. Mathemati-
cally, this was first codified in the classical Fourier series

𝑔(𝑥) = 𝑎0 +
∞
∑
𝑛=1

(𝑎𝑛 cos(𝑛𝑥) + 𝑏𝑛 sin(𝑛𝑥))

=
∞
∑

𝑛=−∞
𝑐𝑛𝑒𝑖𝑛𝑥.

We will work, however, with functions defined in ℝ𝑛, so
we will use instead the Fourier Transform (FT),

𝐹(𝑓)(𝜉) = 𝑓(𝜉) = ∫
ℝ𝑛
𝑓(𝑥)𝑒−𝑖𝑥⋅𝜉 𝑑𝑥,
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with inverse given by

𝑓(𝑥) = (2𝜋)−𝑛∫
ℝ𝑛
𝑓(𝜉)𝑒𝑖𝑥⋅𝜉 𝑑𝜉.

Fourier series are useful in solving heat and wave equa-
tions via separation of variables in the periodic case be-

cause the sines and cosines are eigenfunctions of 𝐿 = − 𝜕2

𝜕𝑥2
.

Likewise, the FT diagonalizes differential operators,

𝜕𝛼𝑓(𝜉) = 𝑖|𝛼|𝜉𝛼𝑓(𝜉).
Here we have employed the usual notation for 𝛼 =
(𝛼1, … , 𝛼𝑛) ∈ ℕ𝑛

0 , |𝛼| = 𝛼1 +⋯ + 𝛼𝑛, 𝜉𝛼 = ∏𝑛
𝑗=1 𝜉

𝛼𝑗
𝑗 , and

𝜕𝛼 = 𝜕𝛼11 ⋯𝜕𝛼𝑛𝑛 . For example, for △=∑𝑛
𝑗=1 𝜕2𝑗 ,

△̂𝑓(𝜉) = −|𝜉|2𝑓(𝜉).
We will be interested in fractional derivatives, so we in-

troduce then the fractional derivative operators 𝐷𝑠𝑓 =
(−Δ)𝑠/2𝑓 and 𝐽𝑠𝑓 = (𝐼 −Δ)𝑠/2𝑓 defined for 𝑠 ∈ ℝ via the FT
by

𝐷𝑠𝑓(𝜉) = |𝜉|𝑠𝑓(𝜉) and 𝐽𝑠𝑓 = (1 + |𝜉|2)𝑠/2𝑓(𝜉).
The FT also diagonalizes translation invariant opera-

tions such as convolutions. That is,

𝑓 ∗ 𝑔(𝑥) = ∫
ℝ𝑛
𝑓(𝑥 − 𝑦)𝑔(𝑦) 𝑑𝑦 ⇒ 𝑓 ∗ 𝑔(𝜉) = 𝑓(𝜉) ̂𝑔(𝜉).

The practical effect of a convolution operation as above is
that of filtering different frequencies in a function or sig-
nal. This is illustrated in Figure 3, where we cover the spec-
trum of a given function with two functions, 𝜙 supported
at low frequencies around 0 and 𝜓 supported at higher fre-
quencies. The convolution with 𝜙 recovers then the gen-
eral shape of the function, while the one with 𝜓 encodes
the higher oscillations in it.

The FT interacts nicely with the group of translations
and dilations in ℝ𝑛 as follows:

if 𝜏ℎ𝑓(𝑥) = 𝑓(𝑥 − ℎ), then 𝜏ℎ𝑓(𝜉) = 𝑒−𝑖ℎ⋅𝜉𝑓(𝜉);

if 𝑓𝜖(𝑥) = 𝜖−𝑛𝑓(𝜖−1𝑥), then 𝑓𝜖(𝜉) = 𝑓(𝜖𝜉).
Many of the estimates we will consider have some transla-
tion and dilation invariance built into them, and so these
properties of the FT are very well suited and simplify a lot
of the analysis.

Discretization of Linear Operators
Suppose that a countable family {𝜑𝜆}𝜆 generates a space
of functions in a similar fashion to the way a complete
orthonormal basis expands elements in a Hilbert space
(though that does not have to be the case here). That is,
every element in the space can be written in the form

𝑓 = ∑
𝜆
⟨𝑓, 𝜑𝜆⟩𝜑𝜆,

Figure 3. Pictorial representation of convolutions as filters.

where ⟨⋅, ⋅⟩ will typically denote the integral of the product
of the functions involved or the action of a distribution
against a test function.

Let 𝑇 be a linear operator acting on such space. We can
write 𝑇(𝑓) in terms of the generating family and then ex-
panding 𝑓, and without considering issues about conver-
gence, we arrive at a familiar formula:

𝑇(𝑓) = ∑
𝜈
⟨𝑇(𝑓), 𝜑𝜈⟩ 𝜑𝜈

= ∑
𝜈
∑
𝜆
⟨𝑇(𝜑𝜆), 𝜑𝜈⟩⟨𝑓, 𝜑𝜆⟩𝜑𝜈.

In this way, we can associate to 𝑇, as we do in finite-
dimensional linear algebra, a matrix

𝐴𝑇 = (⟨𝑇(𝜑𝜆), 𝜑𝜈⟩)𝜆,𝜈 .
If 𝑇 preserves the building blocks 𝜑𝜆 (as if they were eigen-

functions), then 𝑇(𝜑𝜆)will be a function very similar to 𝜑𝜆
and, if we also have some orthogonality between the 𝜑𝜈’s,
then (wishfully thinking) 𝐴𝑇 will be almost diagonal. That
is to say, the off-diagonal entries will satisfy a size estimate

|⟨𝑇(𝜑𝜆), 𝜑𝜈⟩| ∼ 𝑠𝑚𝑎𝑙𝑙𝜆,𝜈
when 𝜆 is far away from 𝜈.1

Similarly, along these lines of thought, if 𝑇 is a bilinear
operator we can write for a pair of functions

𝑇(𝑓, 𝑔) = ∑
𝜈
⟨𝑇(𝑓, 𝑔), 𝜑𝜈⟩ 𝜑𝜈

= ∑
𝜈
∑
𝜆
∑
𝜇
⟨𝑇(𝜑𝜆, 𝜑𝜇), 𝜑𝜈⟩⟨𝑓, 𝜑𝜆⟩⟨𝑔, 𝜑𝜇⟩𝜑𝜈.

1Although we are not assigning a precise meaning to the notation 𝐴 ∼ 𝐵, in the
next sections we will use the notation 𝐴 ≲ 𝐵 to mean 𝐴 ≤ 𝑐𝐵 for some 𝑐 > 0 in-
dependent of 𝐴 and 𝐵. Likewise, we will write 𝐴 ≈ 𝐵 when 𝐴 ≲ 𝐵 and 𝐵 ≲ 𝐴
for appropriate constants.
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Figure 4. LPS function.

We can now associate to 𝑇 a tensor

𝐴𝑇 = (⟨𝑇(𝜑𝜆, 𝜑𝜇), 𝜑𝜈⟩)𝜆,𝜇,𝜈 .

Again, we would like to have some almost-orthogonality
for 𝐴𝑇 of the form

|⟨𝑇(𝜑𝜆, 𝜑𝜇), 𝜑𝜈⟩| ∼ 𝑠𝑚𝑎𝑙𝑙𝜆,𝜇,𝜈
whenever 𝜆, 𝜇, and 𝜈 are far apart from each other. Of
course, all this needs to be precisely defined and quanti-
fied, which we will do later. The idea is to give up on the
notion of eigenfunctions for a particular operator to use
instead approximate eigenfunctions for a whole family of op-
erators. To do so, instead of the pure tones 𝑥 → 𝑒𝑖𝜆⋅𝑥 of
classical Fourier analysis we will use time-frequency local-
ized smooth bumps 𝜑𝜆 to expand the spaces. These bump
functions are elements of the Schwartz spaces 𝒮 of rapidly
decreasing𝐶∞ functions. We can even take themwith their
FT compactly supported away from the origin, and hence
𝜑𝜆 will have a lot of cancellation too. We will look at par-
ticular classes of such generating families of elements that
are called wavelets.

Littlewood–Paley–Stein
and Wavelet Decompositions
With our definition of the FT we have, up to a multiplica-
tive constant, an 𝐿2-isometry, ‖𝑓‖𝐿2 = (2𝜋)−𝑛/2‖𝑓‖𝐿2 . For
1 < 𝑝 < ∞ and 𝑝 ≠ 2, however, we cannot estimate the 𝐿𝑝-
norm of a function directly in terms of the 𝐿𝑝-norm of its
FT. There is nonetheless a practical substitute that allows
us, to some extent, to estimate the 𝐿𝑝-norm of a function
in terms of pieces whose FTs do not interact much with
each other. This is called the Littlewood–Paley–Stein (LPS)
decomposition or discrete square function. Let 𝜙 ∈ 𝒮 be such
that 𝜙 has compact support away from the origin and sat-
isfies

∑
𝜈∈ℤ

𝜙(2−𝜈𝜉)2 = 1, 𝜉 ≠ 0, (1)

as in Figure 4.
Define 𝜙2−𝜈(𝑥) = 2𝜈𝑛𝜙(2𝜈𝑥), so 𝜙2−𝜈(𝜉) = 𝜙(2−𝜈𝜉). We

have that

‖𝑓‖𝐿𝑝 = (∫
ℝ𝑛
|𝑓(𝑥)|𝑝 𝑑𝑥)

1/𝑝

≈
‖
‖‖‖
(∑

𝜈
|𝑓 ∗ 𝜙2−𝜈 |2)

1/2‖
‖‖‖𝐿𝑝

. (2)

Figure 5. Dyadic cube at position 2−𝜈𝑘 and scale 2−𝜈.

Figure 6. Dyadic squares at different scales.

The reason why such an apparently complicated formula
(which is trivially verified in 𝐿2) may also be true in 𝐿𝑝
is given by the orthogonality of (most of) the LPS pieces
𝑓 ∗ 𝜙2−𝜈 . Moreover, the LPS pieces have excellent localiza-
tion in frequency since they are supported where |𝜉| ≈ 2𝜈,
and so each 𝜙2−𝜈 filters out all frequencies but those in such
a specific band. Using this, one can verify that 𝜕𝛼(𝑓 ∗𝜙2−𝜈)
behaves approximately like 2𝜈|𝛼|𝑓 ∗ 𝜙2−𝜈 . This is very use-
ful when studying estimates for derivatives. In fact one
can also characterize the Sobolev spaces 𝐿𝑝𝑠(ℝ𝑛) of functions
with 𝑠 derivative in 𝐿𝑝(ℝ𝑛) in the form2

‖𝑓‖𝐿𝑝𝑠 ≈
‖
‖‖‖
(∑

𝜈
|2𝜈𝑠𝑓 ∗ 𝜙2−𝜈 |2)

1/2‖
‖‖‖𝐿𝑝

+ ‖𝑓‖𝐿𝑝 .

The LPS decomposition can be further discretized. Our
choice of function 𝜙 allows us to write the discrete
Calderón reproducing formula

𝑓 = ∑
𝜈
(𝑓 ∗ 𝜙2−𝜈) ∗ 𝜙2−𝜈 . (3)

Let 𝑘 = (𝑘1, … , 𝑘𝑛) ∈ ℤ𝑛, 𝜈 ∈ ℤ, and consider the usual
collection of all dyadic cubes 𝑄𝜈𝑘 given by position 2−𝜈𝑘
and scale 2−𝜈. More precisely, 𝑄𝜈𝑘 = {𝜉 ∈ ℝ𝑛 ∶ 2−𝜈𝑘𝑗 ≤
𝜉𝑗 < 2−𝜈(𝑘𝑗 + 1), 𝑗 = 1, … , 𝑛}. For each 𝜈, the correspond-
ing family {𝑄𝜈𝑘}𝑘 provides a covering of ℝ𝑛. Varying the
scales, one can check that the cubes that overlap have very
useful hierarchy properties in terms of how they intersect;
see Figures 5 and 6.

2More precisely, 𝑓 ∈ 𝐿𝑝𝑠 if and only if 𝐽𝑠𝑓 ∈ 𝐿𝑝. The Sobolev space norm is
defined then by ‖𝑓‖𝐿𝑝𝑠 = ‖𝐽𝑠𝑓‖𝐿𝑝 .
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A discretization of (3) at different scales leads, formally,
to wavelet-type decomposition of functions. In fact, since
each of the functions 𝑓 ∗ 𝜙2−𝜈 does not have frequencies
larger than 2𝜈, it does not oscillate much in an interval of
length 2−𝜈. It can then be efficiently sampled at that rate.
So, formally discretizing as a Riemann sum the second con-
volution in Calderón’s formula,

(𝑓 ∗ 𝜙2−𝜈) ∗ 𝜙2−𝜈(𝑥)

= ∫
⋃𝑄𝜈𝑘

(𝑓 ∗ 𝜙2−𝜈)(𝑦) 𝜙2−𝜈(𝑥 − 𝑦) 𝑑𝑦

∼ ∑
𝑘
(𝑓 ∗ 𝜙2−𝜈)(2−𝜈𝑘) 𝜙2−𝜈(𝑥 − 2−𝜈𝑘) 2−𝜈𝑛,

yields the representation

𝑓 ∼ ∑
𝜈,𝑘
⟨𝑓, 𝜙𝜈𝑘⟩ 𝜙𝜈𝑘,

where now 𝜙𝜈𝑘(𝑥) = 2𝜈𝑛/2𝜙(2𝜈𝑥 − 𝑘).
Of course, there is a lot more work to do to justify the

above empirical approach. Y. Meyer [23] (constructing
orthonormal wavelet expansions) and M. Frazier jointly
with B. Jawerth [13] (following a sampling based on the
nonorthogonal 𝜙-transform approach) obtained in the
1980s rigorous characterizations of 𝐿𝑝 spaces of the form

𝑓 = ∑
𝜈∈ℤ𝑘∈ℤ𝑛

⟨𝑓, 𝜙𝜈𝑘⟩𝜙𝜈𝑘

with

‖𝑓‖𝐿𝑝 ≈
‖
‖‖(∑

𝜈
(∑

𝑘
|⟨𝑓, 𝜙𝜈𝑘⟩|2𝜈𝑛/2𝜒𝑄𝜈𝑘)

2)1/2‖‖‖𝐿𝑝
(here 𝜒𝑄𝜈𝑘 is the indicator function of 𝑄𝜈𝑘). We will
call both representations in the characterizations by Meyer
and Frazier–Jawerth wavelet representations.3 Remark-
ably, other spaces of functions (Sobolev, Hardy, Besov,
Triebel–Lizorkin, and essentially any space which admits
a discrete LPS decomposition) can be characterized in a
similar way using only size estimates of the wavelet coeffi-
cients ⟨𝑓, 𝜙𝜈𝑘⟩!

Without stating a technical definition, we will say that a
function is essentially supported or concentrated on a cube if it
decays fast to zero outside the cube. Note that if the func-
tion 𝜙 is essentially supported at the origin on a cube of
side length 1, then by dilation and translation 𝜙𝜈𝑘 is essen-
tially supported on the cube 𝑄𝜈𝑘. Hence, as is nowadays
well understood, the wavelet coefficient ⟨𝑓, 𝜙𝜈𝑘⟩ provides a
snapshot of 𝑓 at scale or resolution 2−𝜈 (frequency ≈ 2𝜈)
and position ≈ 2−𝜈𝑘 . This multiresolution analysis helps
explain the success of wavelets in the characterization of
function spaces, as well as in many of their science, engi-
neering, and everyday-life applications we now enjoy.

3There is a lot more to be said about wavelets and Calderón reproducing for-
mula which we cannot include here; see [5].

Calderón–Zygmund Operators
One of the original motivations for the seminal work of
A. P. Calderón and A. Zygmund on singular integrals in
higher dimensions arises from potential theory and the
Poisson equation△𝑢 = 𝑓. Inℝ𝑛, with 𝑛 ≥ 3, the solution
of such an equation is given for an appropriate constant 𝑐𝑛
by

𝑢(𝑥) = 𝑐𝑛∫
ℝ𝑛

𝑓(𝑦)
|𝑥 − 𝑦|𝑛−2 𝑑𝑦.

If we take two derivatives of 𝑢 (and differentiate inside the
integral) we need to study integral operators of the type

𝑇(𝑓) = ∫
ℝ𝑛
𝐾(𝑥, 𝑦)𝑓(𝑦) 𝑑𝑦

where
𝐾(𝑥, 𝑦) ≈ |𝑥 − 𝑦|−𝑛.

Because of the singularity of the kernels, such operators
are not given by absolutely convergent Lebesgue integrals.
They have to be interpreted in an appropriate way, typically
as principal-value integrals or in a distributional sense.
Many operators of interest in analysis are of this form. The
following are relevant examples.4

• The Hilbert transform:

𝐻𝑓(𝑥) = 𝑐1 𝑝.𝑣.∫
ℝ

𝑓(𝑦)
𝑥 − 𝑦 𝑑𝑦

= −𝑖∫
ℝ
sgn(𝜉)𝑓(𝜉)𝑒𝑖𝑥𝜉 𝑑𝜉

• The Riesz transforms:

𝑅𝑗𝑓(𝑥) = 𝑐𝑛 𝑝.𝑣.∫
ℝ𝑛

𝑥𝑗 − 𝑦𝑗
|𝑥 − 𝑦|𝑛+1 𝑓(𝑦) 𝑑𝑦

= −𝑖∫
ℝ𝑛

𝜉𝑗
|𝜉|𝑓(𝜉)𝑒

𝑖𝑥⋅𝜉 𝑑𝜉

• The Calderón commutators with a Lipschitz func-
tion 𝐴:

𝑇𝑚𝑓(𝑥) = 𝑝.𝑣.∫
ℝ

(𝐴(𝑥) − 𝐴(𝑦))𝑚
(𝑥 − 𝑦)𝑚+1 𝑓(𝑦) 𝑑𝑦

• The Cauchy integral on a Lipschitz graph:

𝐶𝑓(𝑥) = 𝑝.𝑣.∫
ℝ

𝑓(𝑦)
(𝑥 − 𝑦) + 𝑖(𝐴(𝑥) − 𝐴(𝑦)) 𝑑𝑦

• The pseudodifferential operators with symbols in
the class 𝑆0:

𝑇𝜍𝑓(𝑥) = ∫
ℝ𝑛

𝜎(𝑥, 𝜉)𝑒𝑖𝑥⋅𝜉𝑓(𝜉) 𝑑𝜉,

where |𝜕𝛽𝑥𝜕𝛼𝜉 𝜎(𝑥, 𝜉)| ≤ 𝐶𝛼,𝛽(1 + |𝜉|)−|𝛼| for all mul-
tiindices 𝛼 and 𝛽.

4The constants 𝑐𝑛 depend on the definition of the FT but are of no relevance
here.
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These operators are examples of what are generically
called Calderón–Zygmund operators (CZOs). It would
take one expository article for each of the above exam-
ples to talk about their rich history and applications. In
any case, the characteristic feature of all CZOs is that if
𝑇 ∶ 𝐿2 → 𝐿2 and

|𝜕𝛼𝐾(𝑥, 𝑦)| ≤ 𝐶|𝑥 − 𝑦|−(𝑛+|𝛼|) for |𝛼| ≤ 1,
then 𝑇 ∶ 𝐿𝑝 → 𝐿𝑝, 1 < 𝑝 < ∞.5 The main question in
studying such operators becomes then their boundedness
on 𝐿2. Although for convolution operators like the first
two examples the answer is immediate,6 for nonconvolu-
tion ones the difficult question of characterizing 𝐿2 bound-
edness was finally answered by G. David and J. L. Journé in
themid-1980s with the T(1)-Theorem. The name of the re-
sult is due to a characterization of boundedness in terms of
the action of a CZO and its transpose on the constant func-
tion 1, plus some weak boundedness condition. However,
the authors also obtained a different formulation which is
more convenient for our purposes.

T(1)-Theorem (David–Journé [11]). Assume that the ker-
nel of the operator 𝑇 satisfies

|𝜕𝛼𝐾(𝑥, 𝑦)| ≤ 𝐶|𝑥 − 𝑦|−(𝑛+|𝛼|), |𝛼| ≤ 1.
Then,

𝑇 ∶ 𝐿2 → 𝐿2, and hence 𝑇 ∶ 𝐿𝑝 → 𝐿𝑝, 1 < 𝑝 < ∞,
if and only if 7

sup
𝜉
(‖𝑇(𝑒𝑖𝑥⋅𝜉)‖𝐵𝑀𝑂 + ‖𝑇∗(𝑒𝑖𝑥⋅𝜉)‖𝐵𝑀𝑂) ≤ 𝐶.

Although a cumbersome way to state the theorem, as it
needs to make sense a priori of the action of the operator
on exponentials (the operators are usually only initially
defined on a dense set of 𝐿2 which of course does not con-
tain the exponential functions), the above has a beautiful
interpretation: we only need to understand the operator
on the basic elements of Fourier analysis. In a way, we like
to say that to understand the music played by 𝑇 we need
to understand how it plays each note or pure tone 𝑒𝑖𝑥⋅𝜉.

We mentioned early on that sometimes we want to
study operators by discretizing them and studying their
matrices. So instead of using the exponential pure tones
to check 𝑇, we can use wavelets. Although this was not the
original proof of the theorem, one can prove it by show-
ing that the matrix associated to a CZO with respect to a
family of wavelets is almost diagonal.

5CZOs also satisfy some appropriate end-point estimates when 𝑝 = 1 or 𝑝 = ∞,
which we will not recount here.
6If 𝐾(𝑥, 𝑦) = 𝑘(𝑥 − 𝑦), then 𝑇𝑓(𝑥) = 𝑘 ∗ 𝑓(𝑥) or 𝑇𝑓(𝜉) = ̂𝑘(𝜉)𝑓(𝜉), so
𝑇 ∶ 𝐿2 → 𝐿2 ⟺ ̂𝑘 ∈ 𝐿∞.
7The John–Nirenberg space of functions of bounded mean oscillation, 𝐵𝑀𝑂, is

the collection of 𝑓 (modulo constants) for which
1
|𝑄|

∫𝑄 |𝑓(𝑥) − 𝑓𝑄 | 𝑑𝑥 < 𝐶 <
∞ for all cubes 𝑄, and where 𝑓𝑄 is the average of the function over 𝑄.

Figure 7. Waves with different frequencies do not interact
much.

In fact, under suitable cancellations on the operator (to
which the general theorem can be reduced), one can show
that for some 𝜀 > 0, and, say, 𝜈 ≤ 𝜇,

|⟨𝑇(𝜙𝜈𝑘), 𝜙𝜇𝑙⟩| ≲
2−(𝜇−𝜈)(𝜀+𝑛/2)

(1+2𝜈|2−𝜈𝑘−2−𝜇𝑙|)𝑛+𝜖 . (4)

Or, in a different format, for 𝑄 = 𝑄𝜈𝑘 and 𝑄′ = 𝑄𝜇𝑙,
|⟨𝑇(𝜙𝜈𝑘), 𝜙𝜇𝑙⟩|

≲ ( |𝑄
′|

|𝑄| )
𝜀+1/𝑛 1
(1+|𝑄|−1diam(𝑄 ∪ 𝑄′))1+𝜀 ,

since 1 + diam(𝑄∪𝑄′)
|𝑄|

≈ 1 + |2−𝜈𝑘−2−𝜇𝑙|
2−𝜈𝑛

. We can see that as

the cubes 𝑄 and 𝑄′ get far apart (the associated wavelets
are concentrated away from each other) or as 𝑄 gets much
larger than 𝑄′ (the wavelets live at very different scales, i.e.,
have very different frequencies), the entries on the matrix
for 𝑇 get very small. These estimates can then be easily
used to show via the Schur test (a result about positive ma-
trices) that the operator is bounded on 𝐿2.

The reason behind the estimate (4) is the fact that
the wavelets 𝜙𝜈𝑘 are almost eigenfunctions for all CZOs.
That is, they get transformed into functions which have
very similar properties (they are called smooth molecules
in the language of Frazier and Jawerth [13]). Roughly
speaking, the functions {𝑇(𝜙𝜈𝑘)} are concentrated on ap-
propriate cubes and oscillate at certain sets of frequencies
as wavelets do. Clearly 𝑇(𝜙𝜈𝑘) and 𝜙𝜇𝑙 do not interact
much if the cubes 𝑄𝜈𝑘 and 𝑄𝜇𝑙 are far apart, since they
die out fast outside the cubes. When the cubes overlap
the analysis is more delicate. We borrow Figure 7 from [5]
and some of the narrative therein to illustrate the almost-
orthogonality of the functions 𝑇(𝜙𝜈𝑘) and 𝜙𝜇𝑙 when they
are concentrated around overlapping cubes at very differ-
ent scales. Suppose that, say, 𝜈 ≪ 𝜇. Then 𝑇(𝜙𝜈𝑘) (red in
the figure) oscillates at a much larger scale than 𝜙𝜇𝑙 (blue),
so as in the cartoon about balls at the beginning of this arti-
cle, they do not interact much. In fact, 𝜙𝜇𝑙 highly oscillates
where 𝑇(𝜙𝜈𝑘) does not vary much, and hence

⟨𝑇(𝜙𝜈𝑘), 𝜙𝜇𝑙⟩ = ∫
ℝ𝑛
𝑇(𝜙𝜈𝑘)(𝑥)𝜙𝜇𝑙(𝑥) 𝑑𝑥 ∼ 0,
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since we are integrating a function with mean zero against
a function which is essentially constant. Here both the reg-
ularity of the wavelets and their cancellation play a crucial
role. The vanishingmoments of 𝜙𝜇𝑙 can be combined with
the smoothness of 𝑇(𝜙𝜈𝑘) to quantify the off-diagonal de-
cay in the estimate (4).

Bilinear Pseudodifferential Operators
The best example of a bilinear operator we want to look at
is again provided by the product of two functions. Let us
write the product 𝑓 ⋅ 𝑔 in multiplier form, that is,

(𝑓 ⋅ 𝑔)(𝑥)

= (2𝜋)−𝑛∫
ℝ𝑛
𝑓(𝜉)𝑒𝑖𝑥⋅𝜉 𝑑𝜉 ⋅ (2𝜋)−𝑛∫

ℝ𝑛
̂𝑔(𝜂)𝑒𝑖𝑥⋅𝜂 𝑑𝜂

= (2𝜋)−2𝑛∫
ℝ2𝑛

𝑓(𝜉) ̂𝑔(𝜂)𝑒𝑖𝑥⋅(𝜉+𝜂) 𝑑𝜉𝑑𝜂.

Similarly,
𝜕𝛼(𝑓.𝑔)(𝑥)

= (2𝜋)−2𝑛𝑖|𝛼|∫
ℝ2𝑛

(𝜉 + 𝜂)𝛼𝑓(𝜉) ̂𝑔(𝜂)𝑒𝑖𝑥⋅(𝜉+𝜂)𝑑𝜉𝑑𝜂.

More generally, and in analogy with the classical Hörman-
der classes of linear pseudodifferential operators, we can
consider bilinear pseudodifferential operators of the form

𝑇𝜍(𝑓, 𝑔)(𝑥) = ∫
ℝ2𝑛

𝜎(𝑥, 𝜉, 𝜂)𝑓(𝜉) ̂𝑔(𝜂)𝑒𝑖𝑥⋅(𝜉+𝜂) 𝑑𝜉𝑑𝜂.

For the purpose of this note, we say that the symbol 𝜎 is in
the class 𝐵𝑆𝑚, 𝑚 ∈ ℝ, if

|𝜕𝛽𝑥𝜕𝛼𝜉,𝜂𝜎(𝑥, 𝜉, 𝜂)| ≤ 𝐶𝛼,𝛽(1 + |𝜉| + |𝜂|)𝑚−|𝛼|.
For example, when 𝑚 = 0 the above estimates tell us
that the more derivatives we take on the symbol in the
frequency variables 𝜉 and 𝜂, the faster the resulting func-
tion decays at infinity. On the other hand, derivatives in
the space variable 𝑥 do not have much of an impact on
the decay of the symbols. The order 𝑚 indicates the orig-
inal number of pseudoderivatives the operator represents.
These operators enjoy nice boundedness properties which
could be obtained in several ways. At least for 𝑚 = 0, they
were pioneered by R. R. Coifman and Y.Meyer in the 1970s
and 1980s; see for example [10]. We shall proceed to ex-
plain boundedness results for operators with symbols in
𝐵𝑆𝑚 along with some more recent developments.

It turns out that when the operators are of order zero
(𝑚 = 0), they also admit a kernel representation of the
form

𝑇𝜍(𝑓, 𝑔)(𝑥) = ∫
ℝ2𝑛

𝐾(𝑥, 𝑦, 𝑧)𝑓(𝑦)𝑔(𝑧) 𝑑𝑦𝑑𝑧,

at least for 𝑥 ∉ supp𝑓 ∩ supp𝑔. Here, 𝐾 satisfies the esti-
mates

|𝜕𝛼𝐾(𝑥, 𝑦, 𝑧)| ≤ 𝐶𝛼(|𝑥 − 𝑦| + |𝑥 − 𝑧|)−(2𝑛+|𝛼|). (5)

Note that if we write ̃𝐾((𝑥, 𝑥), (𝑦, 𝑧)) = 𝐾(𝑥, 𝑦, 𝑧), then ̃𝐾
satisfies the same estimates of a Calderón–Zygmund ker-
nel in ℝ2𝑛 when its first 2𝑛-variables are of the form (𝑥, 𝑥).

For a bilinear operator there are two naturally associ-
ated transposes, 𝑇∗1 and 𝑇∗2, which are defined via the
formulas

⟨𝑇∗1(𝑓, 𝑔), ℎ⟩ = ⟨𝑇(ℎ, 𝑔), 𝑓⟩,

⟨𝑇∗2(𝑓, 𝑔), ℎ⟩ = ⟨𝑇(𝑓, ℎ), 𝑔⟩.

Bounded bilinear operators whose kernels and those of
its transposes satisfy the estimates (5) are called bilinear
Calderón–Zygmund operators (BCZOs). They are well un-
derstood by now through the works of R. R. Coifman and
Y. Meyer [10], M. Christ and J. L. Journé [8], C. Kenig and
E. Stein [21], and L. Grafakos and the author of this note
[17].

Recall that by Hölder’s inequality,

‖𝑓 ⋅ 𝑔‖𝐿𝑟 ≤ ‖𝑓‖𝐿𝑝‖𝑔‖𝐿𝑞

for 1 ≤ 𝑝, 𝑞 ≤ ∞, and 1/𝑝 + 1/𝑞 = 1/𝑟. Similarly, for oper-
ators of order zero, and more general BCZOs, one expects
the same estimates (except for the end-point ones when 𝑝
and/or 𝑞 are 1 or∞). Indeed, a T(1,1)-Theorem for BCZOs
exists. One version of it is the following.

T(1,1)-Theorem ([17]). Let 𝑇 be a bilinear operator so
that its kernel and those of its transposes satisfy (5), 1 < 𝑝, 𝑞 <
∞, and 1/𝑟 = 1/𝑝 + 1/𝑞. Then

𝑇 ∶ 𝐿𝑝 × 𝐿𝑞 → 𝐿𝑟

if and only if

sup
𝜉1,𝜉2

(‖𝑇∗𝑗(𝑒𝑖𝑥⋅𝜉1 , 𝑒𝑖𝑥⋅𝜉2)‖𝐵𝑀𝑂) ≤ 𝐶, 𝑗 = 0, 1, 2,

where 𝑇∗0 = 𝑇.
The classes of pseudodifferential operators with sym-

bols in 𝐵𝑆𝑚 are closed by transpositions, so it is easy to
apply the T(1,1)-Theorem to 𝐵𝑆0. One can check that
𝑥 → 𝑇(𝑒𝑖𝑥⋅𝜉1 , 𝑒𝑖𝑥⋅𝜉2) = 𝜎(𝑥, 𝜉1, 𝜉2) is in 𝐿∞ ⊂ 𝐵𝑀𝑂. This
is clear at a formal level, since 𝑒𝑖𝑥⋅𝜉𝑗 (⋅) = 𝛿𝜉𝑗 (⋅), but it holds
also in a rigorous way. Since 𝑇∗1 and 𝑇∗2 are also given
through symbols in 𝐵𝑆0, similar computations apply to
them. It follows then that 𝑇𝜍 ∶ 𝐿𝑝 × 𝐿𝑞 → 𝐿𝑟 in the full
range of exponents of the theorem.

For 𝑚 > 0, results for 𝐵𝑆𝑚 could be obtained from
the case of operators of order zero using the following
technique, which can be traced back to Coifman–Meyer’s
work.

Let 𝜎 ∈ 𝐵𝑆𝑚, 𝜙 ∈ 𝐶∞(ℝ) such that 0 ≤ 𝜙 ≤ 1, supp 𝜙 ⊂
[−2, 2], and 𝜙(𝑟) + 𝜙( 1

𝑟
) = 1 on [0,∞), and let us write
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⟨𝜉⟩ = (1 + |𝜉|2)1/2. Then,
𝑇𝜍(𝑓, 𝑔)(𝑥)

= ∫𝜎(𝑥, 𝜉, 𝜂) (𝜙 (⟨𝜂⟩
2

⟨𝜉⟩2 ) + 𝜙 (⟨𝜉⟩
2

⟨𝜂⟩2 ))

× 𝑓(𝜉) ̂𝑔(𝜂)𝑒𝑖𝑥⋅(𝜉+𝜂)𝑑𝜉𝑑𝜂

= ∫𝜎(𝑥, 𝜉, 𝜂)𝜙 ( ⟨𝜂⟩
2

⟨𝜉⟩2 )
𝐽𝑚𝑓(𝜉)
⟨𝜉⟩𝑚 ̂𝑔(𝜂)𝑒𝑖𝑥⋅(𝜉+𝜂)𝑑𝜉𝑑𝜂

+∫𝜎(𝑥, 𝜉, 𝜂)𝜙 (⟨𝜉⟩
2

⟨𝜂⟩2 ) 𝑓(𝜉)
𝐽𝑚𝑔(𝜂)
⟨𝜂⟩𝑚 𝑒𝑖𝑥⋅(𝜉+𝜂)𝑑𝜉𝑑𝜂.

That is, we have

𝑇𝜍(𝑓, 𝑔) = 𝑇𝜍1(𝐽𝑚𝑓, 𝑔) + 𝑇𝜍2(𝑓, 𝐽𝑚𝑔), (6)

where the symbols

𝜎1(𝑥, 𝜉, 𝜂) = 𝜎(𝑥, 𝜉, 𝜂)𝜙 ( ⟨𝜂⟩
2

⟨𝜉⟩2 ) ⟨𝜉⟩
−𝑚

and

𝜎2(𝑥, 𝜉, 𝜂) = 𝜎(𝑥, 𝜉, 𝜂)𝜙 (⟨𝜉⟩
2

⟨𝜂⟩2 ) ⟨𝜂⟩
−𝑚

are easily seen to be in 𝐵𝑆0. From the boundedness prop-
erties of 𝑇𝜍𝑗 , 𝑗 = 1, 2, it then follows that

‖𝑇𝜍(𝑓, 𝑔)‖𝐿𝑟 ≲ ‖𝑓‖𝐿𝑝𝑚‖𝑔‖𝐿𝑞 + ‖𝑓‖𝐿𝑝‖𝑔‖𝐿𝑞𝑚 . (7)

This was obtained in joint work with Á. Bényi and A. R.
Nahmod [4]. Many other similar results for bilinear pseu-
dodifferential operators exist for a variety of classes of sym-
bols (see for example the work with Á. Bényi, F. Berni-
cot, D. Maldonado, and V. Naibo [2] for additional ref-
erences).

There are also results for operators resembling the Bi-
linear Hilbert Transform (BHT) having multipliers (i.e.,
𝑥-independent symbols) with singularities when 𝜉 =
𝜂. The BHT is a much more singular bilinear operator
whose study requires a sophisticated refinement of almost-
orthogonality techniques beyond what is described here.
The analysis of the BHTwas developed in ground-breaking
achievements of M. Lacey and C. Thiele [22] and sev-
eral subsequent works. For reasons of space we shall not
present more singular pseudodifferential operators with
singularities similar to the BHT. Additional work on them
has been done in numerous articles by many authors. See
the works of F. Bernicot [6] and A. Bényi, C. Demeter, A.
Nahmod, C. Thiele, P. Villarroya, and the author [3] for
further references.

It is of interest to note, to draw a parallel to the lin-
ear situation, that under suitable cancellation conditions,
boundedness properties for multipliers 𝜎(𝜉, 𝜂) of order
zero can also be obtained through the discretization tech-
niques leading to almost-diagonal tensors. Thesemethods
also apply to other function spaces admitting LPS charac-
terizations. This was first studied in [16] and other works

followed. In particular, for Lebesgue spaces the estimates
in the matrix of 𝑇𝜍 take the much more complicated form8

|⟨𝑇𝜍(𝜙𝜈𝑘, 𝜙𝜇𝑙), 𝜙𝜆𝑚⟩| ≲ 2−(max(𝜇,𝜈,𝜆)−min(𝜇,𝜈,𝜆))𝜀

× 2(−max(𝜇,𝜈,𝜆)+med(𝜇,𝜈,𝜆)+min(𝜇,𝜈,𝜆))𝑛/2

(𝐺(𝜈, 𝑘, 𝜇, 𝑙) 𝐺(𝜇, 𝑙, 𝜆,𝑚)𝐺(𝜆,𝑚, 𝜈, 𝑘))𝑁
for some 𝜀 > 0 and 𝑁 > 𝑛, and where

𝐺(𝑥, 𝑎, 𝑦, 𝑏) = (1+2min(𝑥,𝑦)|2−𝑥𝑎−2−𝑦𝑏|).
Despite its complicated appearance, the first factor on the
right shows that the entries of the tensor get smaller as the
sizes of the cubes where the wavelets are essentially sup-
ported differ from each other. On the other hand, the pres-
ence of the functions𝐺 on the denominator shows that the
entries also get smaller as those cubes move farther away
from each other.

Leibniz Rule for the Fractional Derivatives
The estimate (7) already has a Leibniz rule flavor as it
estimates 𝑚 pseudodifferential derivatives of the product
in terms of two terms, each of which has only one func-
tion pseudodifferentiated. In general, similar estimates
also hold for a large collection of spaces (such as Triebel–
Lizorkin, Besov, Hardy, etc.) which have a 𝑝-size estimate
for its elements and an 𝑠-smoothness scale (like 𝐿𝑝𝑠) . Given
a triplet of such spaces 𝑋𝑝

𝑠 , 𝑌𝑞
𝑠 , 𝑍𝑟𝑠 and 𝑇𝜍 of order 𝑚 the

estimates expected and often obtained are of the form

‖𝑇𝜍(𝑓, 𝑔)‖𝑍𝑟𝑠 ≲ ‖𝑓‖𝑋𝑝
𝑚+𝑠

‖𝑔‖𝑌𝑞
0
+ ‖𝑓‖𝑋𝑝

0
‖𝑔‖𝑌𝑞

𝑚+𝑠
,

provided 1/𝑟 = 1/𝑝 + 1/𝑞 and suitable restrictions on the
other parameters hold (depending, in particular, on the
class of pseudodifferential operators used). We refer to the
work of V. Naibo and A. Thomson [26] for a more com-
plete account of known results.

Let us go back to the actual fractional derivatives of a
product, 𝐷𝑠(𝑓 ⋅ 𝑔). The estimate

‖𝐷𝑠(𝑓 ⋅ 𝑔)‖𝐿𝑟 ≲ ‖𝐷𝑠𝑓‖𝐿𝑝‖𝑔‖𝐿𝑞 + ‖𝑓‖𝐿𝑝‖𝐷𝑠𝑔‖𝐿𝑞 (8)

has a long history preceding most of what we have de-
scribed so far. It has also been successfully revisited over
the years to extend the sets of exponents for which it holds.
The original versions go back to the work of T. Kato and G.
Ponce [19] and M. Christ and M. I. Weinstein [9]. The op-
timal range of exponents 1/2 < 𝑟 < ∞, 1 < 𝑝, 𝑞 ≤ ∞,
1
𝑟
= 1

𝑝
+ 1

𝑞
, and 𝑠 > max(0, 𝑛

𝑟
− 𝑛) or 𝑠 a positive even inte-

ger was obtained by C. Muscalu and W. Schlag [25] and L.
Grafakos and S. Oh [15], together with appropriate weak-
type estimates when 𝑝 = 1 or 𝑞 = 1. A detailed analysis
of counterexamples for the limitations on 𝑠 can be found
also in [15]. The other end-point case 𝑝 = 𝑞 = 𝑟 = ∞ was
resolved by J. Bourgain and D. Li [7].

8For 𝑎 ≤ 𝑏 ≤ 𝑐, med(𝑎, 𝑏, 𝑐) = 𝑏.
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The simple approachwe showed leading to (6) does not
quite work for𝐷𝑠(𝑓⋅𝑔) for the optimal range of parameters
involved in the estimate (7), so a different decomposition
of the bilinear operator is used. Let 𝜓 be a function such
that 𝜓 = 𝜙2 as in (1). Writing 𝑓(𝜉) = ∑𝑗 𝑓(𝜉)𝜓(2−𝑗𝜉),
̂𝑔(𝜂) = ∑𝑘 ̂𝑔(𝜂)𝜓(2−𝑘𝜂), grouping appropriate terms to-

gether, and introducing powers of the frequency variables
and corresponding fractional derivatives, we can compute

𝐷𝑠(𝑓 ⋅ 𝑔)(𝑥)

= ∑
𝑗

∑
𝑘<𝑗−3

∫𝑒𝑖(𝜉+𝜂)𝑥 |𝜉 + 𝜂|𝑠
|𝜉|𝑠

× 𝜓(2−𝑗𝜉)𝐷𝑠𝑓(𝜉)𝜓(2−𝑘𝜂) ̂𝑔(𝜂)𝑑𝜉 𝑑𝜂

+∑
𝑘

∑
𝑗<𝑘−3

∫𝑒𝑖(𝜉+𝜂)𝑥 |𝜉 + 𝜂|𝑠
|𝜂|𝑠

× 𝜓(2−𝑗𝜉)𝑓(𝜉)𝜓(2−𝑘𝜂)𝐷𝑠𝑔(𝜂)𝑑𝜉 𝑑𝜂

+ ∑
𝑗,𝑘

|𝑗−𝑘|≤2

∫𝑒𝑖(𝜉+𝜂)𝑥 |𝜉 + 𝜂|𝑠
|𝜂|𝑠

× 𝜓(2−𝑗𝜉)𝑓(𝜉)𝜓(2−𝑘𝜉)𝐷𝑠𝑔(𝜂)𝑑𝜉 𝑑𝜂
= 𝑇1(𝐷𝑠𝑓, 𝑔)(𝑥) + 𝑇2(𝑓, 𝐷𝑠𝑔)(𝑥) + 𝑇3(𝑓, 𝐷𝑠𝑔)(𝑥),

where the 𝑇𝑖 for 𝑖 = 1, 2, 3 are defined by the symbols

𝜎1(𝜉, 𝜂) = ∑
𝑗

∑
𝑘<𝑗−3

|𝜉 + 𝜂|𝑠
|𝜉|𝑠 𝜓(2−𝑗𝜉)𝜓(2−𝑘𝜂),

𝜎2(𝜉, 𝜂) = ∑
𝑘

∑
𝑗<𝑘−3

|𝜉 + 𝜂|𝑠
|𝜂|𝑠 𝜓(2−𝑗𝜉)𝜓(2−𝑘𝜂),

𝜎3(𝜉, 𝜂) = ∑
𝑗,𝑘

|𝑗−𝑘|≤2

|𝜉 + 𝜂|𝑠
|𝜂|𝑠 𝜓(2−𝑗𝜉)𝜓(2−𝑘𝜂).

It will be enough then to show that for 𝑖 = 1, 2, 3,
‖𝑇𝑖(𝑓, 𝑔)‖𝐿𝑝 ≲ ‖𝑓‖𝐿𝑝1 ‖𝑔‖𝐿𝑝2 . (9)

Note that in the regions where the first two symbols are
supported, we have, respectively, |𝜉| ≫ |𝜂| and |𝜉| ≪ |𝜂|.
Using this it is not hard to see they are actually Coifman–
Meyer multipliers, that is,

|𝜕𝛼𝜉,𝜂𝜎𝑖(𝜉, 𝜂)| ≤ 𝐶𝛼(|𝜉| + |𝜂|)−|𝛼|, (10)

𝑖 = 1, 2, which in turn are also bilinear Calderón–
Zygmund operators. Hence 𝑇1 and 𝑇2 satisfy the right 𝐿𝑟
estimates for the full range of exponents. The troublesome
operator is the last one. If 𝑠 is not an even integer, then its
symbol develops a singularity along 𝜉 + 𝜂 = 0 for large
derivatives, since now |𝜉| ≈ |𝜂|. As proved in [15], 𝑇3 be-
longs to a class of pseudodifferential operators introduced
in [4] for which there is no general theory, and hence it
needs to be studied on its own. Nonetheless, in both [25]
and [15] it is shown that 𝑇3 is bounded on the optimal

range of exponents mentioned before. A crucial technical
ingredient in the proof is an estimate on the dependence of
the 𝐿𝑟 norm of discrete square functions obtained by trans-
lates of a given LPS-function. We refer to the mentioned
works for details.

It is of interest to note that the same approach works if
instead of𝐷𝛼(𝑓, 𝑔)we consider𝐷𝛼𝑇𝜍(𝑓, 𝑔)with 𝜎 satisfying
the 𝑚 order version of (10). Moreover, using techniques
introduced by M. Fujita and N. Tomita [14], one can even
treat symbols where the pointwise regularity estimates (10)
are replaced by Sobolev-type ones as well as symbols of dif-
ferent order; see [18]. J. Brummer and V. Naibo obtained
similar results for smooth symbols using smooth molecu-
lar decomposition techniques and also weighted versions
for multipliers (see again [26] for full references).

Fractional Derivatives in the Mixed Lebesgue
Space Setting
Consider now the mixed Lebesgue spaces defined by the
norm (quasi-norm if either 𝑝 < 1 or 𝑞 < 1)

‖𝑓‖𝐿𝑝𝑡 𝐿𝑞𝑥(ℝ𝑛+1) = (∫
ℝ
(∫

ℝ𝑛
|𝑓(𝑡, 𝑥)|𝑞 𝑑𝑥)

𝑝/𝑞
𝑑𝑡)

1/𝑝

.

There is a long history within harmonic analysis of re-
sults on mixed Lebesgue spaces going back to works of A.
Benedek, A. P. Calderón, and R. Panzone; J. Rubio de Fran-
cia, A. Ruiz, and J. L. Torrea; andD. L. Fernández, to name a
few. Recent interest arose from bilinear estimates needed
in partial differential equations involving functions in 𝑛
spatial variables 𝑥 and one time variable 𝑡.

In this context, C. Kenig, G. Ponce, and L. Vega [20] es-
tablished in their study of well-posedness for the general-
ized KdV equation the estimate

‖𝐷𝑠
𝑥(𝑓𝑔) − 𝑓𝐷𝑠

𝑥(𝑔) − 𝑔𝐷𝑠
𝑥(𝑓)‖𝐿𝑝𝑡 𝐿𝑞𝑥

≲ ‖𝐷𝑠1𝑥 (𝑓)‖𝐿𝑝1𝑡 𝐿𝑞1𝑥 ‖𝐷𝑠2𝑥 (𝑔)‖𝐿𝑝2𝑡 𝐿𝑞2𝑥 ,
where now

𝐷𝑠𝑥𝑓(𝜉0, 𝜉𝑛) = |𝜉𝑛|𝑠 ̂𝑓(𝜉0, 𝜉𝑛)
for 𝜉0 ∈ ℝ, 𝜉𝑛 ∈ ℝ𝑛. They proved this estimate for 0 <
𝑠1, 𝑠2 < 1, 𝑠 = 𝑠1 + 𝑠2, 1 < 𝑝, 𝑝1, 𝑝2, 𝑞, 𝑞1, 𝑞2 < ∞, 1/𝑝 =
1/𝑝1 + 1/𝑝2, and 1/𝑞 = 1/𝑞1 + 1/𝑞2. Note that the above
estimates only involve derivatives in 𝑥, but it is of interest
to have Leibniz rules in mixed Lebesgue spaces involving
derivatives in 𝑥 and 𝑡.

For any 𝑠, 𝐷𝑠
𝑡,𝑥 is defined in ℝ𝑛+1 as before,

𝐷𝑠
𝑡,𝑥𝑓(𝜉0, 𝜉𝑛) = |(𝜉0, 𝜉𝑛)|𝑠 ̂𝑓(𝜉0, 𝜉𝑛) = |𝜉|𝑠 ̂𝑓(𝜉),

where now 𝜉 ∈ ℝ𝑛+1 and the FT is taken also in ℝ𝑛+1.
Clearly, this corresponds to fractional differentiation in
ℝ𝑛+1, but the mixed norms used to estimate them create
many difficulties.
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Consider then a bilinear multiplier in ℝ2(𝑛+1),

𝐓𝜍(𝑓, 𝑔)(𝑥) = ∫
ℝ2(𝑛+1)

𝜎(𝜉, 𝜂)𝑒𝑖𝑥⋅(𝜉+𝜂)𝑓(𝜉) ̂𝑔(𝜂) 𝑑𝜉𝑑𝜂,

where the symbol satisfies

|𝜕𝛽𝜉,𝜂𝜎(𝜉, 𝜂)| ≲𝛽 (|𝜉| + |𝜂|)−|𝛽|. (11)

In the author’s joint work with J. Hart and X. Wu [18], it
was shown that

‖𝐷𝑠
𝑡,𝑥𝑇𝜍(𝑓, 𝑔)‖𝐿𝑝𝐿𝑞 ≲ ‖𝐷𝑠

𝑡,𝑥𝑓‖𝐿𝑝1𝐿𝑞1 ‖𝑔‖𝐿𝑝2𝐿𝑞2
+ ‖𝑓‖𝐿𝑝1𝐿𝑞1 ‖𝐷𝑠

𝑡,𝑥𝑔‖𝐿𝑝2𝐿𝑞2 (12)

for 1 < 𝑝𝑖, 𝑞𝑖 < ∞, 𝑖 = 1, 2, 1/𝑝 = 1/𝑝1 + 1/𝑝2, 1/𝑞 =
1/𝑞1 + 1/𝑞2, and some restrictions in 𝑠 which are rather
technical to explain in this article.9 Of course a particular
case is that of 𝜎 = 1, which gives again the Leibniz rule for
the product but now in mixed Lebesgue spaces,

‖𝐷𝑠
𝑡,𝑥(𝑓 ⋅ 𝑔)‖𝐿𝑝𝐿𝑞 ≲ ‖𝐷𝑠

𝑡,𝑥𝑓‖𝐿𝑝1𝐿𝑞1 ‖𝑔‖𝐿𝑝2𝐿𝑞2
+ ‖𝑓‖𝐿𝑝1𝐿𝑞1 ‖𝐷𝑠

𝑡,𝑥𝑔‖𝐿𝑝2𝐿𝑞2 . (13)

The estimate in (12) holds for less regular symbols in the
sense of [14] too.

The approach to the estimate (12) follows the one de-
scribed in the Lebesgue case but making use of the vector-
value Calderón–Zygmund theory. In particular, one also
needs to use the square function estimate

‖𝑓‖𝐿𝑝𝑡 𝐿𝑞𝑥(ℝ×ℝ𝑛) ≈
‖
‖
‖
‖
(∑
𝑗∈ℤ

|𝑓 ∗ 𝜙2−𝑗 |2)
1/2‖
‖
‖
‖𝐿𝑝𝑡 𝐿𝑞𝑥(ℝ×ℝ𝑛)

(14)

for 1 < 𝑝, 𝑞 < ∞ and an appropriate LPS-function 𝜙 in
ℝ𝑛+1.

A limited range of exponents when 𝑝, 𝑞 > 1 in (13) was
previously obtained in joint work with E. Ward [27]. A
main obstacle to reach the full range of exponent was the
need to establish one side of the estimate (14) when either
0 < 𝑝 ≤ 1 or 0 < 𝑞 ≤ 1.

It is a classical result in the Lebesgue context that

‖𝑓‖𝐿𝑝 ≲
‖
‖‖‖
(∑

𝜈
|𝑓 ∗ 𝜙2−𝜈 |2)

1/2‖
‖‖‖𝐿𝑝

(15)

also holds for 0 < 𝑝 ≤ 1. In fact, the right-hand side of
(15) gives a characterization of the Hardy space 𝐻𝑝 (and
hence the reverse estimate cannot hold in this range). The
analogous estimates for mixed Lebesgue spaces,

‖𝑓‖𝐿𝑝𝑡 𝐿𝑞𝑥(ℝ×ℝ𝑛) ≲
‖
‖
‖
‖
(∑
𝑗∈ℤ

|𝑓 ∗ 𝜙2−𝑗 |2)
1/2‖
‖
‖
‖𝐿𝑝𝑡 𝐿𝑞𝑥(ℝ×ℝ𝑛)

9The actual restrictions are 𝑠 ∈ 2ℕ or

𝑠 > max(0, 𝑛 + 1
𝑝 − (𝑛 + 1), 𝑛 + 1

𝑞 − (𝑛 + 1)).

when 𝑝 ≤ 1 or 𝑞 ≤ 1, was established in [18]. The details
are rather technical to be sketched in this note, but it is of
interest to point out that the proof presented therein relies
again on almost-orthogonality andwavelet-type decompo-
sitions in the mixed norm setting, circling back to some of
the ideas we already described in this presentation.

Before we conclude we would like to point to other im-
portant results in this context. Several authors have con-
sidered iterated fractional derivative variations of the Leib-
niz rule instead. In the case of Lebesgue spaces, the first
iterated derivative versions were studied by C. Muscalu, J.
Pipher, T. Tao, and C. Thiele [24]. In the mixed norm set-
ting, iterated derivative versions of (13) exist too. For ex-
ample, let 𝐷𝑠

𝑥 and 𝐷𝑠
𝑡 be the fractional derivatives in the

respective one-dimensional variables 𝑥 and 𝑡. In a series
of works culminating with C. Benea and C. Muscalu [1]
and F. Di Plinio and Y. Ou [12], it was proved that

‖𝐷𝛽
𝑡 𝐷𝛼

𝑥 (𝑓𝑔)‖𝐿𝑝𝐿𝑞 ≲ ‖𝑓‖𝐿𝑝1𝐿𝑞1 ‖𝐷𝛽
𝑡 𝐷𝛼

𝑥 𝑔‖𝐿𝑝2𝐿𝑞2
+ ‖𝐷𝛽

𝑡 𝑓‖𝐿𝑝1𝐿𝑞1 ‖𝐷𝛼
𝑥 𝑔‖𝐿𝑝2𝐿𝑞2

+ ‖𝐷𝛼
𝑥𝑓‖𝐿𝑝1𝐿𝑞1 ‖𝐷𝛽

𝑡 𝑔‖𝐿𝑝2𝐿𝑞2
+ ‖𝐷𝛽

𝑡 𝐷𝛼
𝑥𝑓‖𝐿𝑝1𝐿𝑞1 ‖𝑔‖𝐿𝑝2𝐿𝑞2 . (16)

The largest range can be found in [1], where for 𝑛 = 1,
1/2 < 𝑝 < ∞, 1/2 < 𝑞 < ∞,

1
𝑞
= 1

𝑞1
+ 1

𝑞2
,
1
𝑝
= 1

𝑝1
+ 1

𝑝2
,

one has 𝛼 > max(0, 1
𝑝
− 1, 1

𝑞
− 1) and 𝛽 > max(0, 1

𝑞
− 1).

The methods used in [1] or [12] are substantially different
from the direct ones we have described here and allow also
for some end-point estimates, which we do not know if the
work in [18] can produce. On the other hand, (16) does
not imply (13) or the other way around.

It would be of interest to consider versions of (12) or
the other ones presented in spaces of smooth functions
defined also in terms of mixed norms. We believe that the
successful almost-orthogonality techniques we have tried
to illustrate here have still a lot of potential in the character-
ization of function spaces and the study of operators with
less regular kernels, commutators, weighted estimates, and
other topics of harmonic analysis in the mixed norm con-
text.
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[5] Á. Bényi and R. H. Torres, The discrete Calderón reproduc-
ing formula of Frazier and Jawerth, Functional analysis, har-
monic analysis, and image processing: a collection of pa-
pers in honor of Björn Jawerth, Contemp. Math., vol. 693,
Amer. Math. Soc., Providence, RI, 2017, pp. 79–107, DOI
10.1090/conm/693. MR3682606

[6] F. Bernicot, A bilinear pseudodifferential calculus, J. Geom.
Anal. 20 (2010), no. 1, 39–62, DOI 10.1007/s12220-009-
9105-8. MR2574719

[7] J. Bourgain andD. Li,On an endpoint Kato-Ponce inequality,
Differential Integral Equations 27 (2014), no. 11-12, 1037–
1072. MR3263081

[8] M. Christ and J.-L. Journé, Polynomial growth esti-
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Convex Polytopes, Algebraic
Geometry, and Combinatorics

Laura Escobar and Kiumars Kaveh
In the last several decades, convex geometry methods have
proven very useful in algebraic geometry specifically to un-
derstand discrete invariants of algebraic varieties. An ap-
proach to study algebraic varieties is to assign to a family
of varieties a corresponding family of combinatorial ob-
jects which encode geometric information about the vari-
eties. Often, the combinatorial objects that arise are con-
vex polytopes, and convex geometry has been an essential
tool for this strategy.

The emergence of convexity in algebraic geometry is
rooted in the following geometric observations. Let 𝒜 ⊂
ℤ𝑛 be a finite set, then:

1. For any vector 𝜉 ∈ ℝ𝑛, themaximum/minimumof the
dot products 𝜉 ⋅ 𝑥, 𝑥 ∈ 𝒜, is attained on the boundary
of the convex hull of 𝒜.

2. As 𝑘 → ∞ the rescaled 𝑘-fold sums { 1
𝑘
(𝑥1 +⋯+ 𝑥𝑘) ∣

𝑥𝑖 ∈ 𝒜} converge to the convex hull of 𝒜.
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The first observation is related to describing a polytope as
an intersection of finitely many half spaces. It appears in
the notion of a Newton polygon introduced in Section 1
and is important in tropical geometry. The second observa-
tion is related to the construction of a polytope as a convex
hull of finitely many points. It is central to the proof of the
BKK theorem (see Theorem 1.2) and its generalization to
Newton–Okounkov bodies described in Section 3.

1. Newton Polytopes and Toric Varieties
The origin of appearances of convex polyhedra in algebraic
geometry goes back to Sir Isaac Newton and Ferdinand
Minding. Newton introduced what we now know as the
Newton diagram of a polynomial 𝑓(𝑥, 𝑡) in two variables 𝑥
and 𝑡. Given an equation 𝑓(𝑥, 𝑡) = 0 regarded as implicitly
defining 𝑥 in terms of 𝑡, Newton was interested in express-
ing 𝑥 as an infinite series in 𝑡. He knew that in general
𝑥 = 𝑥(𝑡)may not be a power series but a series of the form
∑𝑖≥0 𝑐𝑖𝑡𝑖/𝑘 for some fixed integer 𝑘 > 0, a series with frac-
tional exponents. In general one expects to have as many
solutions as the degree of 𝑓 in 𝑥.

Let 𝑓(𝑥, 𝑡) = ∑𝑎,𝑏 𝑐𝑎,𝑏𝑥𝑎𝑡𝑏. Consider the Newton dia-
gram (or Newton polygon) of 𝑓(𝑥, 𝑡) to be the lower convex
hull of {(𝑎, 𝑏) ∣ 𝑐𝑎,𝑏 ≠ 0} ⊂ ℝ2. This is the lower part of the
boundary of the convex hull stretching from the leftmost
to the rightmost point. Suppose the slopes of the (nonver-
tical) line segments in the Newton diagram are 𝜇1, … , 𝜇𝑠.
Newton showed that the fractional exponents for the first
terms in the series representations of solutions for 𝑥 are
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Figure 1. Example from Newton’s letter to Oldenburg dated
October 24, 1676.

the −𝜇𝑖. This observation is a key step in proving the well-
known Newton–Puiseux Theorem, which describes the al-
gebraic closure of the field of formal power series ℂ((𝑡))
(see [MS15, Theorem 2.1.5]).

Motivated by Newton’s classic work, Vladimir Arnold
asked his students to work on generalizations and ana-
logues of the notion of Newton diagram/polygon in sev-
eral variables. This resulted in the modern definition of
the Newton polytope of a polynomial. Unlike the Newton
diagram, which is a local concept related to multiplicities
of roots of a polynomial, the Newton polytope (Defini-
tion 1.1) is a global concept which can be thought of as a
refinement of the notion of degree of a polynomial.

Throughout we denote the multiplicative group of
nonzero complex numbers by ℂ∗. The product (ℂ∗)𝑛 of
𝑛 copies of ℂ∗ is an algebraic group often called an alge-
braic torus (it contains the usual topological torus (𝑆1)𝑛
as a maximal compact subgroup). The algebra of regu-
lar functions on (ℂ∗)𝑛 is the algebra of Laurent polynomials
ℂ[𝑥±1 , … , 𝑥±𝑛 ]. Wewill use themulti-index notation, and for
𝛼 = (𝑎1, … , 𝑎𝑛) ∈ ℤ𝑛 we write 𝑥𝛼 to denote the monomial
𝑥𝑎11 ⋯𝑥𝑎𝑛𝑛 .

Definition 1.1. Let 𝑓(𝑥) = ∑𝛼 𝑐𝛼𝑥𝛼 be a Laurent polyno-
mial. The Newton polytope of 𝑓 is the convex hull of the
finite set {𝛼 ∣ 𝑐𝛼 ≠ 0}. It is a convex polytope with vertices
in ℤ𝑛.

•

•

•

•

Figure 2. Newton polytope of 𝑓(𝑥, 𝑦) = 𝑥3 + 3𝑥𝑦 + 𝑦2 + 1.

One of the major discoveries of the Moscow Newton
polyhedra school is the celebrated BKK theorem named af-
ter David Bernstein (younger brother of Joseph Bernstein),
Askold Khovanskii, and Anatoli Kushnirenko. Fix a finite
set of lattice points 𝒜 = {𝛼0, … , 𝛼𝑠} ⊂ ℤ𝑛 and consider the

finite-dimensional vector space 𝐿𝒜 = {𝑓(𝑥) = ∑𝑠
𝑖=0 𝑐𝑖𝑥𝛼𝑖 ∣

∀𝑖, 𝑐𝑖 ∈ ℂ} consisting of Laurent polynomials with expo-
nents from 𝒜. The convex hull of 𝒜, which we denote Δ𝒜,
is the Newton polytope of a generic element of 𝐿𝒜.

Theorem 1.2 (BKK). For a generic choice of 𝑓1, … , 𝑓𝑛 ∈ 𝐿𝒜,
the number of solutions 𝑥 in (ℂ∗)𝑛 of the system 𝑓1(𝑥) = ⋯ =
𝑓𝑛(𝑥) = 0 is the same and is equal to 𝑛! vol(Δ𝒜), where vol
denotes the standard Lebesgue measure in ℝ𝑛.

Remark 1.3. In fact, the above form of this theorem is
due to Kushnirenko. Khovanskii has found many differ-
ent proofs for this theorem (worthy of Guinness Book of
Records?). Extending the BKK theorem, he also found for-
mulas in terms of the Newton polytope Δ𝒜 for genera and
Euler characteristics of subvarieties defined by 𝑓1(𝑥) = ⋯ =
𝑓𝑘(𝑥) = 0, for 𝑘 ≤ 𝑛, and, as before, generic elements
𝑓𝑖 ∈ 𝐿𝒜 (see [Hov78]).

Consider the subset 𝑇𝒜 ⊂ ℂℙ𝑠 defined by

𝑇𝒜 = {(𝑥𝛼0 ∶ ⋯ ∶ 𝑥𝛼𝑠) ∣ 𝑥 ∈ 𝑇 = (ℂ∗)𝑛}.
The subset 𝑇𝒜 is isomorphic to an algebraic torus. One can
show that if the differences of elements in 𝒜 generate ℤ𝑛,
then 𝑇𝒜 is isomorphic to 𝑇 = (ℂ∗)𝑛. Let 𝑋𝒜 ⊂ ℂℙ𝑠 be the
closure of 𝑇𝒜. Note that the torus 𝑇 = (ℂ∗)𝑛 acts on ℂℙ𝑠
by

𝑥 ⋅ (𝑧0 ∶ ⋯ ∶ 𝑧𝑠) = (𝑥𝛼0𝑧0 ∶ ⋯ ∶ 𝑥𝛼𝑠𝑧𝑠),
and the variety 𝑋𝒜 is the closure of the orbit of (1 ∶ ⋯ ∶ 1).
Recall that the degree of an 𝑛-dimensional projective vari-
ety 𝑋 ⊂ ℂℙ𝑠 is equal to the number of intersection points
of 𝑋 with a generic plane of codimension 𝑛. This notion
generalizes the degree of a polynomial and provides amea-
surement for how complex the embedding of 𝑋 in ℂℙ𝑠 is.
The BKK theorem can be restated as giving a formula for
the degree of 𝑋𝒜 ⊂ ℂℙ𝑠.

Theorem 1.4 (Alternative statement). The degree of 𝑋𝒜 ⊂
ℂℙ𝑠 is equal to 𝑛! vol(Δ𝒜).

Remark 1.5. One of the simplest proofs of the BKK theo-
rem, due to Khovanskii, uses the above restatement and
the classical Hilbert theorem on the relation between the
degree of a projective variety and the leading term of its
Hilbert polynomial. This proof enables a generalization
of this theorem to arbitrary systems of equations and is the
basis of the theory of Newton–Okounkov bodies (Section
3).

Since 𝑋𝒜 is the closure of an orbit, it is invariant under
the 𝑇-action. It is a 𝑇-toric variety in the sense of the fol-
lowing definition.

Definition 1.6. An (abstract) 𝑇-toric variety is an irre-
ducible variety with an algebraic 𝑇-action that has a finite
number of 𝑇-orbits.
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For 𝑋 a 𝑇-toric variety there is an open dense orbit 𝑈0 ⊂
𝑋 . After replacing 𝑇 with 𝑇/𝑇0, where 𝑇0 is the 𝑇-stabilizer
of 𝑈0, without loss of generality we can assume that 𝑈0 is
isomorphic to 𝑇 itself.

The degree of 𝑋𝒜 is not the only geometric information
we can obtain from the polytope Δ𝒜. In general, there is
a beautiful correspondence between the algebro-geometry
of toric varieties and the combinatorics of convex poly-
topes. The following is an example of this correspondence.

Theorem 1.7. There is a one-to-one correspondence between
the faces of the polytope Δ𝒜 and the torus orbits in 𝑋𝒜.

Tomake the connection between toric varieties and con-
vex polytopes more tight, one usually assumes 𝑋 is a nor-
mal variety. Some authors include this in the definition of
a toric variety (see [Ful93]). The connection between the
theory of toric varieties and Newton polytopes was discov-
ered by Khovanskii in now classic papers [Hov77,Hov78].

Remark 1.8. Using the rich correspondence between geom-
etry of toric varieties and combinatorics of convex poly-
topes, Victor Batyrev famously proved the mirror symmetry
conjecture for smooth toric varieties. This is a deep conjec-
ture in algebraic geometry inspired by high-energy physics,
and in particular string theory. Batyrev’s work is based on
the Khovanskii–Danilov computation of Hodge–Deligne
numbers using Newton polytopes.

Remark 1.9. The correspondence between toric varieties
and convex polytopes has also proven to be an extremely
powerful tool in attacking some deep combinatorial prob-
lems. Given a sequence 𝖿 = (𝖿0, … , 𝖿𝑛−1) of nonnegative
integers, one asks whether there is an 𝑛-dimensional poly-
tope 𝑃 all of whose faces are simplices so that 𝖿𝑖 is the
number of 𝑖-dimensional faces of 𝑃 for all 𝑖 = 0, … , 𝑛 −
1. The Dehn–Sommerville equations give necessary and
sufficient conditions on the sequence 𝖿 for this to hold.
Richard Stanley gave a proof of (the necessity of) Dehn–
Sommerville equations by interpreting the vector 𝖿 in terms
of the (intersection) cohomology of projective toric vari-
eties (see [Ful93, Section 5.6]). Alternatively Khovanskii
found a proof of the Dehn–Sommerville equations based
on Morse theory on polytopes/toric varieties.

Interestingly there is a natural (continuous and almost
everywhere differentiable) map 𝜇𝒜 ∶ 𝑋𝒜 → Δ𝒜. It is
called the moment map of the variety 𝑋𝒜. It is a special
case of the notion of moment map of a Hamiltonian torus
action from symplectic geometry and classical mechanics.
Here we regard (the smooth locus of) 𝑋𝒜 as a symplectic
manifold with respect to the restriction of the standard
Fubini–Study form on ℂℙ𝑠. This map can be written ex-
plicitly (without any knowledge of symplectic geometry re-
quired). Given a finite set 𝒜 = {𝛼0, … , 𝛼𝑠} ⊂ ℤ𝑛 the map

𝜇𝒜 ∶ ℂℙ𝑠 → ℝ𝑛 is defined by

𝜇𝒜 ∶ (𝑧0 ∶ ⋯ ∶ 𝑧𝑠) ↦
𝑠
∑
𝑖=0

( |𝑧𝑖|2

∑𝑠
𝑗=0 |𝑧𝑗|2

)𝛼𝑖 ∈ Δ𝒜.

One easily verifies that 𝜇 is invariant under the action
of the topological torus (𝑆1)𝑛 ⊂ 𝑇 = (ℂ∗)𝑛. Moreover,
𝜇𝒜(ℂℙ𝑠) = 𝜇𝒜(𝑋𝒜) = Δ𝒜.

Remark 1.10. The variety 𝑋𝒜 inherits a volume form/
measure, called the Liouville measure, from the standard
Fubini–Study metric on ℂℙ𝑠. One can directly compute
the pushforward of the Liouville measure on 𝑋𝒜 to Δ𝒜 and
show that the pushforward measure is (a constant multi-
ple of) the Lebesgue measure on Δ𝒜. From this one can
give an elegant proof of the BKK theorem. This proof is
due to Khovanskii. For a beautiful account of these ideas
and more details, see [Ati83].

Example 1.11 (Baby example). Let 𝑛 = 1 and 𝒜 = {0, 1} ⊂
ℤ. One sees that 𝑋𝒜 = ℂℙ1. The moment map 𝜇𝒜 ∶
ℂℙ1 → [0, 1] is the height function illustrated in Figure 3.
The Fubini–Study metric on ℂℙ1 is the usual metric on the
sphere, and the Liouvillemeasure is just the surface area on
the sphere.

Remark 1.12. In the above example, the fact that the push-
forward of the surface area on the sphere ℂℙ1 (the Fubini–
Study form in this case) is equal to the Lebesgue measure
was apparently known to Archimedes! It is directly related
to Archimedes’s theorem on surface area of a cylinder vs.
surface area of a sphere. Cicero describes visiting the tomb
of Archimedes, on top of which there were a sphere and a
cylinder that Archimedes had requested be placed on his
tomb to represent his mathematical discoveries.

μ

Figure 3. Moment map of the sphere.

2. The Permutohedron and Associahedron
Now suppose we have a linear action of a torus 𝑇 = (ℂ∗)𝑛
on ℂℙ𝑠 and a 𝑇-invariant subvariety 𝑋 such that the 𝑇-
stabilizer of 𝑋 is trivial. This yields a moment map 𝜇 ∶ 𝑋 →
ℝ𝑛, and its image is a polytope Δ𝑋 . (As mentioned before,
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Figure 4. Surface area of the sphere vs. the cylinder.

this is a special case of the moment map from symplec-
tic geometry.) In the previous section we further assumed
that 𝑋 was a toric variety. This implied the existence of
an open dense orbit 𝑈0 ⊂ 𝑋 isomorphic to 𝑇 which in
turn forced dim(𝑇) = dim(𝑋). In general we may have
that dim(𝑇) < dim(𝑋), which takes us out of the setting of
toric varieties. The polytope Δ𝑋 encodes some geometric
information of 𝑋 , but unlike the toric case, the moment
map does not yield a tight connection between Δ𝑋 and 𝑋 .
Regardless, the moment map construction gives rise to im-
portant combinatorics associated to 𝑋 . In this section we
give two examples of moment polytopes arising from the
study of flag varieties and see they are combinatorially in-
teresting. The first one will be associated to a projective
variety that is not toric.
2.1. The permutohedron. The flag variety 𝐹𝑛 consists of
the nested sequences {0} = 𝑉0 ⊊ 𝑉1 ⊊ ⋯ ⊊ 𝑉𝑛 = ℂ𝑛 of
vector subspaces of ℂ𝑛. One can realize this space as a
subvariety of a product of projective spaces as follows. An
element of 𝐹𝑛 can be represented by an invertible 𝑛×𝑛ma-
trix 𝑀 by setting 𝑉𝑖 to be the row-span of the top 𝑖 rows of
𝑀. Given an invertible matrix 𝑀 and a set 𝐼 ⊂ {1, 2, … , 𝑛},
let 𝑝𝐼(𝑀) be the minor of 𝑀 given by the top |𝐼| rows and
the columns in 𝐼. For 1 ≤ 𝑖 ≤ 𝑛, the homogeneous coor-

dinates (𝑝𝐼(𝑀) ∣ |𝐼| = 𝑖) ∈ ℂℙ(
𝑛
𝑖)−1 are called the Plücker

coordinates of the subspace 𝑉𝑖. Sending 𝑉1, … , 𝑉𝑛−1 to their
Plücker coordinates yields an embedding

𝐹𝑛 ↪ ℂℙ(
𝑛
1)−1 × ⋯ × ℂℙ(

𝑛
𝑛−1)−1,

and the image is a closed subvariety. To realize 𝐹𝑛 as a pro-

jective variety in ℂℙ(
𝑛
1)×⋯×( 𝑛

𝑛−1)−1, we can apply the Segre
embedding multiple times.

Define a torus action on the Plücker coordinates as fol-
lows. Realize the torus (ℂ∗)𝑛 as the group 𝒟 of invertible
diagonal 𝑛 × 𝑛 matrices. Given 𝐷 ∈ 𝒟 and an invertible
matrix𝑀, the action of𝐷 on the Plücker coordinates 𝑝𝐼(𝑀)
sends them to the Plücker coordinates of 𝑀𝐷. This ac-

tion comes from a linear action of 𝒟 on ℂℙ(
𝑛
1)×⋯×(𝑛𝑛)−1.

Furthermore, 𝐹𝑛 is a 𝒟-invariant subvariety and therefore
has a moment map. The image of this map is the permu-
tohedron 𝖯𝑛.

The permutohedron 𝖯𝑛 is the convex hull of the 𝑛! per-
mutations of (0, 1, … , 𝑛 − 1). Actually all of these points
are vertices of 𝖯𝑛. This polytope is the Newton polytope
of the Vandermonde determinant

det
⎡⎢⎢⎢
⎣

1 1 ⋯ 1
𝑥1 𝑥2 ⋯ 𝑥𝑛
⋮ ⋮ ⋮

𝑥𝑛−11 𝑥𝑛−12 ⋯ 𝑥𝑛−1𝑛

⎤⎥⎥⎥
⎦

= ∏
1≤𝑖<𝑗≤𝑛

(𝑥𝑗 − 𝑥𝑖).

The combinatorics of 𝖯𝑛 reflects some of the geometry of
the flag variety. For example, the vertices and edge direc-
tions of 𝖯𝑛 encode the 𝑇-equivariant cohomology (and
hence the usual cohomology) of 𝐹𝑛.

Remark 2.1. More generally, there is a large class of vari-
eties with a torus action for which one can give an elegant
description of their cohomology rings in terms of the com-
binatorial data of vertices and edges of theirmoment graphs.
This is the class ofGKM varieties named afterMark Goresky,
Robert Kottwitz, and Robert MacPherson. A 𝑇-variety 𝑋 is
a GKM variety if it has a finite number of 𝑇-fixed points, a
finite number of 𝑇-invariant curves, and the 𝑇-action is so-
called equivariantly formal. Examples include flag varieties
and toric varieties.

There is a classical formula for the volume of the per-
mutohedron. Let 𝐻𝑛 be the affine hyperplane given by

𝑥1 + ⋯ + 𝑥𝑛 = 𝑛(𝑛−1)
2

; note that 𝖯𝑛 lies on the affine hy-
perplane 𝐻𝑛. The volume of 𝖯𝑛 as a polytope in 𝐻𝑛 (nor-
malized so that every primitive parallelepiped in 𝐻𝑛 ∩ ℤ𝑛
has volume 1) equals 𝑛𝑛−2. This is equal to the number of
trees on 𝑛 labeled vertices. However, since 𝐹𝑛 is not a toric
variety, the BKK theorem does not apply and 𝑛𝑛−2 is not
the degree of 𝐹𝑛. The volume of 𝖯𝑛 equals the degree of
the largest 𝑇-toric subvariety in 𝐹𝑛.

Figure 5. From left to right, the permutohedra 𝖯3 and 𝖯4.

2.2. The associahedron. Consider the ways to put paren-
theses on 𝑡1⋯𝑡𝑛 so that we end up with binary prod-
ucts. These products can be arranged into a polyhedral
complex, called the associahedron 𝖠𝑛. Any balanced place-
ment of parentheses yields a face with vertices the binary
products that contain the given parentheses. For example,
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((𝑡1𝑡2)𝑡3)𝑡4

(𝑡1(𝑡2𝑡3))𝑡4
𝑡1((𝑡2𝑡3)𝑡4)

𝑡1(𝑡2(𝑡3𝑡4))
(𝑡1𝑡2)(𝑡3𝑡4)

Figure 6. A realization of 𝖠4.

𝑡1(𝑡2𝑡3𝑡4) corresponds to the edge with vertices 𝑡1(𝑡2(𝑡3𝑡4))
and 𝑡1((𝑡2𝑡3)𝑡4). See Figure 6 for an example. An alternative
description of the associahedron 𝖠𝑛 is given by considering
the vertices to be triangulations of an (𝑛+1)-gonwhere two
triangulations are adjacent if you can obtain one by flipping
a diagonal of the other; see Figure 7 for an example.

Figure 7. The polyhedral complex with vertices triangulations
of a regular hexagon.

A realization of 𝖠𝑛 is an (𝑛 − 2)-dimensional polytope
whose face structure equals the face structure of 𝖠𝑛. There
are many different polytopes that can arise in this way; the
paper [CSZ15] has a survey about the different realizations.
The Newton polytope of ∏1≤𝑖<𝑗≤𝑛−1(𝑥𝑖 + 𝑥𝑖+1 + ⋯ + 𝑥𝑗)
is Jean-Louis Loday’s realization of 𝖠𝑛. The toric variety of
Loday’s realization of 𝖠𝑛 can be constructed using concepts
from the flag variety; see [Esc16]. For brevity we describe
only the case 𝑛 = 4. Let 𝑒1, 𝑒2, 𝑒3 be the standard basis vec-
tors of ℂ3. Consider the variety 𝐵 consisting of the tuples
(𝑉1,1, 𝑉2,1, 𝑉2,2) of vector spaces such that the following inci-
dences hold:

𝑉1,1
⊂𝑉2,1

⊂
𝑉2,2

⊂
⟨𝑒1⟩

⊂
⟨𝑒3⟩

⊂ ⊂
⟨𝑒1, 𝑒2, 𝑒3⟩

One can then use the Plücker embedding and multiple

Segre embeddings to embed 𝐵 into ℙ(
3
1)×(32)×(32)−1.

Schubert varieties are subvarieties of the 𝐹𝑛 defined by
imposing conditions on how the flags intersect the coordi-
nate subspaces of ℂ𝑛. Varieties generalizing the one above
can be used to resolve singularities of transverse intersec-
tions of Schubert varieties.

Returning to the case at hand, the action of 𝒟 = (ℂ∗)3
on 𝐹3 induces an action of 𝒟 on 𝐵 and a moment map.
The moment polytope of the image is Loday’s realization
of 𝖠4. It turns out that the dimension of 𝐵 is equal to the
dimension of 𝖠4, which implies that this variety is actually
the toric variety of Loday’s realization of 𝖠4.

3. Newton–Okounkov Bodies
The success of toric methods encouraged algebraic geome-
ters to try to extend the scope of convex geometric meth-
ods in algebraic geometry. Many of the results about
toric varieties have been extended to varieties with actions
of so-called reductive groups. These are the complex alge-
braic counterparts of compact Lie groups and include fa-
miliar examples from linear algebra such as GL(𝑛, ℂ) and
SL(𝑛, ℂ). A large class of varieties with reductive group ac-
tions that extends that of toric varieties is the class of spher-
ical varieties. (We caution that the adjective spherical here is
not directly related to sphere, but rather to spherical func-
tions from representation theory.) The BKK theorem has
been generalized to spherical varieties byMichel Brion and
Boris Kazarnovskii and to more general reductive group
actions by Kaveh and Khovanskii (see [KK12b] and refer-
ences therein).

Far more generally, the theory of Newton–Okounkov
bodies extends the BKK theorem to arbitrary projective va-
rieties. Let 𝑋 ⊂ ℂℙ𝑠 be an 𝑛-dimensional projective vari-
ety. Generalizing the BKK formula for degree of 𝑋𝒜, we
would like to construct a convex body (i.e., a convex com-
pact subset) Δ ⊂ ℝ𝑛 such that its volume gives the degree
of 𝑋 . In this full generality Δ may not be a polytope but
only a convex body. To do this we need an extra choice of
a function 𝑣 ∶ ℂ(𝑋) ⧵ {0} → ℤ𝑛 satisfying the properties
of a valuation on the field of rational functions ℂ(𝑋). Instead
of giving the abstract definition of a valuation (from com-
mutative algebra), we explain the geometric construction
of a typical valuation on the field of rational functions. It
is a generalization of the familiar notion of leading term of
a polynomial.

First we equip the additive group ℤ𝑛 with the lexi-
cographic order. Pick a smooth point 𝑝 in 𝑋 and let
(𝑢1, … , 𝑢𝑛) be a system of parameters at 𝑝. That is, the
𝑢𝑖 are rational functions that are regular at 𝑝 such that
𝑢1(𝑝) = ⋯ = 𝑢𝑛(𝑝) = 0, and their differentials at 𝑝 are lin-
early independent (in other words, they generate the max-
imal ideal of 𝑝). It is well known that every rational func-
tion 𝑓 ∈ ℂ(𝑋) can be uniquely expressed as a formal Lau-
rent series in the 𝑢𝑖, that is, 𝑓 = ∑𝛼=(𝑎1,…,𝑎𝑛) 𝑐𝛼𝑢

𝑎1
1 ⋯𝑢𝑎𝑛𝑛 .
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Then we define 𝑣 ∶ ℂ(𝑋) ⧵ {0} → ℤ𝑛 by

𝑣(𝑓) = min{𝛼 ∣ 𝑐𝛼 ≠ 0}.
Here the minimum is taken with respect to the lexico-
graphic order on ℤ𝑛 (one shows that the minimum always
exists in this case). Note that the choice of 𝑣 is independent
of the choice of embedding of 𝑋 into projective space.

Let ℂ[𝑋] be the homogeneous coordinate ring of 𝑋 . If
𝐼 ⊂ ℂ[𝑥0, … , 𝑥𝑠] is the homogeneous ideal defining 𝑋 ⊂
ℂℙ𝑠, then ℂ[𝑋] = ℂ[𝑥0, … , 𝑥𝑠]/𝐼 and it is a ℤ≥0-graded al-
gebra. Denote by ℂ[𝑋]𝑚 the 𝑚th graded piece of ℂ[𝑋] so
that

ℂ[𝑋] = ⨁
𝑚∈ℤ≥0

ℂ[𝑋]𝑚.

Using the valuation 𝑣 we would like to associate a convex
body Δ to the graded algebra ℂ[𝑋]. Fix a nonzero element
ℎ ∈ ℂ[𝑋]1. First, we construct a semigroup 𝑆 = 𝑆(𝑋, 𝑣) ⊂
ℤ>0 × ℤ𝑛 by

𝑆 = ⋃
𝑚>0

{(𝑚, 𝑣(𝑓/ℎ𝑚)) ∣ 0 ≠ 𝑓 ∈ ℂ[𝑋]𝑚}.

Let 𝐶 ⊂ ℝ𝑛+1 be the closure of the convex hull of 𝑆 ∪ {0}.

Definition 3.1. TheNewton–Okounkov body Δ = Δ(𝑋, 𝑣) of
𝑋 ⊂ ℂℙ𝑠 is the intersection of the convex cone 𝐶 with the
hyperplane 𝑥1 = 1 in ℝ𝑛+1. One shows that Δ is bounded
and hence a convex body.

The construction of Δ(𝑋, 𝑣) appears (in passing) in
[Oko96,Oko03]. It was defined in a more general setting
and systematically studied in [LM09,KK12a].

The main theorem regarding Newton–Okounkov bod-
ies is a far generalization of the BKK theorem (see
[Oko03,LM09,KK12a]).

Theorem 3.2 (Okounkov, Lazarsfeld–Mustaţǎ, Kaveh–
Khovanskii). With notation as above,

deg(𝑋) = 𝑛! vol(Δ).

An important application of realizing degree as vol-
ume of a convex body is that one can apply the cel-
ebrated Brunn–Minkowski inequality (which is an in-
equality about volumes of subsets in Euclidean space)
to Newton–Okounkov bodies to obtain a simple proof
of a deep fact, known as the Hodge inequality, about
intersection numbers of hypersurfaces on varieties (see
[Oko03,LM09,KK12a]).

Example 3.3. Let 𝑋 ⊂ ℂℙ2 be a plane algebraic curve de-
fined by a homogeneous polynomial of degree 𝑑. Let 𝑣 be
the order of vanishing at a smooth point in 𝑋 . One shows,
by direct computation or using Theorem 3.2, that Δ(𝑋, 𝑣)
is the line segment [0, 𝑑].

Example 3.4. With notation as before, let 𝑋 ⊂ ℂℙ𝑠 be
a projective variety with degree 𝑑. Let 𝑣 be the valuation
obtained from a system of parameters corresponding to
𝑛 = dim(𝑋) hyperplane sections in general position. Then
Δ(𝑋, 𝑣) is the simplex inℝ𝑛 with vertices 0, 𝑒1, … , 𝑒𝑛−1, and
𝑑𝑒𝑛, where {𝑒1, … , 𝑒𝑛} is the standard basis.

It is possible that Δ(𝑋, 𝑣) is not a polytope (see [LM09,
Section 6.3]). For random choices of 𝑋 and 𝑣 one expects
that the convex body Δ(𝑋, 𝑣) is not a polytope, cf. work of
Küronya–Lozovanu–Maclean.

Remark 3.5. One can also define local versions of Newton–
Okounkov bodies. In commutative algebra terms, to a pri-
mary ideal 𝐼 in a local algebra 𝑅 one can associate a convex
set Γ(𝐼) inscribed in a cone 𝐶(𝑅) such that the volume of its
complement gives the Samuelmultiplicity 𝑒(𝐼) (see [KK14]
as well as work of Dale Cutkosky).

The notion of a toric degeneration provides a geometric
explanation for why Theorem 3.2 holds.

Definition 3.6. A toric degeneration of an embedded pro-
jective variety 𝑋 ⊂ ℂℙ𝑠 is a family 𝜋 ∶ 𝔛 → ℂ where
𝔛 ⊂ ℂℙ𝑠 × ℂ and 𝜋 is the projection on the second fac-
tor, such that the following hold:

(1) The family is trivial over ℂ∗ with fiber isomorphic
to 𝑋 . That is, 𝜋−1(ℂ∗) ≅ 𝑋 × ℂ∗.

(2) The fibers 𝑋𝑡 ∶= 𝜋−1(𝑡), 𝑡 ∈ ℂ, are all reduced and
irreducible (by (1) it suffices that 𝑋0 is reduced
and irreducible).

(3) The fiber 𝑋0 = 𝜋−1(0) (special fiber) is a toric vari-
ety with respect to an action of 𝑇 = (ℂ∗)𝑛 induced
from a linear action of 𝑇 on ℂℙ𝑠.

A toric degeneration is a “deformation” of a given vari-
ety to a toric variety such that some useful intersection the-
oretic data, in particular the degree, are preserved under
the deformation, hence enabling us to obtain some geo-
metric information about the embedding 𝑋 ⊂ ℂℙ𝑠 from
its degenerated toric variety.

We should point out that degenerations of curves is a
classical and very well-studied subject.

Figure 8. The family {((𝑥 ∶ 𝑦 ∶ 𝑧), 𝑡) ∣ 𝑦2𝑧 = 𝑥3 + 𝑡3𝑧3} ⊂ ℂℙ2 × ℂ
gives a toric degeneration of the elliptic curve 𝑦2𝑧 = 𝑥3 + 𝑧3 to
the singular toric variety 𝑦2𝑧 = 𝑥3. Topologically, a donut
shape degenerates to a pinched sphere. The two circles
around the arm and the hole of the donut contract to a point
on the pinched sphere.
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Using standard methods from commutative algebra
(namely, Rees algebra associated to a valuation) it can be
shown that whenever the semigroup 𝑆 = 𝑆(𝑋, 𝑣) is finitely
generated 𝑋 ⊂ ℂℙ𝑠 admits a toric degeneration to the toric
variety 𝑋𝒜 ⊂ ℂℙ𝑠 associated to a finite set 𝒜 of generators
of 𝑆 [AND13]. To be precise we want 𝑆 to be generated in
level 1.
Remark 3.7. These toric degenerations can be used in
symplectic geometry for constructions of full-dimensional
Hamiltonian torus actions as well as to obtain general re-
sults and constructions about symplectic ball embeddings
from symplectic topology [HK15,Kav19].

Remark 3.8. The Newton–Okounkov bodies of the flag
manifold have been computed by various mathemati-
cians with respect to some geometric valuations. For
example, in [Kav15] the author gives valuations for
which the resulting Newton–Okounkov bodies are the
string polytopes of Peter Littelmann, Arkady Berenstein,
and Andrei Zelevinsky, a generalization of the Gelfand–
Zetlin polytopes. Gelfand–Zetlin polytopes are in one-
to-one correspondence with irreducible representations
of GL(𝑛, ℂ). Moreover, the number of integral points
in a given Gelfand–Zetlin polytope is equal to the di-
mension of the irreducible representation it corresponds
to. Valentina Kiritchenko gave alternative valuations such
that the resulting Newton–Okounkov bodies are Feigin–
Fourier–Littelmann–Vinberg polytopes. Also, polytopes
of Nakashima–Zelevinsky were realized as Newton–
Okounkov bodies of flag varieties by Naoki Fujita and
Hironori Oya. There are also recent interesting connec-
tions between Newton–Okounkov bodies and cluster alge-
bras (see [RW19] as well as [KM19, p. 298] and references
therein).

Given an embedded projective variety 𝑋 ⊂ ℂℙ𝑠, one
is interested to know when there is a valuation 𝑣 on ℂ(𝑋)
such that the corresponding value semigroup 𝑆 is finitely
generated. In [KM19] the authors provide a criterion for
this in terms of tropical geometry and Gröbner theory.

With notation as before let 𝐼 ⊂ ℂ[𝑥0, … , 𝑥𝑠] be the ho-
mogeneous ideal defining 𝑋 ⊂ ℂℙ𝑠. Let us recall the basic
notion of initial form of a polynomial from the Gröbner
basis theory. Take 𝑤 ∈ ℚ𝑠+1 and let 𝑓(𝑥) = ∑𝛼∈ℤ𝑠+1≥0

𝑐𝛼𝑥𝛼
be a polynomial. The initial form in𝑤(𝑓) is defined to be
the sum of terms 𝑐𝛼𝑥𝛼 where the dot product ⟨𝑤, 𝛼⟩ is min-
imum. More precisely, let𝑚0 = min{⟨𝑤, 𝛼⟩ ∣ 𝑐𝛼 ≠ 0}. Then

in𝑤(𝑓) = ∑
⟨𝑤,𝛼⟩=𝑚0

𝑐𝛼𝑥𝛼.

The initial ideal of 𝐼 with respect to the weight𝑤 is the ideal
generated by the in𝑤(𝑓) for all 0 ≠ 𝑓 ∈ 𝐼.

Given a homogeneous ideal 𝐼, let us say that two vec-
tors 𝑤1, 𝑤2 ∈ ℚ𝑠+1 are equivalent if in𝑤1(𝐼) = in𝑤2(𝐼). It is

Figure 9. The Gröbner fan of the ideal (𝑦2𝑧 − 𝑥3 + 7𝑥𝑧2 − 2𝑧3).
The ray colored red is the only (full-dimensional) prime cone.

a well-known result that the equivalence classes partition
ℚ𝑠+1 into relatively open rational polyhedral cones. This
partition is usually referred to as the Gröbner fan of 𝐼, and
we denote it by Σ(𝐼).

We will say that a cone 𝐶 ∈ Σ(𝐼) is a prime cone if the
corresponding initial ideal in𝐶(𝐼) = in𝑤(𝐼), ∀𝑤 ∈ 𝐶, is
a prime ideal in ℂ[𝑥0, … , 𝑥𝑠]. One of the main results in
[KM19] establishes a correspondence between (full rank)
valuations on ℂ[𝑋]whose corresponding value semigroup
is finitely generated and (full-dimensional) prime cones
in the Gröbner fan of 𝐼. Thus to each such cone one can
naturally associate a Newton–Okounkov body (which in
this case is in fact a polytope) Δ𝐶 . The following example
is from [KM19, p. 300].

Example 3.9. Consider the ideal 𝐼 = (𝑦2𝑧−𝑥3+7𝑥𝑧2−2𝑧3)
defining an elliptic curve 𝐸 ⊂ ℂℙ2. The Gröbner fan of 𝐼
lives in ℝ3. Since 𝐼 is a homogeneous ideal, one sees that
every cone in the Gröbner fan is invariant under adding
scalar multiples of the vector (1, 1, 1). Thus we can think of
the Gröbner fan as living in ℝ3/⟨(1, 1, 1)⟩ ≅ ℝ2. It consists
of the seven cones (three 2-dimensional cones, three rays,
and the origin) in Figure 9. One computes that only the
ray colored red is a (full-dimensional) prime cone.

The above correspondence leads to the following ques-
tion: How does the Newton–Okounkov polytope change if we
cross from one prime cone to an adjacent prime cone in the Gröb-
ner fan? The preprint [EH19] gives the following answer:

𝗉1

•

•

𝗉2

•𝜉

Figure 10. Two Newton–Okounkov polytopes that project onto
the same polytope and such that the fibers under the
projection maps are the same length.
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Theorem 3.10 (Wall-crossing, Escobar–Harada). Suppose
that 𝐶1, 𝐶2 are two prime cones in Σ(𝐼) that share a
codimension-1 face. There exist a polytope Δ of dim(Δ) + 1 =
dim(Δ𝐶1) = dim(Δ𝐶2) and two natural surjective projections

Δ𝐶1

𝗉1⟶Δ 𝗉2⟵Δ𝐶2

such that the fibers of 𝗉1 and 𝗉2 of any point 𝜉 ∈ Δ are 1-
dimensional polytopes of the same Euclidean length (up to a
global constant). Moreover, there exists a piecewise linear bi-
jection 𝖥 ∶ Δ𝐶1 → Δ𝐶2 which makes the following diagram
commute:

Δ𝐶1
𝖥 Δ𝐶2

𝗉1 𝗉2

Δ

It was observed by Nathan Ilten and Christopher
Manon in 2017 that the geometric wall-crossing phenom-
enon for Newton–Okounkov bodies, as described above,
can also be derived from the theory of complexity-one T-
varieties.
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(2009), no. 5, 783–835. MR2571958

[MS15] Diane Maclagan and Bernd Sturmfels, Introduction
to tropical geometry, Graduate Studies in Mathematics,
vol. 161, American Mathematical Society, Providence, RI,
2015. MR3287221

[Oko03] Andrei Okounkov, Why would multiplicities be log-
concave?, The orbit method in geometry and physics (Mar-
seille, 2000), 2003, pp. 329–347. MR1995384

[Oko96] Andrei Okounkov, Brunn-Minkowski inequality for
multiplicities, Invent. Math. 125 (1996), no. 3, 405–411.
MR1400312

[RW19] K. Rietsch and L. Williams, Newton-Okounkov bodies,
cluster duality, and mirror symmetry for Grassmannians, Duke
Math. J. 168 (2019), no. 18, 3437–3527. MR4034891

Laura Escobar Kiumars Kaveh

Credits

Figure 1 was taken from https://cudl.lib.cam.ac.uk
/view/MS-ADD-03977/18. Reproduced by kind permis-
sion of the Syndics of Cambridge University Library.

All other figures were created by the authors.
Photo of Laura Escobar is by Sean Garcia and is courtesy of

Washington University in St. Louis.
Photo of Kiumars Kaveh is courtesy of the University of Pitts-

burgh.

SEPTEMBER 2020 NOTICES OF THE AMERICAN MATHEMATICAL SOCIETY 1123

http://www.ams.org/mathscinet-getitem?mr=3063911
http://www.ams.org/mathscinet-getitem?mr=705256
http://www.ams.org/mathscinet-getitem?mr=3437894
http://www.ams.org/mathscinet-getitem?mr=3512647
http://www.ams.org/mathscinet-getitem?mr=1234037
http://www.ams.org/mathscinet-getitem?mr=3425384
http://www.ams.org/mathscinet-getitem?mr=0476733
http://www.ams.org/mathscinet-getitem?mr=487230
http://www.ams.org/mathscinet-getitem?mr=3405591
https://cudl.lib.cam.ac.uk/view/MS-ADD-03977/18
https://cudl.lib.cam.ac.uk/view/MS-ADD-03977/18
http://www.ams.org/mathscinet-getitem?mr=4034891
http://www.ams.org/mathscinet-getitem?mr=1400312
http://www.ams.org/mathscinet-getitem?mr=1995384
http://www.ams.org/mathscinet-getitem?mr=3287221
http://www.ams.org/mathscinet-getitem?mr=2571958
http://www.ams.org/mathscinet-getitem?mr=3949692
http://www.ams.org/mathscinet-getitem?mr=2978761
http://www.ams.org/mathscinet-getitem?mr=2950767
http://www.ams.org/mathscinet-getitem?mr=3939260
http://www.arXiv.org/abs/1912.04809
http://www.ams.org/mathscinet-getitem?mr=3482603


Registration will open in July 2020 at 

www.ams.org/coeminiconference

The AMS Committee on Education invites you to attend the
THIRD ANNUAL MINI-CONFERENCE ON EDUCATION

Current issues: What can we do to 
support math majors and graduate 
students in the time of pandemic?
This mini-conference will be held virtually on Friday, October 23, and 

Saturday, October 24. Program details coming soon.

There has been a lot of rethinking of mathematics education in the age of coronavirus, 

particularly for entering students and those in introductory classes.  However, many of our 

math majors and graduate students face specific challenges in the current environment.  In 

particular, they are often confronting the crisis as both learners and educators.

• What innovative programs exist that support our students?  

• What have we learned from what did not work?  

• What are some best practices that can or should be implemented? 

• How can our community provide leadership to ensure all of our students—particularly 

those most vulnerable—have the highest-quality educational experiences possible? 

As the crisis unfolds over the coming months, we will further target topics for this mini-conference 
to address timely issues. 



Nonlocal Diffusion Equations
with Integrable Kernels

Julio D. Rossi
1. Local and Nonlocal Diffusions
The word diffusion derives from the Latin word diffundere,
which means “to spread out.”

In applied sciences one phenomenon that is often stud-
ied is diffusion. Diffusion is understood as net movement
of a species (for example, individuals, atoms, particles)
from a region of higher concentration to a region of lower
concentration. Diffusion is thus driven by a gradient in
concentration. For example, if you spray a gas at one end
of a room, eventually the gas particles will be all over the
room.

Julio D. Rossi is a professor of mathematics at the University of Buenos Aires,
Argentina. His email address is jrossi@dm.uba.ar.
To the memory of Fuensanta Andreu.

Communicated by Notices Associate Editor Daniela De Silva.

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

DOI: https://doi.org/10.1090/noti2138

The concept of diffusion is widely used in many dif-
ferent and unrelated fields, including physics (particle dif-
fusion), chemistry, biology, sociology, economics, and fi-
nance (diffusion of people, ideas, and price values). The
central idea of diffusion, however, is common to all of
these: an object (a particle, an idea, etc.) undergoing diffu-
sion spreads out from points or locations at which there is
a higher concentration of that object. There are two ways
to introduce the notion of diffusion: either a phenomeno-
logical approach (Fick’s law), or a physical/atomistic one,
considering the random walk of the diffusing particles. In
the phenomenological approach, according to Fick’s law,
the diffusion is proportional to the negative gradient of
concentrations (it goes from regions of higher concentra-
tion to regions of lower concentration). From the atom-
istic point of view, diffusion is considered as a result of
the random walk of the diffusing particles.

Here, by nonlocal diffusion we understand the evolu-
tion of a distribution (that we will call 𝑢(𝑥, 𝑡) emphasizing
that the relevant quantity under study, 𝑢, depends on a
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spacial variable 𝑥 ∈ ℝ𝑁 and a time variable 𝑡 ∈ ℝ+) that
takes place in such a way that the function 𝑢 at some point
(𝑥, 𝑡) tries to equalize a weighted mean value of the func-
tion in a neighborhood of the point. That is, the function
𝑢(𝑥, 𝑡) evolves, aiming to increase in time at points where
the mean value is larger than the value at the point and to
decrease when the mean value is smaller. In this informal
way of looking at diffusion we expect that the governing
equations (that are given in terms of a partial differential
equation of parabolic type) are such that the asymptotic
behavior of the solutions is given by the convergence as
𝑡 → ∞ to a constant. We will not consider here external
sources, hence focusing the analysis on the pure diffusive
case.

Going into concrete examples, if you think about a lin-
ear diffusion equation, probably the first one that will
come to your mind is the classical heat equation

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = Δ𝑢(𝑥, 𝑡). (1)

The operator involved as the right-hand side of the heat
equation is the usual Laplacian, a linear second-order dif-
ferential operator, given by

Δ𝑢(𝑥) =
𝑁
∑
𝑖=1

𝜕2𝑢
𝜕𝑥2𝑖

(𝑥).

This operator is closely related to a mean value formula; in
fact, for a 𝐶2 function, from a simple Taylor expansion we
obtain

𝐶Δ𝑢(𝑥) = lim
𝜖→0

1
𝜖2 ⨏𝐵𝜖(𝑥)

(𝑢(𝑦) − 𝑢(𝑥)) 𝑑𝑦. (2)

Here 𝐶 is a constant that depends only on the dimension
and is given by 𝐶 = (⨏𝐵1(0) 𝑥

2
1 𝑑𝑥)−1.

The stationary counterpart to (1) is given by harmonic
functions, that is, solutions to

Δ𝑢(𝑥) = 0
(which is an elliptic equation). Harmonic functions are
well known to satisfy a mean value property in balls; that
is, for every 𝑟 > 0, it holds that

𝑢(𝑥) = ⨏
𝐵𝑟(𝑥)

𝑢(𝑦) 𝑑𝑦.

The heat equation (1) is naturally associated with the
energy

𝐸(𝑢) = ∫ |∇𝑢|2
2 (𝑥) 𝑑𝑥

in the sense that (1) is the gradient flow associated to

𝐸(𝑢). That is, the heat equation can be written as
𝜕ᵆ
𝜕𝑡
(𝑡) =

−𝜕𝐸(𝑢)(𝑡); see [Eva10].
Notice that the heat equation can be written as

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = −div𝑥(𝐹(𝑥, 𝑡)), 𝐹(𝑥, 𝑡) = −∇𝑥𝑢(𝑥, 𝑡).

Hence, the heat equation can be viewed as the simplest
case of Fick’s law. In addition, concerning the physi-
cal/atomistic interpretation of diffusion, the heat equation
is closely related to probability in the sense that if a parti-
cle is sorted at time 𝑡 = 0 according to a probability density
𝑢0 and it moves at random (Brownian motion), then at a
positive time 𝑡 > 0 the probability density of the particle
is given by 𝑢(𝑥, 𝑡), the solution to the heat equation with
initial datum 𝑢0 [App09].

If you go one step further and consider nonlocal diffu-
sion problems, one popular choice is

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

ℝ𝑁
𝐽(𝑥 − 𝑦)(𝑢(𝑦, 𝑡) − 𝑢(𝑥, 𝑡)) 𝑑𝑦, (3)

where 𝐽 ∶ ℝ𝑁 → ℝ is a nonnegative radial function with
∫ℝ𝑁 𝐽 = 1. Here we will consider only integrable kernels.
This rules out the fractional powers of the Laplacian for
which 𝐽(𝑥 − 𝑦) ∼ |𝑥 − 𝑦|−𝑁−2𝑠. For singular kernels there
is a very large number of recent references concerning evo-
lution equations and their stationary counterparts, includ-
ing free boundary problems, regularity results, etc.; see for
example [RO16, CROS17]. The corresponding spaces are
the well-known fractional Sobolev spaces; see [DNPV12].

Notice that in (3) the diffusion of the density 𝑢 at a
point 𝑥 and time 𝑡 depends on the values of 𝑢 at all points
in the set 𝑥 + supp 𝐽, which is what makes the diffusion
operator nonlocal. Evolution equations of this form and
variations of it have been widely used to model diffusion
processes; see for instance [AVMRTM10, CF05, Fif03]. As
stated in [Fif03], if 𝑢(𝑥, 𝑡) is thought of as the density of
a single population at the point 𝑥 at time 𝑡, and 𝐽(𝑥 − 𝑦)
is regarded as the probability distribution of an individ-
ual of the species jumping from location 𝑦 to location 𝑥
(see section 4.4), then the rate at which individuals are
arriving at position 𝑥 from all other places is given by
∫ℝ𝑁 𝐽(𝑦 − 𝑥)𝑢(𝑦, 𝑡) 𝑑𝑦, while the rate at which they are
leaving location 𝑥 to travel to all other sites is given by
−∫ℝ𝑁 𝐽(𝑦 − 𝑥)𝑢(𝑥, 𝑡) 𝑑𝑦 = −𝑢(𝑥, 𝑡). Therefore, in the ab-
sence of external or internal sources, the density 𝑢 satisfies
the nonlocal equation (3). In this case there is also an en-
ergy that governs the evolution problem, namely,

𝐸𝐽(𝑢) =
1
4 ∫ℝ𝑁

∫
ℝ𝑁

𝐽(𝑥 − 𝑦)(𝑢(𝑦) − 𝑢(𝑥))2 𝑑𝑥𝑑𝑦.

That is, the nonlocal equation can also be seen as a gradi-

ent flow,
𝜕ᵆ
𝜕𝑡
(𝑡) = −𝜕𝐸𝐽(𝑢)(𝑡); see [AVMRTM10].

Notice that the right-hand side of the nonlocal equation
can be written as

∫
ℝ𝑁

𝐽(𝑥 − 𝑦)𝑢(𝑦, 𝑡) 𝑑𝑦 − 𝑢(𝑥, 𝑡).

Taking the special kernel

𝐽(𝑧) = 1
|𝐵𝜀(0)|

𝜒𝐵𝜀(0)(𝑧),
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one can look at the usual Laplacian as an infinitesimal ver-
sion of this mean value nonlocal operator in the sense that
(2) holds.

The nonlocal equation (3) shares many properties with

the classical heat equation
𝜕ᵆ
𝜕𝑡

= Δ𝑢, such as: bounded
stationary solutions are constant, a maximum principle
holds for both of them, and even if 𝐽 is compactly sup-
ported, perturbations propagate with infinite speed, [AVM-
RTM10, Fif03]. However, in the nonlocal case there is no
regularizing effect.

This kind of equation has been used to model very
different applied situations, for example in biology, im-
age processing, particle systems, coagulation models, etc.,
[HG06,HMMV03,KOJ05]. In particular, we want to men-
tion a nonlocal model for elasticity called peridynam-
ics, introduced in [Sil00], that has become quite popular
nowadays. To analyze this model the authors of [DGLZ13]
developed a complete nonlocal analogue to the usual vec-
tor calculus (including a nonlocal gradient, a nonlocal di-
vergence, etc.). Here the kernel is assumed to be compactly
supported, and the size of the support (called the hori-
zon) plays a fundamental role in the model, measuring
the range of the interactions inside the elastic material.

2. Boundary Conditions
Now we fix a bounded smooth domain Ω ⊂ ℝ𝑁 and look
at diffusion inside Ω. This has to be supplemented with
extra conditions on the boundary for the local heat equa-
tion and in the complement of the domain for the nonlo-
cal equation.
2.1. Dirichlet boundary conditions. When the heat
equation is regarded in a bounded domain one has to im-
pose boundary conditions to obtain a well-posed problem.
In particular one can impose that the density/temperature
𝑢(𝑥, 𝑡) takes a prescribed value (we just take zero for sim-
plicity) and consider

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = Δ𝑢(𝑥, 𝑡), Ω × ℝ+,

𝑢(𝑥, 𝑡) = 0, 𝜕Ω × ℝ+,

𝑢(𝑥, 0) = 𝑢0(𝑥), Ω.
Here we impose that the density vanishes on the boundary
of the domain.

Concerning boundary conditions for nonlocal prob-
lems we consider

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

ℝ𝑁
𝐽(𝑥 − 𝑦)𝑢(𝑦, 𝑡)𝑑𝑦 − 𝑢(𝑥, 𝑡), Ω × ℝ+,

𝑢(𝑥, 𝑡) = 0, Ω𝑐 × ℝ+,

𝑢(𝑥, 0) = 𝑢0(𝑥), Ω.
In this model we have that diffusion takes place in the
whole ℝ𝑁 , but we impose that 𝑢 vanishes outside Ω. This

is the analogue of what is called Dirichlet boundary condi-
tions for the heat equation. Notice that the boundary data
needs to be imposed in the set {𝑥 ∉ Ω ∶ 𝑑𝑖𝑠𝑡(𝑥, 𝜕Ω) <
supp(𝐽)}. Here we assume that the individuals/particles
that jump outside Ω are killed instantaneously (and there-
fore the density 𝑢(𝑥, 𝑡) ≡ 0 in Ω𝑐).
2.2. Neumann boundary conditions. Now, we observe
that one can impose that the flux across the boundary of
𝑢(𝑥, 𝑡) is prescribed (again we just take zero for simplicity)
and consider

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = Δ𝑢(𝑥, 𝑡), Ω × ℝ+,
𝜕𝑢
𝜕𝜂 (𝑥, 𝑡) = 0, 𝜕Ω × ℝ+,

𝑢(𝑥, 0) = 𝑢0(𝑥), Ω.
Here we impose that the normal derivative of the density,
𝜕ᵆ
𝜕𝜂

, vanishes on the boundary of the domain.

Let us turn our attention to the nonlocal case with Neu-
mann boundary conditions. We have the following model
for (𝑥, 𝑡) ∈ Ω × ℝ+:

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

Ω
𝐽(𝑥 − 𝑦)(𝑢(𝑦, 𝑡) − 𝑢(𝑥, 𝑡))𝑑𝑦,

𝑢(𝑥, 0) = 𝑢0(𝑥).
In this model we have that the integral terms take into ac-
count the diffusion only inside Ω. In fact, as we have ex-
plained before, the integral ∫ 𝐽(𝑥 − 𝑦)(𝑢(𝑦, 𝑡) − 𝑢(𝑥, 𝑡)) 𝑑𝑦
takes into account the individuals arriving at or leaving po-
sition 𝑥 from other places. Since we are integrating in Ω,
we are imposing that diffusion take place only in Ω. The
individuals may not enter or leave Ω. This is the analogue
of what is called homogeneous Neumann boundary con-
ditions in the literature, since there is no flux of individuals
to/from Ω from/to the exterior.

3. Analysis of the Nonlocal Problems
The main goal of this section is to prove existence and
uniqueness of solutions and to describe their asymptotic
behavior. Since some of the arguments are easy to follow
and illustrative of what one can expect to do when ana-
lyzing a nonlocal problem, we include some ideas of the
proofs.
3.1. Cauchy problem. We consider the linear nonlocal
diffusion problem in the whole ℝ𝑁 ,

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

ℝ𝑁
𝐽(𝑥 − 𝑦)𝑢(𝑦, 𝑡) 𝑑𝑦 − 𝑢(𝑥, 𝑡),

𝑢(𝑥, 0) = 𝑢0(𝑥).
(4)

In what follows we denote by 𝑓 the Fourier transform
of 𝑓 that is given by

𝑓(𝜉) = ∫
ℝ𝑁

𝑓(𝑥) 𝑒−2𝜋𝑖⟨𝑥,𝜉⟩ 𝑑𝑥.
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We will make extensive use of the Fourier transform in or-
der to obtain explicit solutions in the frequency variable, 𝜉.
Let us recall that if 𝑓 ∈ 𝐿1(ℝ𝑁), then 𝑓 and ̌𝑓 are bounded
and continuous, where 𝑓 is the Fourier transform of 𝑓 and
̌𝑓 is its inverse Fourier transform. Moreover,

lim
|𝜉|→∞

𝑓(𝜉) = 0 and lim
|𝑥|→∞

̌𝑓(𝑥) = 0.

We begin by collecting some properties of the function
𝐽 (recall that 𝐽 is a radial probability density).

(i) | ̂𝐽(𝜉)| ≤ 1, ̂𝐽(0) = 1.
(ii) If ∫ℝ𝑁 𝐽(𝑥)|𝑥| 𝑑𝑥 < +∞, then

(∇𝜉 ̂𝐽)
𝑖
(0) = −𝑖∫

ℝ𝑁
𝑥𝑖𝐽(𝑥) 𝑑𝑥 = 0;

and if ∫ℝ𝑁 𝐽(𝑥)|𝑥|2 𝑑𝑥 < +∞, then

(𝐷2 ̂𝐽)
𝑖𝑗
(0) = −∫

ℝ𝑁
𝑥𝑖𝑥𝑗𝐽(𝑥) 𝑑𝑥.

Therefore (𝐷2 ̂𝐽)𝑖𝑗(0) = 0 when 𝑖 ≠ 𝑗 and (𝐷2 ̂𝐽)𝑖𝑖(0) ≠ 0.
Hence the Hessian matrix of ̂𝐽 at the origin is given by

𝐷2 ̂𝐽(0) = −( 1𝑁 ∫
ℝ𝑁

|𝑥|2𝐽(𝑥) 𝑑𝑥) ⋅ Id.

(iii) If ̂𝐽(𝜉) = 1−𝐴|𝜉|𝛼+𝑜(|𝜉|)𝛼 for 𝜉 ∼ 0, then necessar-
ily 𝛼 ∈ (0, 2] (otherwise we will have ∫ℝ𝑁 |𝑥|2𝐽(𝑥) 𝑑𝑥 = 0,
contradicting that 𝐽 is nonnegative and nontrivial); and if
𝐽 has a first momentum, then 𝛼 ≠ 1.

Now, we prove existence and uniqueness of solutions
using the Fourier transform.

Theorem 1. Given 𝑢0 ∈ 𝐿1(ℝ𝑁) with 𝑢0 ∈ 𝐿1(ℝ𝑁), there
exists a unique solution 𝑢 ∈ 𝐶0([0,∞); 𝐿1(ℝ𝑁)) of (4). More-
over, in the Fourier space the solution is given by

�̂�(𝜉, 𝑡) = 𝑒( ̂𝐽(𝜉)−1)𝑡𝑢0(𝜉).

Proof. Our nonlocal equation can be written as

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = 𝐽 ∗ 𝑢(𝑥, 𝑡) − 𝑢(𝑥, 𝑡).

Applying the Fourier transform to this equation we obtain

𝜕�̂�
𝜕𝑡 (𝜉, 𝑡) = �̂�(𝜉, 𝑡)( ̂𝐽(𝜉) − 1).

Hence,

�̂�(𝜉, 𝑡) = 𝑒( ̂𝐽(𝜉)−1)𝑡𝑢0(𝜉).
Since 𝑢0 ∈ 𝐿1(ℝ𝑁) and 𝑒( ̂𝐽(𝜉)−1)𝑡 is continuous and
bounded, the result follows by taking the inverse of the
Fourier transform. □

Nowwe prove a lemma concerning the fundamental so-
lution of (4).

Lemma 2. Let 𝐽 ∈ 𝒮(ℝ𝑁), the space of rapidly decreasing
functions. The fundamental solution of (4), that is, the solution
of (4) with initial condition 𝑢0 = 𝛿0, can be decomposed as

𝑤(𝑥, 𝑡) = 𝑒−𝑡𝛿0(𝑥) + 𝑣(𝑥, 𝑡), (5)

with 𝑣(𝑥, 𝑡) smooth. Moreover, if 𝑢 is a solution of (4) it can
be written as

𝑢(𝑥, 𝑡) = (𝑤 ∗ 𝑢0)(𝑥, 𝑡) = ∫
ℝ𝑁

𝑤(𝑥 − 𝑧, 𝑡)𝑢0(𝑧) 𝑑𝑧.

Proof. By the previous result we have

𝜕�̂�
𝜕𝑡 (𝜉, 𝑡) = �̂�(𝜉, 𝑡)( ̂𝐽(𝜉) − 1).

Hence, as the initial datum verifies 𝑢0 = 𝛿0 = 1,
�̂�(𝜉, 𝑡) = 𝑒( ̂𝐽(𝜉)−1)𝑡 = 𝑒−𝑡 + 𝑒−𝑡(𝑒 ̂𝐽(𝜉)𝑡 − 1).

The first part of the lemma follows by applying the inverse
Fourier transform in 𝒮(ℝ𝑁).

To finish the proof we just observe that 𝑤 ∗ 𝑢0 is a solu-
tion of (4) (using Fubini’s theorem) with (𝑤 ∗ 𝑢0)(𝑥, 0) =
𝑢0(𝑥). □
Remark 3. The above proof together with the fact that
̂𝐽(𝜉) → 0 (since 𝐽 ∈ 𝐿1(ℝ𝑁)) shows that if ̂𝐽 ∈ 𝐿1(ℝ𝑁),

then the same decomposition (5) holds and the result also
applies.

Moreover, this result shows that the solution can bewrit-
ten as

𝑢(𝑥, 𝑡) = 𝑒−𝑡𝑢0(𝑥) +∫
ℝ𝑁

𝑣(𝑥 − 𝑧, 𝑡)𝑢0(𝑧)𝑑𝑧.

Since 𝑣 is smooth, we obtain that there is no regularizing
effect (𝑢(⋅, 𝑡) is as smooth as 𝑢0(⋅) is).

Now we state without proof what is the asymptotic be-
havior of the solutions as 𝑡 → ∞; see [CCR06] for the
proof.

Theorem 4. Let 𝑢 be a solution of (4) with 𝑢0, 𝑢0 ∈ 𝐿1(ℝ𝑁).
If there exist 𝐴 > 0 and 0 < 𝛼 ≤ 2 such that

̂𝐽(𝜉) = 1 − 𝐴|𝜉|𝛼 + 𝑜(|𝜉|𝛼), 𝜉 → 0,
then the asymptotic behavior of 𝑢(𝑥, 𝑡) is given by

lim
𝑡→+∞

𝑡𝑁/𝛼max
𝑥

|𝑢(𝑥, 𝑡) − 𝑣(𝑥, 𝑡)| = 0,

where 𝑣 is the solution to
𝑣𝑡(𝑥, 𝑡) = −𝐴(−Δ)𝛼/2𝑣(𝑥, 𝑡),

𝑣(𝑥, 0) = 𝑢0(𝑥).
Moreover, we have

‖𝑢(⋅, 𝑡)‖𝐿∞(ℝ𝑁) ≤ 𝐶 𝑡−𝑁/𝛼,
and the asymptotic profile is given by

lim
𝑡→+∞

max
𝑦

||𝑡𝑁/𝛼𝑢(𝑦𝑡1/𝛼, 𝑡) − ‖𝑢0‖𝐿1𝐺𝐴(𝑦)|| = 0,

where 𝐺𝐴(𝑦) satisfies 𝐺𝐴(𝜉) = 𝑒−𝐴|𝜉|𝛼 .
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In the special case 𝛼 = 2, the decay rate is 𝑡−𝑁/2, and the
asymptotic profile is a Gaussian,

𝐺𝐴(𝑦) = (4𝜋𝐴)𝑁/2 exp(−𝐴|𝑦|2/4),

with 𝐴 ⋅ Id = −(1/2)𝐷2 ̂𝐽(0). Note that in this case (which
occurs, for example, when 𝐽 is compactly supported) the
asymptotic decay is the same as the one for solutions of
the heat equation and, as happens for the heat equation,
the asymptotic profile is a Gaussian.

The decay in 𝐿∞ of the solutions together with the con-
servation of mass give the decay of the 𝐿𝑝-norms by inter-
polation. As a consequence of the previous theorem, we
find that this decay is analogous to the decay of the evolu-
tion given by the fractional Laplacian, that is,

‖𝑢(⋅, 𝑡)‖𝐿𝑝(ℝ𝑁) ≤ 𝐶 𝑡−
𝑁
𝛼 (1−

1
𝑝 ).

3.2. Dirichlet problem. Next we consider a bounded
smooth domain Ω ⊂ ℝ𝑁 and impose boundary condi-
tions on our model. From now on we assume that 𝐽 is
continuous.

Consider the nonlocal problem for (𝑥, 𝑡) ∈ Ω × ℝ+:

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

ℝ𝑁
𝐽(𝑥 − 𝑦)𝑢(𝑦, 𝑡)𝑑𝑦 − 𝑢(𝑥, 𝑡),

𝑢(𝑥, 𝑡) = 0, Ω𝑐 × ℝ+,

𝑢(𝑥, 0) = 𝑢0(𝑥).

(6)

Before studying the asymptotic behavior, we shall first
derive existence and uniqueness of solutions, which are a
consequence of Banach’s fixed point theorem.

Fix 𝑡0 > 0 and consider the Banach space

𝑋𝑡0 = {𝑤 ∈ 𝐶([0, 𝑡0]; 𝐿1(Ω))}

with the norm

|||𝑤||| = max
0≤𝑡≤𝑡0

‖𝑤(⋅, 𝑡)‖𝐿1(Ω).

We can obtain the existence and uniqueness of solutions
as a fixed point of the operator 𝒯 ∶ 𝑋𝑡0 → 𝑋𝑡0 defined by

𝒯𝑤0(𝑤)(𝑥, 𝑡)

= 𝑤0(𝑥) +∫
𝑡

0
∫
ℝ𝑁

𝐽 (𝑥 − 𝑦) (𝑤(𝑦, 𝑠) − 𝑤(𝑥, 𝑠))𝑑𝑦𝑑𝑠,

for 𝑥 ∈ Ω, 𝑡 ∈ [0, 𝑇], and

𝒯𝑤0(𝑤)(𝑥, 𝑡) = 0, 𝑥 ∉ Ω.

Lemma 5. Let 𝑤0, 𝑧0 ∈ 𝐿1(Ω) and 𝑤, 𝑧 ∈ 𝑋𝑡0 . Then there
exists a constant 𝐶 depending on 𝐽 and Ω such that

|||𝒯𝑤0(𝑤) − 𝒯𝑧0(𝑧)||| ≤ 𝐶𝑡0|||𝑤 − 𝑧||| + ||𝑤0 − 𝑧0||𝐿1(Ω).

Proof. We have

∫
Ω
|𝒯𝑤0(𝑤)(𝑥, 𝑡) − 𝒯𝑧0(𝑧)(𝑥, 𝑡)| 𝑑𝑥

≤ ∫
Ω
|𝑤0 − 𝑧0|(𝑥) 𝑑𝑥

+∫
Ω

||||
∫

𝑡

0
∫
ℝ𝑁

𝐽 (𝑥 − 𝑦) [(𝑤(𝑦, 𝑠) − 𝑧(𝑦, 𝑠))

− (𝑤(𝑥, 𝑠) − 𝑧(𝑥, 𝑠))] 𝑑𝑦 𝑑𝑠||| 𝑑𝑥.

Hence, taking into account that 𝑤 and 𝑧 vanish outside Ω,
we obtain

|||𝒯𝑤0(𝑤) − 𝒯𝑧0(𝑧)||| ≤ ‖𝑤0 − 𝑧0‖𝐿1(Ω) + 𝐶𝑡0|||𝑤 − 𝑧|||,
as we wanted to prove. □

This fixed point argument allows us to obtain existence
and uniqueness of solutions.

Theorem 6. For every 𝑢0 ∈ 𝐿1(Ω) there exists a unique solu-
tion 𝑢, such that 𝑢 ∈ 𝐶([0,∞); 𝐿1(Ω)).
Proof. We check first that 𝒯 0 maps 𝑋𝑡0 into 𝑋𝑡0 . Taking
𝑧0, 𝑧 ≡ 0 in Lemma 5 we get that 𝒯(𝑤) ∈ 𝐶([0, 𝑡0]; 𝐿1(Ω)).

Choose 𝑡0 such that 𝐶𝑡0 < 1. Now taking 𝑧0 ≡ 𝑤0 ≡
𝑢0 in Lemma 5 we get that 𝒯 0 is a strict contraction in
𝑋𝑡0 and the existence and uniqueness part of the theorem
follows from Banach’s fixed point theorem in the interval
[0, 𝑡0]. To extend the solution to [0,∞) we may take as
initial data 𝑢(𝑥, 𝑡0) ∈ 𝐿1(Ω) and obtain a solution up to
[0, 2𝑡0]. Iterating this procedure we get a solution defined
in [0,∞). □

Next we look for steady states of (6).

Proposition 7. 𝑢 ≡ 0 is the unique stationary solution of (6).

Proof. Let 𝑢 be a stationary solution of (6). Then

0 = ∫
ℝ𝑁

𝐽(𝑥 − 𝑦)(𝑢(𝑦) − 𝑢(𝑥)) 𝑑𝑦, 𝑥 ∈ Ω,

and 𝑢(𝑥) = 0 for 𝑥 ∉ Ω. Hence, using that ∫ 𝐽 = 1 we
obtain that for every 𝑥 ∈ Ω it holds that

𝑢(𝑥) = ∫
ℝ𝑁

𝐽(𝑥 − 𝑦)𝑢(𝑦) 𝑑𝑦.

Since we assumed that 𝐽 is continuous, we get that 𝑢 is con-
tinuous in Ω and globally bounded. Set 𝐾 = max𝑥∈Ω 𝑢(𝑥)
and assume that 𝐾 > 0 (the argument assuming that
min𝑥∈Ω 𝑢(𝑥) < 0 is analogous). Consider the set 𝒜 = {𝑥 ∈
Ω | 𝑢(𝑥) = 𝐾}. The set 𝒜 is clearly closed and nonempty.
Now, for 𝑥0 ∈ 𝒜, we have

𝐾 = 𝑢(𝑥0) = ∫
Ω
𝐽(𝑥0 − 𝑦)𝑢(𝑦) 𝑑𝑦 ≤ 𝐾.

This implies that 𝑢(𝑦) = 𝑢(𝑥0) = 𝐾 for all 𝑦 ∈ Ω∩𝐵(𝑥0, 𝑑),
and hence 𝒜 is open. Consequently, as Ω is connected,
𝒜 = Ω and 𝑢 ≡ 𝐾 is constant. Then the equation, together
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with 𝑢(𝑥) = 0 for 𝑥 ∉ Ω, gives a contradiction that implies
that 𝑢 ≡ 0. □

Now, let us analyze the asymptotic behavior of the so-
lutions. As there exists a unique stationary solution, it is
expected that solutions converge to zero as 𝑡 → ∞. Our
main concern will be the rate of convergence. In this case
we find an exponential decay given by the first eigenvalue
of an associated problem, and the asymptotic behavior of
solutions is described by the unique (up to a constant) as-
sociated eigenfunction. Let 𝜆1 = 𝜆1(Ω) be given by

𝜆1 = inf
𝐴

1
2 ∫ℝ𝑁

∫
ℝ𝑁

𝐽(𝑥 − 𝑦)(𝑢(𝑥) − 𝑢(𝑦))2𝑑𝑥𝑑𝑦

∫
Ω
(𝑢(𝑥))2𝑑𝑥

with 𝐴 = {𝑢 ∶ 𝑢|Ω𝑐 ≡ 0 and 𝑢 ∈ 𝐿2(Ω)}. We denote by
𝜙1 an associated eigenfunction (a function where the infi-
mum is attained) that is unique up to scalar multiples (the
first eigenvalue is simple).

Theorem 8. For every 𝑢0 ∈ 𝐿1(Ω) there exists a unique so-
lution 𝑢 of (6) such that 𝑢 ∈ 𝐶([0,∞); 𝐿1(Ω)). Moreover, if
𝑢0 ∈ 𝐿2(Ω), solutions decay to zero as 𝑡 → ∞ with an exponen-
tial rate

‖𝑢(⋅, 𝑡)‖𝐿2(Ω) ≤ ‖𝑢0‖𝐿2(Ω)𝑒−𝜆1𝑡.
If 𝑢0 is continuous, positive, and bounded, then there exist pos-
itive constants 𝐶 and 𝐶∗ such that

‖𝑢(⋅, 𝑡)‖𝐿∞(Ω) ≤ 𝐶 𝑒−𝜆1𝑡

and
lim
𝑡→∞

max
𝑥

||𝑒𝜆1𝑡𝑢(𝑥, 𝑡) − 𝐶∗𝜙1(𝑥)|| = 0.

Remark 9. Note that the first eigenfunction 𝜙1 is strictly
positive in Ω (with positive continuous extension to Ω)
and vanishes outside Ω. Therefore a discontinuity occurs
on 𝜕Ω, and the boundary value is not taken in the usual
“classical” continuous sense.

3.3. Neumann problem. Let us turn our attention toNeu-
mann boundary conditions. We study

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

Ω
𝐽(𝑥 − 𝑦)(𝑢(𝑦, 𝑡) − 𝑢(𝑥, 𝑡))𝑑𝑦,

𝑢(𝑥, 0) = 𝑢0(𝑥),
(7)

with (𝑥, 𝑡) ∈ Ω×ℝ+. Again solutions are to be understood
in an integral sense; see Theorem 10.

As happens for the Dirichlet model, existence and
uniqueness will be a consequence of Banach’s fixed point
theorem. The main arguments are basically the same.

Fix 𝑡0 > 0 and consider the Banach space

𝑋𝑡0 = 𝐶([0, 𝑡0]; 𝐿1(Ω))
with the norm

|||𝑤||| = max
0≤𝑡≤𝑡0

‖𝑤(⋅, 𝑡)‖𝐿1(Ω).

We will obtain the solution as a fixed point of the oper-
ator 𝒯 ∶ 𝑋𝑡0 → 𝑋𝑡0 defined by

𝒯𝑤0(𝑤)(𝑥, 𝑡)

= 𝑤0(𝑥) +∫
𝑡

0
∫
Ω
𝐽 (𝑥 − 𝑦) (𝑤(𝑦, 𝑠) − 𝑤(𝑥, 𝑠))𝑑𝑦𝑑𝑠.

Again one can show that, given 𝑤0, 𝑧0 ∈ 𝐿1(Ω) and 𝑤, 𝑧 ∈
𝑋𝑡0 , there exists a constant 𝐶 depending only on Ω and 𝐽
such that

|||𝒯𝑤0(𝑤) − 𝒯𝑧0(𝑧)||| ≤ 𝐶𝑡0|||𝑤 − 𝑧||| + ‖𝑤0 − 𝑧0‖𝐿1(Ω).
With this estimate one can easily prove the following re-
sult.

Theorem 10. For every 𝑢0 ∈ 𝐿1(Ω) there exists a unique solu-
tion 𝑢 of (7) such that 𝑢 ∈ 𝐶([0,∞); 𝐿1(Ω)). Moreover, the
total mass in Ω is preserved along the evolution,

∫
Ω
𝑢(𝑦, 𝑡) 𝑑𝑦 = ∫

Ω
𝑢0(𝑦) 𝑑𝑦.

Now we study the asymptotic behavior as 𝑡 → ∞. We
start by analyzing the corresponding stationary problem,
so we consider the equation

0 = ∫
Ω
𝐽(𝑥 − 𝑦)(𝜑(𝑦) − 𝜑(𝑥)) 𝑑𝑦. (8)

The only solutions are constants. In fact, in particular, (8)
implies that 𝜑 is a continuous function. Now, we argue as
for the Dirichlet case. Set

𝐾 = max
𝑥∈Ω

𝜑(𝑥)

and consider the set 𝒜 = {𝑥 ∈ Ω | 𝜑(𝑥) = 𝐾}. The set 𝒜 is
clearly closed and nonempty. We claim that it is also open
in Ω. Let 𝑥0 ∈ 𝒜. We then have

𝜑(𝑥0) = (∫
Ω
𝐽(𝑥0 − 𝑦) 𝑑𝑦)

−1
∫
Ω
𝐽(𝑥0 − 𝑦)𝜑(𝑦) 𝑑𝑦,

and 𝜑(𝑦) ≤ 𝜑(𝑥0). This implies that 𝜑(𝑦) = 𝜑(𝑥0) for all
𝑦 ∈ Ω ∩ 𝐵(𝑥0, 𝑑), and hence 𝒜 is open as claimed. Conse-
quently, as Ω is connected, 𝒜 = Ω and 𝜑 is constant.

We have proved the following proposition:

Proposition 11. Every stationary solution of (7) is constant
in Ω.

Now we are ready to look at the asymptotic behavior.
In this case it is given by an exponential decay to the mean
value of the initial condition.

Let 𝛽1 be the first nontrivial eigenvalue associated with
our equation. It is given by

𝛽1 = inf
𝐵

1
2 ∫Ω

∫
Ω
𝐽(𝑥 − 𝑦)(𝑢(𝑦) − 𝑢(𝑥))2 𝑑𝑦 𝑑𝑥

∫
Ω
(𝑢(𝑥))2 𝑑𝑥

.
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Here 𝐵 = {𝑢 ∈ 𝐿2(Ω) ∶ ∫Ω 𝑢 = 0}. We remark that 𝛽1 is
strictly positive; see [AVMRTM10].

We are now ready to state the result concerning the as-
ymptotic behavior of solutions of (7). For the proof we
refer to [CCR06].

Theorem 12. Let 𝑘 = 1
|Ω|

∫Ω 𝑢0 and let 𝛽1 > 0 as above.

Then the asymptotic behavior of solutions of (7) is described as
follows: if 𝑢0 ∈ 𝐿2(Ω), then

‖𝑢(⋅, 𝑡) − 𝑘‖𝐿2(Ω) ≤ 𝑒−𝛽1𝑡‖𝑢0 − 𝑘‖𝐿2(Ω),
and if 𝑢0 is continuous and bounded there exists a positive con-
stant 𝐶 such that

‖𝑢(⋅, 𝑡) − 𝑘‖𝐿∞(Ω) ≤ 𝐶𝑒−𝛽1𝑡.

4. Extra Notes
In this final section we collect some extra results concern-
ing extension of the results to the nonlinear case, non-
symmetric kernels, rescales of the equation, and at the
end we add something a little more technical concerning
the probabilistic interpretation of nonlocal diffusion equa-
tions and related geometric objects.
4.1. Nonlinear diffusion. One can consider nonlinear
diffusion equations, for example,

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = Δ𝑝𝑢(𝑥, 𝑡).

The operator involved here is the 𝑝-Laplacian, given by

Δ𝑝𝑢(𝑥) = div(|∇𝑢|𝑝−2∇𝑢(𝑥))
with 𝑝 ≥ 1 and associated with the energy

𝐸(𝑢) = ∫ |∇𝑢|𝑝
𝑝 (𝑥) 𝑑𝑥.

If we want a similar nonlocal nonlinear diffusion problem,
we obtain

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

ℝ𝑁
𝐽(𝑥 − 𝑦)|𝑢(𝑦, 𝑡) − 𝑢(𝑥, 𝑡)|𝑝−2

×(𝑢(𝑦, 𝑡) − 𝑢(𝑥, 𝑡))𝑑𝑦,
that is, the gradient flow of the energy

𝐸(𝑢) = 1
2𝑝 ∫ℝ𝑁

∫
ℝ𝑁

𝐽(𝑥 − 𝑦)|𝑢(𝑦) − 𝑢(𝑥)|𝑝 𝑑𝑥𝑑𝑦.

For results concerning this kind of equation, see [AVM-
RTM10]. There are striking differences between the local
and the nonlocal models due to the lack of compactness.
For example, for the local problem with 𝑝 > 2 there is
finite speed of propagation (for a compactly supported
initial condition the solutions are compactly supported
for every positive time, with a support that expands with
time); however solutions to the nonlocal model with a
nonnegative and nontrivial initial datum become positive

everywhere instantaneously. In addition, it is known that
the quotient associated with the first Dirichlet eigenvalue

𝜆1 = inf
𝐴

1
2𝑝 ∫ℝ𝑁

∫
ℝ𝑁

𝐽(𝑥 − 𝑦)|𝑢(𝑥) − 𝑢(𝑦)|𝑝𝑑𝑥𝑑𝑦

∫
Ω
|𝑢(𝑥)|𝑝𝑑𝑥

with 𝐴 = {𝑢 ∶ 𝑢|Ω𝑐 ≡ 0 and 𝑢 ∈ 𝐿𝑝(Ω)} is strictly positive,
but it is not known if it is attained (except for 𝑝 = 2, as
mentioned previously). Remark that when we take a mini-
mizing sequence, normalized by ∫Ω |𝑢(𝑥)|𝑝𝑑𝑥 = 1, we can
only extract a subsequence that is weakly convergent in 𝐿𝑝
and hence we cannot assert that ∫Ω |𝑢(𝑥)|𝑝𝑑𝑥 = 1 in the
limit. There is a lack of compactness that is due to the in-
tegrability of the kernel.

Another well-studied nonlinear diffusion equation is
the porous medium equation

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = Δ𝑢𝑚(𝑥, 𝑡).

There are also nonlocal analogues to this problem such as

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

ℝ𝑁
𝐽(𝑥 − 𝑦)(𝑢𝑚(𝑦, 𝑡) − 𝑢𝑚(𝑥, 𝑡))𝑑𝑦.

For this model with an integrable kernel we refer to [AVM-
RTM10] and with a singular one to [Váz14].
4.2. Equations that are not in convolution form. One
can also consider equations of the form

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

ℝ𝑁
𝐽(𝑥, 𝑦)(𝑢(𝑦, 𝑡) − 𝑢(𝑥, 𝑡))𝑑𝑦,

where the kernel is not in convolution form (even if we
assume that the kernel is symmetric, i.e., 𝐽(𝑥, 𝑦) = 𝐽(𝑦, 𝑥)).
This makes the Fourier transform useless, and new meth-
ods have been developed, inspired by energy considera-
tions; we refer to [IR09].

When the kernel is not symmetric, 𝐽(𝑥, 𝑦) ≠ 𝐽(𝑦, 𝑥), we
obtain possible analogues to a convection-diffusion equa-
tion, 𝑢𝑡 = Δ𝑢 + ⟨∇𝑢, 𝜉⟩; see [AVMRTM10].
4.3. Rescaling the kernel. The main goal now is to show
that local evolution problems for the heat equation (in the
whole ℝ𝑁 or with Dirichlet or Neumann boundary condi-
tions) can be approximated by suitable nonlocal problems
when the kernel is rescaled. More precisely, for a given 𝐽
and a given 𝜀 > 0 we consider the rescaled kernel

𝐽𝜀(𝜉) = 𝐶1
1
𝜀𝑁 𝐽 (

𝜉
𝜀 ) ,

with

𝐶−1
1 = 1

2 ∫𝐵(0,𝑑)
𝐽(𝑧)𝑧2𝑁 𝑑𝑧.

This 𝐶1 is a normalizing constant in order to obtain the
Laplacian in the limit instead of amultiple of it. Let 𝑢𝜀(𝑥, 𝑡)
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be the solution of

𝜕𝑢𝜀
𝜕𝑡 (𝑥, 𝑡) = ∫

Ω

𝐽𝜀(𝑥 − 𝑦)
𝜀2 (𝑢𝜀(𝑦, 𝑡) − 𝑢𝜀(𝑥, 𝑡))𝑑𝑦.

Our main result now reads as follows.

Theorem 13. Let 𝑢𝜀 be the solution to the nonlocal Cauchy,
Dirichlet, or Neumann problem with kernel 𝐽𝜀 and a fixed initial
datum 𝑢0. Under smoothness of the domain Ω and the data,
there exist positive constants 𝐶 and 𝛼 such that

sup
𝑡∈[0,𝑇]

‖𝑣 − 𝑢𝜀‖𝐿∞(Ω) ≤ 𝐶𝜀𝛼 → 0, as 𝜀 → 0,

where 𝑣 is the solution to the Cauchy, Dirichlet, or Neumann
problem for the heat equation with the same initial condition.

4.4. A probabilistic interpretation. The fundamental
works by Doob, Feller, Hunt, Kakutani, Kolmogorov, and
many others show the deep connection between classical
potential theory and probability theory. The main idea
behind this relation is that harmonic functions and mar-
tingales have something in common: the mean value for-
mulas. This relation is also quite fruitful in the nonlinear
case, and the tug-of-war games are a clear evidence of this
fact.

We have to mention the close relation between this
kind of evolution problem and probability theory. In fact,
when one looks at a Levy process ([Ber96]) the nonlocal
operator that appears naturally is a fractional power of the
Laplacian. This approach is out of the scope of this note,
and we refer to [App09] for a reference concerning the
interplay between nonlocal partial differential equations
and probability.

Although we are not dealing with probability issues in
this work, let us explain briefly why the concrete problem

𝜕𝑢
𝜕𝑡 (𝑥, 𝑡) = ∫

ℝ𝑁
𝐽(𝑥 − 𝑦)(𝑢(𝑦, 𝑡) − 𝑢(𝑥, 𝑡)) 𝑑𝑦 (9)

has a probabilistic interpretation. Assume that a particle or
an individual moves according to the following rules: the
particle carries a clock that rings at a random time with ex-
ponential distribution (a Poisson clock). When the clock
rings, the particle jumps from its actual position in space,
𝑥, to a different position, 𝑦, that is sorted with probability
density 𝐽(𝑥 − 𝑦). Assume that the initial position of the
particle is sorted according to a fixed distribution given by
𝑢0(𝑥), and take 𝑢(𝑥, 𝑡) as the probability density for the
particle at time 𝑡 > 0, that is, ℙ(particle ∈ 𝐸 at time 𝑡) =
∫𝐸 𝑢(𝑥, 𝑡)𝑑𝑥. Then, we have that 𝑢(𝑥, 𝑡) solves (9) with ini-
tial condition 𝑢(𝑥, 0) = 𝑢0(𝑥).

In more abstract terms we can also put all our previous
models into a general probabilistic framework. Let (𝐸, ℰ)
be a measurable space and let 𝑃 ∶ 𝐸 × ℰ → [0, 1] be a
probability transition on 𝐸. Then we define a Markovian

transition function as follows. For any 𝑥 ∈ 𝐸, 𝒜 ∈ ℰ, let

𝑃𝑡(𝑥,𝒜) = 𝑒−𝑡
+∞
∑
𝑛=0

𝑡𝑛
𝑛!𝑃

(𝑛)(𝑥,𝒜) 𝑡 ∈ ℝ+,

where 𝑃(𝑛) denotes the 𝑛th iterate of 𝑃. The associated fam-
ily of Markovian operators, 𝑃𝑡𝑓(𝑥) = ∫𝑓(𝑦)𝑃𝑡(𝑥, 𝑑𝑦), satis-
fies

𝜕
𝜕𝑡𝑃𝑡𝑓(𝑥) = ∫𝑃𝑡𝑓(𝑦)𝑃(𝑥, 𝑑𝑦) − 𝑃𝑡𝑓(𝑥).

If we consider a Markov process (𝑍𝑡)𝑡≥0 associated to the
transition function (𝑃𝑡)𝑡≥0, and if we denote by 𝜇𝑡 the distri-
bution of 𝑍𝑡, then the family (𝜇𝑡)𝑡≥0 satisfies also a linear
equation of the form

𝜕
𝜕𝑡𝜇𝑡 = ∫𝑃(𝑦, ⋅)𝜇𝑡(𝑑𝑦) − 𝜇𝑡.

In particular, for 𝐸 = ℝ𝑁 , if the probability transition
𝑃(𝑥, 𝑑𝑦) has a density 𝑦 ↦ 𝐽(𝑥, 𝑦), and 𝜇𝑡 has a density
𝑦 ↦ 𝑢(𝑦, 𝑡), then the following equation is satisfied:

𝜕
𝜕𝑡𝑢(𝑥, 𝑡) = ∫𝐽(𝑥, 𝑦)𝑢(𝑦, 𝑡) 𝑑𝜆(𝑦) − 𝑢(𝑥, 𝑡). (10)

With different particular choices of 𝑃 we recover the equa-
tion studied in the Cauchy, the Dirichlet, and the Neu-
mann cases. For example, if

𝑃(𝑥, 𝑑𝑦) = 𝐽(𝑦 − 𝑥)𝑑𝑦
is the transition probability of a random walk, equation
(10) is just our nonlocal equation (9).
4.5. Nonlocal geometry. One can define a notion of non-
local perimeter of a set 𝐾 as

𝑃𝑒𝑟𝐽(𝐾) = ∫
𝐾
∫
𝐾𝑐
𝐽(𝑥 − 𝑦) 𝑑𝑥𝑑𝑦.

Associated with the variations of this notion of perimeter
one has a nonlocal curvature for a point 𝑥 ∈ ℝ𝑁 . Just
consider

𝜅𝐽(𝐾)(𝑥) = ∫
ℝ𝑁

𝐽(𝑥 − 𝑦)sign(𝜒𝐾(𝑥) − 𝜒𝐾(𝑦)) 𝑑𝑥𝑑𝑦.

Associated to this curvature one can study a geometric evo-
lution of a set (a nonlocal curvature flow). See [CF17] for
singular kernels and [MRT19] for integrable kernels.
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Algebraic Geometry ONline) during the weekend of April 
18–19, 2020. WAGON was a virtual version of the biannual 
regional conference WAGS (Western Algebraic Geometry 
Symposium), which has been running regularly since 2002 
and whose origins date back to 1989. The spring 2020 
WAGS was originally planned to be hosted at Pomona Col-
lege but was postponed due to COVID-19. In this article, 
we provide a recap of WAGON as well as a guide for other 
virtual conference organizers.

1. WAGON Recap
1.1. Format
WAGON consisted of two 1-hour plenary lectures, six 
20-minute lectures, two panels, and various social events. 
The lectures and panels were hosted on a Zoom Webinar 
1000 license, generously provided at no cost by Stanford. 
The social events were hosted on participants’ Zoom ac-
counts and will be described in more detail below. The 
conference required zero funding and was free to attend. 
Recordings of the lectures and one of the panels were made 
available online afterward.

1.2. Participation
WAGON had over 1,000 registered participants, with a 
large international representation (as some indication, the 
conference website was visited from 63 countries during 
the weekend). Every event had hundreds of attendees; 
for the opening lecture by János Kollár at 9 am (PDT) 
Saturday morning, 725 people logged on through Zoom. 
In comparison, the normal WAGS events draw 100–120 
participants, and the conference AMS Summer Institute in 
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Figure 1.  Opening lecture by János Kollár.
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Overall, the social events were very well received, and it 
was striking to witness how much people enjoyed seeing 
each other and reconnecting. Several junior participants 
reached out to say that the social events were their favorite 
part of the conference. It was particularly helpful to have 
speakers host tables after their talks, because it afforded a 
great opportunity to ask questions.
1.5. Organization
We organized WAGON quite quickly: the conference was 
put together in three to four weeks. Organizing WAGON 
was substantially different from organizing a regular con-
ference. It required much less upfront work (e.g., flight 
and hotel reservations). Speakers were quicker and more 
likely to accept invitations. That said, there were some 
additional organizational burdens, for example, the new 
necessity of technology dry runs with each speaker before 
the conference. And WAGON required substantially more 
work during the conference itself—operating Zoom, con-
trolling recording, controlling spotlight video, monitoring 
chat, monitoring Q&A, and looking for hands raised. In 
all, it required a greater degree of multitasking during the 
event, and the organizers could not sit back and enjoy the 
conference like attendees.

2. A Guide for Organizing Your 
Own Virtual Conference
2.1. Format
Think carefully about the number and the length of lec-
tures. Anecdotally, many people seem to find virtual talks 
more exhausting than in-person talks, so it is worth con-
sidering fewer or shorter talks than might be appropriate 
for an in-person conference. Consider also how accessible 
your schedule is to participants with outside commitments. 
With travel out of the picture, for example, the conference 
can more easily be held during the workweek.

Consult with all of the speakers in advance about how 
they will deliver their virtual lecture, and schedule a brief 
practice session. If they are using slides, we recommend 
asking speakers to provide them in advance of the talk, as 
it is extremely effective for participants to be able to look 
back to catch definitions and terminology.
2.2. Diversity and Inclusion
As with an in-person conference, be conscious to choose 
a diverse set of speakers including from underrepresented 
groups. Keep in mind that the digital format means that 
you may be able to find speakers that typically may not be 
able to attend due to personal obligations or large travel dis-
tances. When advertising the conference, consider reaching 
out to a broader network of communities and institutions 
than you may have in the past. This opportunity can be 
leveraged to bring new diversity.
2.3. Audience Interaction
At WAGON, there were several ways for participants to ask 
questions:

Algebraic Geometry, hosted once a decade, had 727 regis-
tered participants during the three-week 2015 iteration in 
Salt Lake City.

The conference was advertised widely on the usual 
mailing lists and conference websites, as well as more 
recent innovations like mathseminars.org. The massive 
participation reflects the low barriers to participation, with 
no travel and no costs necessary.
1.3. Panels
The two panels—“Work-life balance while social distanc-
ing” and “COVID and the profession”—were very well 
attended and received. The panelists had a challenging task 
of addressing a large, diverse audience overwrought with 
anxiety in uncertain times.

There were some real concerns from participants about 
how these (admittedly very difficult!) topics were ad-
dressed. While the perspective and experience of senior 
leaders is invaluable, even the best-intentioned encourage-
ment and advice can’t really address the anxiety that young 
people are feeling right now.
1.4. Social Events
One of the most valuable aspects of an in-person confer-
ence is organic socialization—meeting new people at coffee 
breaks, reconnecting with friends over lunch, getting advice 
from an expert, and forming new collaborations. This is 
also the most difficult aspect of a conference to replicate vir-
tually, but given its value and the lack of other options right 
now, we decided to experiment in simulating it virtually.

To approximate the social experience of a conference, 
we asked a range of people (senior colleagues, graduate 
students, postdocs, an NSF program officer) to host their 
own Zoom table during a coffee break, lunch break, or 
reception. Links to these rooms were posted in a shared 
Google Doc. As participants entered and exited each table, 
we asked them to put their names on the Google Doc, so 
people could “scan the room” to find their friends or an 
expert to pose a question to. In reality, the lists of partici-
pants at some tables were regularly updated while others 
were not.

Figure 2. Covid and the Profession panelists, clockwise from 
top left: Ravi Vakil (moderator), Caroline Klivans, Brendan 
Hassett, Bianca Viray.
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consider using an external chat client (e.g., Discord or 
Slack), as Zoom’s chat window is very low-featured.

We recommend having several conference organizers 
due to the live multitasking required during the event. We 
also recommend that organizers create a private chat chan-
nel to communicate quickly during the conference, which 
ideally can be accessed on either a computer or a phone.
2.4. Technology and Data
There are various virtual platforms available commercially, 
including Zoom, Blue Jeans, and Google Meet, which 
may be provided through your university. If you choose a 
commercial option, be attentive to how the software host-
ing the conference handles the data. For instance, Zoom  
webinars record detailed information about the exact times 
every participant attends, while Zoom meetings do not. We 
recommend that the data not be viewed or shared even by 
the organizers. While some open-access alternatives exist, 
they do not currently rival the functionality and prevalence 
of, say, Zoom. As other hosting products become available, 
we recommend considering their data policies in your 
decision.

We recommend that you carefully configure the host-
ing software’s security settings and, in particular, disable 
screensharing for participants. Several online mathematical 
events have already been interrupted by “Zoombombers.” 
We found that requiring advanced registration was enough 
to deter them, however.
2.5. Social Events
Consider beforehand whether you want to include social 
events. The format of the social events may depend on the 
number of participants; for example, a small event could 
use Zoom’s “breakout rooms” feature.

At WAGON each social event had 6–8 tables, each with 
5–25 participants. We had also hoped as some tables got 
crowded that additional tables could be created dynami-
cally by participants to meet the demands and interests of 
our diverse audience. While this did work somewhat effec-
tively, we encountered the unexpected technical issue that 
Google prevents more than 100 people from simultane-
ously editing a Google Doc. And some junior participants 
were intimidated to join a table full of either strangers or 
senior researchers—it’s worth considering how to make 
one’s social events as welcoming as possible.

We view our experience as only a first attempt at sim-
ulating the social component of conferences. There are 
clearly better ways to structure such events. We would like 
a platform where users join a virtual event space, see a list 
of people currently there, and can organically chat with 
others and form groups. Surely math conference organizers 
are not the only ones in need of such a product, and there 
are hopefully people building it right now.
2.6. Recordings
If speakers are open to it, we strongly encourage recording 
talks and other events. This increases the accessibility of the 

 • Chat: We encouraged participants to use this pri-
marily to ask questions of other participants, and 
there was a lively discussion throughout most 
talks. In addition, the organizers generally kept 
an eye on the chat and scanned for interesting 
questions for the speakers.

 • Q&A: The Zoom webinar format allows partici-
pants to write questions which are visible to only 
the speaker or panelists. The Q&A was moderated 
by the organizers.

 • Hand-raising: Zoom allows attendees to “raise 
their hand,” after which an organizer can unmute 
them so they can ask a question verbally.

During the plenary lecture, the organizers occasionally 
interrupted the speaker to forward a question from chat, 
Q&A, and hand-raising. During the shorter 20-minute 
lectures, questions were held until a reserved 5-minute pe-
riod at the end. We found that all of these features worked 
well, though they required significant monitoring from a 
moderator.

Think carefully about whether you want a participant 
chat window. The fact that chat may be distracting to some 
should be balanced against the fact that it provides a pow-
erful tool for participants to ask questions (to the speaker 
or others) and gives the audience a voice. You might also 

Figure 3.  Two examples of lectures: Juliette Emmy Bruce (top) 
and Claire  Voisin.
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How Do I…Develop an 
Online Research Seminar?

Henry Adams

Developing an online research seminar requires work, 
trial and error, and the willingness to experiment with 
something new. There are multiple benefits to running a 
research seminar online:

 • an online seminar is accessible to a more diverse 
audience across the globe, especially if some of 
the seminars are recorded and made publicly 
available;

 • an online seminar is a cost-effective way to share 
research ideas without negatively impacting cli-
mate change; and

 • an online seminar brings together members of 
a community who otherwise might not interact.

Due to the COVID-19 pandemic, in early 2020 it became 
necessary to run a research seminar online if one wanted to 
run a seminar at all. Out of necessity, mathematicians will 
be gaining more experience with communicating online. 
Though some benefits of online seminars are clear during 
a time of social distancing, we emphasize that other ben-
efits are lessened: accessibility of an online seminar is not 
shared equally during a global pandemic, perhaps not by 
those in a caretaking role, not by those taking on additional 
jobs, not by those volunteering to serve, and not by those 
without consistent access to the internet.

This article is divided into three sections: my tips for 
running an online research seminar, a description of the 
Applied Algebraic Topology Research Network (AATRN) 
seminar that Sara Kalisnik and I codirect, and links to other 
online seminars and resources.

1. How Does One Run an  
Online Research Seminar?
Here are my tips for running an online research seminar.

Host an interactive seminar that audience members 
can join live. Many audience members prefer to watch a 
live talk in which they can unmute themselves and interrupt 
the speaker with a question. Those without a microphone 
can also type questions into a chat window; it is your job as 
the moderator to ask these questions aloud to the speaker 
(who may not otherwise see them).

Post recorded seminar videos publicly. If the speaker 
gives you permission, it is a good idea to record the talk 
and post it online. Every platform for hosting videos has 
its own pros and cons, but two advantages of YouTube are:

content of the conference to those occupied with childcare 
or other commitments. Be very clear and upfront with 
speakers and other presenters about whether events will 
be recorded and how the videos will be handled. Some 
speakers prefer not to be recorded; at WAGON we were 
largely able to ameliorate these concerns by providing the 
option to record talks and post them only temporarily (say, 
for three months after the conference).

Keep in mind the possibility of making the videos avail-
able only to the registered participants or making them 
password protected. Zoom provides the option to record 
the lectures on either the cloud or your local computer.
2.7. Reflections on the Future
We hope that this document can provide a starting point 
for a community-wide discussion of best practices in online 
conferences. While we are certain that online events can 
(and will) never replace in-person meetings, we also hope 
that the lessons learned here will be useful post-COVID. 
The real benefits of the online format should not be over-
looked—especially its ability to include those who might 
otherwise not be able to attend in-person conferences. The 
fight against climate change may require some proportion 
of conferences going forward to be held virtually. One take-
away from WAGON was the real need in the mathematical 
community to actively participate in virtual conferences 
now, even if they are an imperfect substitute for in-person 
conferences.

Credits
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of experts, or a broad group including students and faculty 
from related areas?

Do your best to build community. Building commu-
nity online is not easy and takes persistence. Clapping at 
the end of each talk helps—audience members are very 
appreciative of the work the speaker has put in to give an 
online talk. It is fantastic if a group of folks log in together 
from a videoconferencing room at their home institution.

Are themes appropriate for your seminar as a way to 
build continuity? The VaNTAGe virtual seminar2 is focused 
on open conjectures in number theory, and has been orga-
nizing 4–5 talks on each conjecture.

Technical issues will arise, but you will outgrow 
your fear of them. Your biggest worry at first will likely 
be regarding technical difficulties. Eventually, that worry 
will dissipate: you will have moderated enough online 
seminar talks to give you the confidence that even if this 
present talk gets disrupted, your audience will forgive you. 
Consider arranging a way to contact the speaker should 
technical difficulties arise on the day of the talk. The most 
frequent issue I see is that the speaker’s wifi connection is 
not stable (a videoconferencing test with the speaker the 
week before helps). In this case, ask all audience members 
to turn off their video. Once for the AATRN seminar, a 
speaker (understandably) arrived an hour late to their talk 
since their country did not practice daylight saving time. 
I waited for ten minutes before canceling that day’s talk 
and rescheduling it, and I now communicate time zones 
with more care around daylight saving transitions. Taking 
turns moderating talks with a friend helps; if they’re in the 
audience, they can step in as moderator should any diffi-
culties arise on your end. At most one in every ten talks will 
be partially disrupted by technical issues, and when this 
happens your audience will understand.

Think about inclusivity. A regular meeting time is 
helpful for building an audience and community, but 
adjust that meeting time for speakers whose time zone is 
incompatible. We are proud that the AATRN seminar has 
recruited speakers who were not yet part of the applied 
topology community, and that gender representation has 
improved at our seminar over the last few years. We would 
like to do a better job of promoting diversity along other 
axes. For example, YouTube has tools available for closed 
captioning (creating subtitles), though we have not yet 
experimented with these. Recently, we have increased our 
audience by hosting not only cutting-edge research talks, 
but also introductory tutorials.

2. The AATRN Seminar
I’d like to share the story of only one online seminar, the 
one I know best. How did the Applied Algebraic Topology 
Research Network (AATRN) seminar3 come to be?

 • YouTube videos are easy to find and hence your 
viewership will increase, and

 • YouTube automatically tracks viewership statistics.
The AATRN seminar, for example, has over 1,000 You-

Tube subscribers, over 150 hour-long videos, and over 12 
hours watched per day. Recorded videos improve accessibil-
ity for those whose time zones are incompatible with the 
time of the live seminar, as much of your videos’ viewership 
will not be from your country.

Give the speaker instructions. Meet with each speaker 
the week before their talk in the videoconferencing service 
you’re using. A week provides time to find solutions if 
technical difficulties arise. Have the speaker share their 
screen—slide talks or tablet talks work the best, unless the 
speaker has a camera they know is good enough to capture 
a chalkboard or whiteboard. For slide talks, tell the speaker 
that we can see their cursor, and hence they can use it as a 
pointer on occasion. Tell the speaker they have (say) fifty 
minutes, with time for questions at the end. Ask the speaker 
if you have their permission to record the talk and post it 
online, and make sure you know how to pronounce their 
name correctly! An important aspect of this meeting is 
seeing if the speaker’s wifi connection is stable.

Give the audience instructions. Immediately prior to 
each talk, my codirector or I say the following:

Welcome everybody; thank you for joining our 
online seminar today. Upon entering you are 
all automatically set to be muted, but please 
unmute yourself to ask a question. Alternatively, 
if you don’t have a microphone, you can type a 
question in the chat window which I will then 
read aloud to the speaker. Without further ado, 
let me start the recording and then I’ll introduce 
our speaker! [Start recording.] It is my pleasure 
to introduce Jane Doe, from Sacramento State 
University, who today will tell us about Estimat-
ing Fractal Dimensions.

At the end of the talk, I ask all audience members to 
unmute themselves to clap for the speaker. I then ask for 
further questions, before stopping the recording and saying 
goodbye.

Interrupt the speaker every fifteen minutes. If you have 
ever given an online talk, then you know how uncomfort-
able it is to feel like you are talking to yourself for an hour! 
I warn speakers that they should expect this awkwardness, 
and that it is normal. I try to combat this feeling with peri-
odic questions, so that the speaker knows the audience is 
still present. If fifteen minutes pass and nobody has asked 
a question, I will interrupt to ask a clarifying question 
(whether I have a burning question or not).

Find a committed audience. For the first semester of 
your seminar, find a committed base of 5–10 people who 
will attend the majority of the talks. Until you know your 
audience better, it is comforting to have a lower bound on 
the number of attendees. Is your audience a targeted group 

2https://sites.google.com/view/vantageseminar
3The homepage for the AATRN seminar is available at https:// 
topology.ima.umn.edu/seminars, and our YouTube channel is linked 
within.

https://sites.google.com/view/vantageseminar
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before they go on the job market, and to record short talks 
in the fall by undergraduate students before they apply to 
graduate schools.

3. Links
See https://researchseminars.org/ for an incomplete 
but growing list of online mathematics seminars.

Credits
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No Going Back, 
Only Going Digital

Chloe Urbanski Wawrzyniak

Entire industries are being flipped on their heads by the 
actions being taken to slow the spread of COVID-19, and 
higher education is certainly no exception. University 
administrators, departmental leadership, and individual 
instructors have had to answer complicated questions in 
a matter of days, all while learning new technologies and 
communicating remotely. I cannot put into words how 
humbled and impressed I am at the work of colleagues 
across the world and at every level of education to ensure 
that our students can keep learning in this time of crisis.

When the dust finally settles on this pandemic, that work 
will change the way we think and talk about education 

In 2013–2014, the Institute for Mathematics and its 
Applications (IMA) hosted a thematic year on Science and 
Engineering Applications of Algebraic Topology. Near the 
end of this successful thematic year, then-IMA director Fadil 
Santosa had the good idea to maintain the community on-
line. AATRN founding director Peter Bubenik created and 
led the network, with the help of community volunteers 
and IMA staff. The live online seminar became AATRN’s 
flagship program, with twenty-one talks in its first academic 
year, 2014–2015. The seminar benefited greatly from having 
an audience base of thematic year attendees.

In 2017, a year after I joined as AATRN codirector, it 
became fiscally unwise for the IMA to fund our $100-per-
month WebEx videoconferencing license. We moved all 
of our publicly available videos from the WebEx website 
to YouTube. Posting our videos to YouTube accidentally 
led to a revival for our seminar. Before the transition to 
YouTube, I was concerned about the size of our live audi-
ence, which had been decreasing since the energetic first 
year. I questioned if my time running the seminar was 
well spent. However, I was heartened after the number of 
hours watched on YouTube quickly exceeded those by live 
attendees, and the number of YouTube subscribers quickly 
exceeded the number of AATRN email list members. I now 
justify the time that I spend on the AATRN seminar not 
based on the live interactive audience, but based on the 
viewership for our recorded videos. We have also helped 
in-person conferences record their talks or post them to 
YouTube, and we invite conference organizers to contact 
us if they are interested in doing this.

The main cost of an online seminar is the videocon-
ferencing license, along with the time volunteered by its 
organizers. AATRN currently survives without a budget or 
funding, but with the gracious support of the IMA and Col-
orado State University. After stopping our WebEx account, 
we were fortunate to move to a Zoom videoconferencing 
license, which can host up to 1,000 audience members, 
made freely available to us by the Department of Math-
ematics at Colorado State University. We are fortunate to 
receive website support from the IMA and its staff. We have 
not blocked off time to apply for grants, but we predict that 
grant applications that fund online research seminars will 
be increasingly successful going forward, given new realities 
due to the COVID-19 pandemic. Ideally, additional funding 
beyond the cost of a videoconferencing license could allow 
an online seminar to fund a student to

 • run the videoconferencing tests with the online 
speakers,

 • post the recorded talks to YouTube,
 • edit YouTube’s automatically generated subtitles, 

and
 • make recordings of live talks at conferences they 

attend (with the speaker’s permission).
Another idea we would like to try with AATRN is to re-

cord talks over the summer by PhD students and postdocs 

Chloe Urbanski Wawrzyniak is a lecturer at the University of Kentucky. 
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The rising cost of college is still a challenge for many of 
our students, and the cost of course materials only adds 
to that burden. Using free resources for class can ease the 
stress our students are facing and ensure that everyone 
has access to the materials, regardless of their ability to 
pay. Additionally, if you are already using other materials, 
providing links to OER sites gives students more options 
for additional practice and review.

Universal Design for Learning
Many of us have had students with accommodations for 
disabilities, most commonly extra time on exams. Although 
it is vitally important that these accommodations are still 
met in our online courses, I’m going to focus in this section 
on how these considerations can help everyone. This is a 
concept often referred to as Universal Design for Learning 
(UDL).

My favorite example of UDL is adding captions/subti-
tles to videos, which is becoming increasingly relevant in 
the online format. Any instructor who has a student with 
a hearing disability would be required to add captions to 
any assigned videos. Most universities, however, strongly 
encourage all instructors to include captions on every video 
because they can be beneficial to everyone. For example, 
English language learners already face many barriers in US 
universities, especially in lectures. Additionally, a student’s 
environment can have an impact on their ability to listen 
to videos. Noisy study spaces, not having headphones, or 
needing to listen for a child or an elderly or sick family 
member can all make listening to videos challenging. 
Ensuring that your videos are captioned goes a long way 
towards supporting these students in being able to easily 
access the course content.

Your institution’s disability services office will have 
resources on UDL. Use these resources to consider small 
changes in the course design, content delivery, and website 
that would increase accessibility for all students. Although 
we are all in extenuating circumstances now, we never know 
what might be going on in students’ lives even when we get 
back to face-to-face instruction. Small adjustments on our 
part may go a long way towards leveling the playing field for
all of our students.

Active Learning
A myriad of fantastic articles on the benefits of active 
learning already exists, so I won’t rehash all of those points 
here. I do, however, want to highlight two benefits that are 
especially helpful in online classes: student feedback and 
interaction.

In a face-to-face course, we can see our students in the 
room with us, and we can see their body language and fa-
cial expressions. While this can sometimes be ambiguous 
or misleading, it can provide some feedback if something 
has gone horribly wrong or whether students have got-
ten distracted. In our online courses, we don’t have that  

forever. This article is an invitation to step back from the 
chaos and reflect on all that we have learned in this process. 
There is no going back after an event like this. We can only 
go forward, and in large part, that means going digital.

Access to Technology
For many of us, the easiest way to move our face-to-face 
courses online was to live-stream our lectures using a vid-
eoconferencing platform. This is referred to as a “synchro-
nous” online learning model. For more interactive classes, 
the same platforms could be used to facilitate discussions. 
Taking full advantage of these platforms, however, can 
require access to technology that many students may not 
have at home: a computer or laptop, reliable high-speed 
internet, and a camera/microphone for discussions.

Even if most students have access to these things, we 
have a responsibility to provide the same access to resources 
and discussion opportunities to everyone. Solutions could 
include providing phone numbers to call into the synchro-
nous class meetings, recording the sessions for students to 
access later, and providing detailed lecture notes as PDFs on 
the learning management platforms. More flexible online 
course designs include opportunities for “asynchronous” 
participation: tasks that students complete on their own 
time rather than requiring logging in at a specified time. 
Examples of asynchronous activities include discussion 
boards and prerecorded videos with embedded quiz 
questions.

Technology provides many opportunities to enhance 
the learning in our face-to-face classes, but student access 
issues will still remain when we return to campus. When 
adding technology to your classes, be keenly aware of what 
students have access to, and wherever possible provide 
resources for students to obtain them at low or no cost. 
Most schools have an office that provides such resources 
to low-income students, and on-campus libraries and com-
puter labs provide technological resources that students can 
access for work done outside of class.

Open Educational Resources
Open Educational Resources, or OER, refers to free online 
learning resources that you can use to enhance your classes. 
These include content resources such as OpenStax, Khan 
Academy, and MathIsPower4U, as well as graphing and 
computing tools such as Desmos and Wolfram Alpha. For 
online courses, these are invaluable resources, but all the 
benefits of OER will still remain when students return to 
campus.

For students traveling potentially long distances to go 
home, online resources can mean the difference between 
having access to the course materials and leaving them at 
school. In traditional face-to-face courses, the flexibility of 
online resources allows students to easily access the course 
materials from anywhere, opening up more opportunities 
for practice and study.
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a fresh approach to assessing your students that prevents 
academic dishonesty by the tasks it asks of students, rather 
than by the arrangement of the classroom and careful watch 
of proctors.

Maintaining a Digital Presence
In an online environment, your course website is now the 
face of the class. Whether it is on your personal website 
or through a Learning Management System (LMS) like 
Canvas or Blackboard, this is now the only way you can 
organize and present not only the course content but also 
the logistics of how the course will be run.

Online teaching techniques can be deployed in all kinds 
of shorter situations, such as when the weather makes 
traveling to campus dangerous or when you are away at a 
conference. These tools and skills that you have developed 
can be quickly implemented for a class meeting or two in 
order to provide continuity of learning, even when other 
forces make face-to-face instruction difficult or impossible. 
A robust digital presence for your course would be essential 
in making such a quick change happen successfully.

Even in a traditional fully face-to-face course, people 
are increasingly accessing the world through the internet. 
Young students, especially, view the internet as an integral 
part of life, rather than just a useful tool. These students 
will be looking online for resources and information. 
Maintaining a digital presence for your courses will help 
you to meet students where they are at.

Credits
Author photo is courtesy of Chloe Urbanski Wawrzyniak.

benefit. Perhaps with a particularly small course, you can 
allow students to use their cameras, but even then, not every 
student will have one and not every student who has one 
will want to turn it on. Asking questions of your students 
throughout the lecture provides you with a sense of their 
attention and understanding. Most videoconferencing plat-
forms have polling features, which prompt all students to 
reply to a multiple-choice question. This feature mimics the 
student response systems, sometimes called clickers, that 
many institutions already use in their face-to-face courses. 
These systems are gaining popularity for a reason. If you’ve 
enjoyed the feedback you get from polling your online 
classes, consider adding them to your face-to-face classes.

Online learning and online teaching can be incredibly 
lonely, especially with social distancing added on. Friends 
and colleagues are getting creative with virtual happy hours 
and synchronized movie watching.

Your students need this interaction as well in order 
to maintain engagement in the course. Turning on your 
camera while lecturing and using the polling features can 
already start to provide that engagement. More advanced 
features such as breakout rooms and group discussion 
boards provide students with even more opportunities 
to engage with each other in small settings and give you 
a chance to engage with them when you check in on the 
groups. These options can be easily recreated in a face-
to-face setting by giving students problems to work on in 
groups during class time, or with more advanced activities 
such as jigsaw groups.

Assessment and Academic Integrity
Although instructors have access to digital tools that help 
to ensure the integrity of online exams, these just are not 
equipped to handle the scale of online assessment we are 
now seeing. Even in the tightly controlled environment 
of in-person exams, preventing students from using un-
authorized help is quickly becoming an arms race. The 
increasingly ubiquitous nature of personal technology 
is only making that more challenging, and the move to 
online instruction has made it near-impossible to prevent 
academic integrity violations.

We can’t possibly win the arms race in this environment, 
so disincentivizing academic dishonesty and rethinking 
how we assess students are our only options. For example, 
by having oral or other explanation-based components 
to the exams, instructors can get a better sense of student 
comprehension and make it more challenging to cheat. 
Other instructors are moving towards assigning longer 
projects rather than high-stakes tests. These give students 
an opportunity to try an interesting application, tie together 
topics in a course, or show their creativity and personality 
in how they demonstrate the knowledge they’ve gained.

Although we have more tools at our disposal for stop-
ping cheating during in-person exams, the benefits of these 
more creative assessment options will remain. Consider 

Chloe Urbanski  Wawrzyniak
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To anchor these larger lessons, let us use inspiration 
from well-known Pixar films. From The Incredibles, my 
favorite soccer mom superhero, Elastigirl, can stretch and 
morph her body into any form imaginable. I presume she 
is a topologist. When transporting her family, she takes on 
shapes of parachutes and boats, and when dominating fight 
scenes, she takes on shapes of slingshots and cannonballs. 

A flexible math instructor can try to be a parachute 
protecting a student’s grade from a crash landing, or a 
trampoline to springboard new mathematical inquiry. In 
your experiences, I hope you noticed faculty bending their 
plans with grace, modeling the larger lesson of flexibility.

Just Keep Teaching
Sometimes circumstances beyond your control will change 
your direction, will limit your progress, and/or will cause 
confusion. It might be years before this happens again on 
such a grand scale as COVID-19, but bumps in the road 
can happen on smaller scales too, within departments or 
within families, for example. As trivial and trite as it may 
sound, when such constricting circumstances surprise you, 
try to orient yourself toward your teaching goals, and just 
keep teaching. 

In a climactic Finding Nemo scene, a school of fish is 
captured in a fisherman’s net. Nemo champions his new 
tank-learned wisdom about teamwork, and Dory chants 
her just-keep-swimming lesson about resilience. Marlin, 
formerly pessimistic “Mr. Grumpy Gills,” is now a believer 
and cheers for the school to pull the net and break free. In 
similar ways, when ensnared in COVID-19 complexities, 
the broad community of mathematics instructors worked 
through some initial disorientation, began communicating 
with one another more openly, and began combining their 
efforts toward teaching mathematics online. Professional 
organizations and institutional leaders offered support 
and resources, with acceptance of ed-tech learning curves, 
but all while coaching resilience with “Just keep teaching.”

In this online teaching crisis, you may have heard ad-
ministrators and faculty openly discussing lowering the 
bar for their own expectations of excellence, admitting that 
change of this magnitude can be disruptive to teaching and 
learning. While this discussion might have mitigated some 
instructors’ anxieties, the inner perfectionist dominated 
most instructors, and faculty fiercely debated the pros and 
cons of asynchronous instruction, splitting hairs over what 
should be called “best practices” for teaching online. Each 
instructor needed to make decisions about what made 
sense for them, their students, and the mathematics they 
teach. Each person had to figure out what it should look 
like to “just keep teaching,” even in a pandemic. Resilience 
is often valiantly flawed and beautifully imperfect, but it 
doesn’t give up.

Larger Lessons of a 
Pandemic: Anchored 
in Pixar Films

Jeneva Clark

What lessons can be learned from the COVID-19 higher 
education transition to online learning? In a mad dash for 
hand sanitizer and online teaching tutorials, what did you 
notice, and how can that inform your teaching career in 
meaningful ways?

Of course, all instructors had to learn about educational 
technology—how to minimize chat boxes, share screens, 
and troubleshoot lockdown browsers. However, those 
how-to’s are temporary. There are larger lessons to take 
away, which will outlive this pandemic and the next. In 
this article, I invite you to pause and notice some of those 
larger lessons.

Elasti-Teaching
On occasion, every so often, just when math professors 
think they have it all figured out, an unexpected phenom-
enon comes along and humbles everyone. COVID-19 did 
just that. With most institutions switching to online de-
livery mid-semester, all instructors were forced to quickly 
adapt their courses. This crisis revealed one of the most 
important, but often forgotten, attributes of teaching: 
flexibility. 

Instructors’ perfectionism often overshadows flexibility. 
When you look at a mentor, you might usually see detailed 
forethought. After all, high-quality instruction is rightly 
thought to be well planned and well executed. Some sea-
soned professors have all course content paced, sequenced, 
revised, and edited before a semester even starts. You might 
typically have few opportunities to see how mentors han-
dle necessary, substantial, and unexpected change, like the 
change that was thrust upon them by this coronavirus. 

Many mathematics professors prepared pencil-and-pa-
per exams, but suddenly, with COVID-19’s impact, no 
longer had the face-to-face time to administer those exams 
in a simple way. Proctoring a paper exam online, with tradi-
tional security measures, could take mastery of several plat-
forms: videoconferencing, learning management systems, 
email, cameras, and Cloud storage. Some faculty mastered 
needed platforms, and some faculty flexibly restructured 
their assessments to streamline and simplify demands.

Jeneva Clark is a distinguished lecturer and graduate student mentor in 
the Department of Mathematics at the University of Tennessee, Knoxville. 
Her email address is dr.jenevaclark@utk.edu. 
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Turning a Zoom Talk 
into a Live Talk

François Bergeron

1. Introduction
In these times of generalized restriction on international 
travel, which will probably be in place for several months, 
most mathematical meetings are currently being organized 
in virtual presence mode. We all have had to adapt and 
discover how to give lively and interesting talks notwith-
standing. Many tools are available for this, among which 
Zoom seems to be somewhat prevalent. It appears that it 
has escaped notice that one of its features makes it possi-
ble to reproduce a talk-style typical of the meeting that we 
usually attend in “live mode.” In short, this is simply to 
use its Virtual Background feature as a projecting device for 
slides. One can even go from one slide to the next using 
either the arrows on a keyboard or a clicker. In this way, in 
a Zoom meeting, the speaker can stand in front of his/her 
slides and point at them in real time, just as usual.

2. About Zoom Meetings
By this time many of you have probably become Zoom 
meeting wizards. For the others like me who are still 
learning, here are a few reminders. The organizers of the 
meeting decide on many options for the meeting, and 
you have to make sure that you understand these and that 

You Are a Human!
For face-to-face classroom interactions, there is an inher-
ent social structure. Before you walk into the classroom, 
everyone is just a human, but once in a classroom, the 
instructor largely influences the environment. There is an 
expected default; the instructor uses an understood author-
ity to establish classroom norms, and the students follow. 
However, each online learning environment is a function of 
shared responsibility, as each student must exercise control 
over their own physical space, managing their distractions 
and attention. In contrast, no one’s cat has ever caused a 
disruption in a face-to-face mathematics classroom. When 
teaching online, however, feline interference falls squarely 
within expectation. 

Remember when Buzz Lightyear talked to Star Com-
mand in Toy Story? Woody yelled back, “You are a toy!” 
Online instruction does not eclipse human interaction. 
Before ever entering the classroom, or the teleconferencing 
format, teachers and students are just humans. You are a 
human! Please show your humanness even when teaching 
online. That might mean you show empathy, that might 
mean you give inspiration, or that might mean cats occa-
sionally share your spotlight and it’s OK. 

Trenholm, Alcock, and Robinson [Tre16] interviewed 
instructors, asking them to compare online to face-to-face 
teaching. They then sorted out potential advantages and 
disadvantages to online teaching. One instructor described 
that in a face-to-face class, it was easier to keep students’ 
attention because they simply needed to prevent students 
from “tuning out;” whereas, in an online course, the in-
structor felt the need to first somehow get students to “tune 
in,” which was a more difficult task. This difference most 
likely lives in instructor perceptions and stems from feeling 
less control over this new shared learning environment. 

If instructors do feel more pressure in an online envi-
ronment to hook students’ interest through engagement, 
then it may be an impetus for implementing active-learning 
teaching strategies. However, before calling Star Command 
for all the fanciest new technology, remember that you 
are a human. Connecting and communicating with your 
students might be all you really need.

Conclusion
In summary, I invite you to reflect on your lived experiences 
through the recent mass transition to online learning. Con-
sider what lessons may have longevity. In a few decades, 
when you pass on pedagogical lore to a new generation of 
faculty, what tale will you tell of 2020? Some may brim with 
success stories and describe it as flying, but others may liken 
it to “falling with style.” Regardless, I hope we can all notice 
larger lessons of flexibility, resilience, and humanness, and 
I hope these lessons follow you to infinity and beyond.

Jeneva Clark

François Bergeron is a professor in the Département de Mathématiques, 
Université du Québec à Montréal (UQAM). His email address is bergeron 
.francois@uqam.ca.
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settings, you should then select the option saying that you 
do “have a green screen,” irrespective of the actual color of 
your background. There is a sampling tool that then (and 
only then) becomes available below your image. It looks 
like a small oval with green in the middle. When you select 
it, you get a crosshair cursor which enables you to click on 
a portion of your monitor screen that corresponds to the 
actual background color being replaced by your Virtual 
Background. Trial and error will guide you here.

One current caveat is that Zoom may lose the order of 
selection of slides when shut down, especially if one mixes 
movies and images. Thus, you may have to set things up 
again, a little while before your talk, and keep Zoom open 
while waiting to give your talk. Here is a link to a talk of 
mine that was set up this way: https://www.youtube 
.com/watch?v=aArPzxkaVy4. One of my mistakes here 
was that I did not have an image of myself displayed by 
Zoom sitting just below my camera, as I recommend you 
should do. Thus I often appear to have my eyes closed 
because of where the screen I was watching was located.

I wish you great success with your next virtual talk.

Credits
Author photo is courtesy of Coeur des Sciences/Pierre-Luc 

Daoust.

it works with what you intend to do. Since one of these 
options is to enable or not the Virtual Background feature, 
you have to make sure that the organizers have it enabled. 
Also, Zoom has an algorithm that decides which image is 
currently displayed on participants’ screens. Mostly, this 
is based on sound, which may be individually muted or 
not. An unmuted participant who simply coughs may 
thus become the displayed image on all screens of others 
attending the meeting. When several participants are dis-
played, it is possible to “pin” one of these as the displayed 
image, in effect disabling this feature on one’s own screen. 
As we will see further, you should do this with your own 
image. Hence, you get the impression that you are looking 
at yourself in a mirror.

3. How to Set It Up
To get started, one prepares the slides as individual images 
(or even short movies), taking care to leave room for the 
presenter to stand in front of them (say, 1/3 of the page ei-
ther to the left or the right, depending on where you plan to 
stand). Acceptable formats seem to be .jpg, .png, and .mov. 
Then, in the Zoom preference window, by selecting the Vir-
tual Background options, one sequentially adds the slides 
in the planned order of presentation. This background 
selection window will need to stay open throughout the 
talk. Essentially, that is it; you are now ready to give your 
talk. However, some practice will make things work better. 
Having two screens may be useful (say, by logging on to 
the meeting with two devices), so that one sees the reaction 
of the public. My own configuration is a desktop with an 
extra webcam and Airpods with their internal microphone. 
A small webcam often gives a better image than the internal 
camera. Mine sits on top of my computer screen, which I 
am looking at while talking. In any instance, you should 
certainly check beforehand that your setup works fine, say, 
with a friend. Don’t forget to have sufficient lighting on you 
and not behind you. Good sound is also very important, 
so test it beforehand.

A few points to be aware of. You should check that the 
audience will not see your slides mirror-style. There is a 
“mirror my video” option in the Virtual Background set-
tings that you may or may not like to use. This makes it so 
that what you see is not necessarily what the participants 
will see, depending on the option you select. You should 
also test this with others to make sure. To see where you are 
pointing, and give the impression that you are looking at 
the attendees, you should have a window of yourself lying 
just below the camera. Ideally, you should use a “green 
screen.” For movies and pictures, specialists use a bright 
green color screen as a backdrop when they want to replace 
the actual background by something else for special effects. 
Apparently this color is furthest away from human skin 
tones. The Virtual Background feature of Zoom works best 
with a green screen or a uniform color wall behind you. 
There are backdrop screens that are not expensive. In the 

François Bergeron

http://www.youtube.com/watch?v=aArPzxkaVy4
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Remembering Carlos A.
Berenstein (1944–2019)
Mark Agranovsky, John Baras, Der-Chen Chang,
Roger Gay, Peter Kuchment, Bao Qin Li, Domenico
Napoletani, Irene Sabadini, Ahmed Sebbar,
Daniele C. Struppa, and Alain Yger

A Note on Carlos’s
Mathematical Work

Daniele C. Struppa
Carlos A. Berenstein passed away on August 24, 2019, af-
ter a long illness that did nothing to weaken the memory
and love that many of us felt for him. I was his first doc-
toral student, taking a several complex variables class with
him in the fall of 1978, as a new graduate student at the
University of Maryland. Carlos was the dream advisor for
a young, but passionate, aspiring mathematician. As his
beloved daughter Nadia recounted in her beautiful eulogy,
he used to answer my naive questions with variations of
“this is actually not trivial,” something that encouragedmy
willingness to ask questions, and that betrayed his ability
to discover depth in apparent simplicity. In the next few
paragraphs I will offer a brief overview of Carlos’s work,
and the evolution of his wide array of interests. While it is
impossible to fully convey the richness of his work, I hope
that my notes, complemented by both mathematical and
personal remembrances from his friends and colleagues,

Daniele C. Struppa is the Donald Bren Presidential Professor of Mathematics
at Chapman University. His email address is struppa@chapman.edu.
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Carlos A. Berenstein, shown in late 2005 outside the Institute
for Systems Research at the University of Maryland in College
Park, Maryland.

may help us remember his vibrant intelligence and serve
as a further stimulus for more work in the areas he loved.

Carlos was a student of Leon Ehrenpreis, and wrote
his dissertation in 1970 on convolution operators and
quasianalytic classes [15]. It was an exciting time for
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Ehrenpreis, who had announced his famous Fundamen-
tal Principle only a few years earlier, and whose seminal
book [17] appeared also in 1970 (Carlos being among the
students whom Ehrenpreis thanks in the introduction to
his book). The Fundamental Principle was a groundbreak-
ing result that demonstrated that every solution of a system
of linear constant coefficients partial differential equations
could be represented as convergent integrals of exponen-
tials on the algebraic variety associated to the zeros of the
symbols of the differential operators. Naturally, in order
to take into account themultiplicities, it was not enough to
consider exponentials, but one had to apply some polyno-
mial coefficients differential operators (known as the Noe-
therian operators) to those exponentials in order to obtain
all possible solutions. The proof of this result relies on the
ability to study the quotients of polynomial ideals in suit-
able spaces of entire functions with growth conditions.

Ehrenpreis spent a chapter in [17] indicating possible
ways to extend his result to the case in which differential
operators are replaced by convolution operators. In this
case (which in the one-variable setting had been studied
and understood by L. Schwartz), the situation becomes in-
creasingly complex because the ideals to be considered are
now generated by the Fourier transform of the convolu-
tors. These Fourier transforms are entire functions satisfy-
ing suitable growth conditions established by some Paley–
Wiener-like theorem, and thus one has to replace the alge-
braic variety of the zeros of polynomials with the analytic
variety associated to the zeros of these functions. This in-
troduces several difficulties, the first of which is the fact
that the multiplicities of such varieties are unbounded.

Those were the kinds of problems that Carlos began
to work on, and his dissertation begins the path that will
eventually lead him to a formulation of the Fundamental
Principle for convolution equations. In this period Car-
los began a very fruitful collaboration with Milos Dostal,
himself a student of Ehrenpreis, and together they wrote a
series of papers on analytically uniform spaces (the spaces
in which the Fundamental Principle could be proved) that
culminated with [3], in which Carlos and Dostal prove a
first extension of the Fundamental Principle to a very spe-
cial case of convolution equations. This work (as well as
those that preceded it) clarifies the kinds of techniques
that will eventually be necessary to attack the problem in
greater generality, and especially the role played by lower
estimates, not just for polynomials (as Ehrenpreis had
done), but for the Fourier transforms of convolutors, such
as exponential sums, and exponential polynomials.

As Carlos continued to work on this project, a second
important collaboration began to be established, the one
with Alan Taylor, and this gave birth to several important
papers, including [11], where Carlos and Taylor reimagine

interpolation for entire functions of one complex variable
from a totally new viewpoint. This approach eventually al-
lowed them to obtain a Fundamental Principle for convo-
lution equations in [2]. Clearly, a full extension of the Fun-
damental Principle to solutions of convolution equations
is not possible, and some restrictions have to be imposed
on the convolutors for such a result to be conceivable.
These restrictions (that allow division with bounds) gave
rise to the notion of slowly decreasing convolutors, a notion
whose name derives from some early work of Ehrenpreis.
The key ingredient towards the integral representation of
solutions of convolution equations is a new interpolation
formula that Carlos and Taylor attribute, in its early form,
to Jacobi, and that they exploit to great success. The exten-
sion of their result to the case of general rectangular sys-
tems of convolution equations constituted later the first
part of my own dissertation.

This was a period of great creative productivity for Car-
los, who, in addition to his collaboration with Taylor,
also worked with Larry Zalcman on the Pompeiu problem,
bringing to fruition several significant papers (e.g. [14]),
as well as with me on some further generalizations of the
Fundamental Principle, [10], and on some ideas first enun-
ciated by Ehrenpreis on the Fabry gap theorem [9]. Both
these themes, Pompeiu and Fabry, remained a constant in
Carlos’s production, and he continued to contribute to a
more detailed understanding of these questions through-
out the years.

But possibly the most important scientific encounter in
Carlos’s career was with a young French mathematician,
Alain Yger, who became his long-term collaborator on a
series of truly groundbreaking papers. Yger was a student
of Yves Meyer, and I remember Carlos’s showing me some
of Yger’s early papers on difference-differential equations.
In the early 1980s Carlos and Yger began a collaboration
on the problem of deconvolution (described in more de-
tail in one of the contributions below). The problem has
important applications in image reconstruction, and im-
mediately leads to the study of Bezout-like equations in
spaces of entire functions with growth conditions. Carlos
and Yger were interested in finding effective and construc-
tive ways to solve these Bezout equations. This area of re-
search led Carlos to begin significant collaborations with
engineers (such as J. Baras and P. Krishnaprasad) andmore
applied mathematicians (something that he will continue
to do until the end of his career), but his most important
results remain those connected with effective Bezout iden-
tities and residue calculus. While we are not able to offer in
this article a more detailed discussion, we will at least refer
the reader to [12] and [13], among Carlos’s finest articles.

In 2003 Ehrenpreis published a long-awaited new
work, his major contribution to the theory of the Radon
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transform. This book had an extremely long gestation, but
when it appeared it rekindled Carlos’s interest in this sub-
ject, and the study of the Radon transform and its applica-
tions became one of the major themes in the last part of
his career, as recounted below by Peter Kuchment.

Carlos was not only a very prolific and successful re-
searcher. He also appreciated the importance of transfer-
ring his research knowledge into original textbooks. Exam-
ples of this additional contribution he has given the math-
ematical community are the two volumes he coauthored
with Roger Gay, [5], [6], as well as the work that brought
him again together with Yger, Gay, and another student of
his, Alekos Vidras, [7].

Carlos’s mathematics spanned a variety of different are-
nas, and in so doing he touched and worked with many
mathematicians whose careers he helped define, many
of them participating in this memorial article. Carlos’s
generosity and impact on so many of us have been ines-
timable; his career has not only advanced mathematics,
but allowedmany youngermathematicians to come of age,
and to learn from him in so many ways.

Daniele C. Struppa

Mark Agranovsky
Before meeting in person, Carlos Berenstein and I knew
each other via publications. I was impressed by his works,
especially by his very beautiful article on the Pompeiu
problem [16], where he proved that the infinite Pompeiu
spectrum implies that the domain is a ball.

The first time we met in Moscow in 1989, I got a feel-
ing like we had already been friends for a long time. Car-
los emanated a human warmth and openness. He invited
me to visit the University of Maryland. It was my first trip
from the Soviet Union to the West and Carlos was my first
guide to the open mathematical world. This is how our
friendship and collaboration began. I loved to work with
him, and to talk to him about life. I liked his funny sto-
ries about his young years in Argentina, and his humor,

Mark Agranovsky is a professor of mathematics at Bar Ilan University. His
email address is agranovs@math.biu.ac.il.

decorated by his special smile. I remember Carlos perma-
nently busy with supporting or helping somebody.

He did beautiful mathematics. His mathematical inter-
ests were broad: from several complex variables and har-
monic analysis, to inverse problems and integral geome-
try.

Doing joint work in mathematics was for Carlos a form
of human friendship. Working with him had no limita-
tions in space and time. Often, while I visited him inMary-
land, we started working in his office in the morning, con-
tinued at his home, and the workday ended at night, after
having dinner at his hospitable home with his nice family.

Carlos was a hard worker, but sometimes his eyes
looked too tired, probably a sign of the future illness from
which he suffered the last years of his life. He and his wife
Elsa visited me in Israel; their present, a painting, has been
since then on the wall in our living room and reminds me
of the beautiful years of our friendship. It was a nice and
important chapter of my life. Carlos was a brilliant math-
ematician, a most gentle and generous person, a good
friend. I was lucky to have met Carlos on the path of my
life. “Do not say with sadness: they passed away, but say
with gratitude: they were!” (Russian poet V. Zhukovsky,
nineteenth century). I will remember Carlos with tender-
ness and gratitude.

Mark Agranovsky

John Baras
I first met Carlos Berenstein in 1972 when I was a PhD
student in applied mathematics and he was an assis-
tant professor of mathematics, at Harvard. I was work-
ing on my PhD thesis with Roger Brockett, studying the
infinite-dimensional “realization problem” for linear time-
invariant distributed parameter systems (i.e., those gov-
erned by delay differential equations, partial differential
equations, etc.). This was an ambitious undertaking to
generalize the then recently developed finite-dimensional

John Baras is a Distinguished University Professor of Electrical and Computer
Engineering and Applied Mathematics, and holds the Lockheed Martin Chair
in Systems Engineering at the University of Maryland. His email address is
baras@umd.edu.
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realization theory by Rudy Kalman. The input-output
description of the systems I was investigating was given
via convolution operators whose kernels had nonrational
Laplace (or Fourier) transforms, which includedmeromor-
phic functions, functions with branch cuts, etc. Carlos was
an expert in several complex variables, so several of his
colleagues at Harvard highly recommended that I meet
him and discuss these problems with him. My acquain-
tance with Carlos quickly developed into a close friend-
ship, as he helped me considerably with guidance and
most importantly with constant encouragement through
some very difficult moments in my PhD research. He in-
troduced me to both Lars Ahlfors at Harvard and to Ken-
neth Hoffman at MIT, as I started exploring mathematics
that used the Hardy function algebras on the disk and on
half planes, the related invariant subspace theory of the
shift, ideals in these function algebras, inner and outer
functions, and associated factorizations. I still remember
very gratefully Carlos’s encouragement to continuemy am-
bitious research program despite recommendations from
both Ahlfors and Hoffman to change the objectives of my
PhD research. Carlos helpedme through the proof and un-
derstanding of the Carleson Corona Theorem and guided
my ideas in trying to connect the spectra of the partial dif-
ferential operators resulting from my theory with the sin-
gularities of the Laplace transforms of the convolution ker-
nels in the input-output description of the systems I was
studying. I graduated in 1973 and came to the University
of Maryland as an assistant professor in the Electrical and
Computer Engineering Department and the AppliedMath-
ematics and Scientific Computation Interdisciplinary Pro-
gram.

I cannot describe easily my pleasant surprise and joy
when I ran into Carlos again, as he had joined the Mathe-
matics Department at the University of Maryland the same
year. We became very close friends and developed research
collaborations in several different areas, and coadvised
several students. Our families became close, and we fre-
quently spent happy times at each other’s home, as we
were living very near to each other. Our two sons, Alex
and Aris, grew up with his daughter Nadia and son Ariel.
My wife Mary and Elsa became very close friends as well.
Quite often we had interesting discussions and debates on
various social and political issues. But none of our dis-
cussions matched the intensity of Carlos’s political discus-
sions about the situation in Argentina when he was visited
by colleagues and friends of the same national origin. Car-
los was an optimistic and joyful family man, a great and
caring father, who participated fully and enthusiastically
in various social, cultural, and family events and celebra-
tions. He was very proud of his children Nadia and Ariel.

My friendship and collaboration with Carlos contin-
ued throughout his life. I worked further to develop fre-
quency domain methods for the design of controllers for
these infinite-dimensional systems, which quickly led me
to Bezout (aka Diophantine) equations describing the so-
lution (this is the same as the deconvolution problem)
involving 𝐻∞ functions in one or several complex vari-
ables, an area where Carlos was a world expert [12], [13].
With Carlos’s encouragement I developed amodule theory
for such infinite-dimensional systems, generalizing signifi-
cantly themodule theory of Kalman for finite-dimensional
systems, a complexity and dimensionality theory that em-
ployed the division of inner functions associated with
some of these function ideals that emerged from the re-
alization constructions.

With Carlos and my PhD student Nikos Sidiropoulos
we worked on morphological signal processing, a discrete
random set approach to signal processing and filtering,
with applications to image processing, computer vision,
medical image diagnostics, object recognition, deconvo-
lution and multisensor fusion. We coauthored many pa-
pers on this fascinating subject and successfully applied
our resulting algorithms to many practical problems. We
also worked with Carlos and my PhD student Ziv Berman
on wavelet transforms and in particular on the paramet-
ric wavelet maxima representation, which led us to prove
a version of the famous Marr Conjecture regarding the re-
construction of images from its multiscale edges.

Later on, we worked with Carlos and David MacEnany
on algorithms for electrical impedance tomography (EIT)
(various versions of the Calderon problem), one of Car-
los’s favorite areas, where we developed new algorithms
exploiting Radon transform on symmetric spaces. We im-
plemented the resulting new algorithms in various medi-
cal diagnostic problems under funding from the NIH, and
showed that these new algorithms outperformed the then
state of the art. Carlos had immense knowledge in several
complex variables and hyperbolic spaces. He transferred
his enthusiasm for these mathematics and associated com-
putations to me and several students. With Carlos we co-
supervised the PhD thesis of FranklinGavilanez, and inves-
tigated the extension and application of the EITmathemat-
ics and algorithms to general network tomography prob-
lems, including communication and sensor network prob-
lems. We coauthored several invited papers on thesemath-
ematics and algorithms. The influence and inspiration on
my work from Carlos’s enthusiasm for hyperbolic spaces,
and various graph embeddings in hyperbolic spaces, led
me more recently to the development of efficient and fast
routing algorithms that employ greedy hyperbolic embed-
ding for mobile (wireless) ad hoc networks.
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I could go on for a long time describing our close col-
laborations and friendship. Carlos was a brilliant math-
ematician, curious as a child to apply novel mathematics
to challenging problems, always enthusiastic about such
works and investigations, with great humor, an engaging,
almost permanent smile, and an unmatched collaborative
spirit. He worked with several colleagues in engineering
and applied mathematics at Maryland and he was heav-
ily involved in the effort that established the Institute for
Systems Research (ISR), initially as one of the first six NSF
Engineering Research Centers (ERCs), and later as a per-
manent institute at Maryland. For his contributions to the
development and research of ISR Carlos was named a Per-
manent Joint Appointment of the ISR in 1995 (one of only
five such appointments in the 35-year history of the ISR).
Carlos’s brilliance, positive attitude, and open collabora-
tive spirit will be missed by many.

John Baras

Der-Chen Chang and Bao Qin Li
We both first met Carlos at the University of Maryland at
College Park around the beginning of the 1990s, Bao Qin
as his PhD student and Der-Chen as an assistant professor.
At that time, Carlos had several other students, and also
visitors, among whom were L. Aizenberg, C. T. Chuang,
R. Gay, M. Morimotto, A. Yger, and others. When Car-
los walked the hallways of the department, he was always
among a group of several people, leading an animated con-
versation. He would stop at our offices and chat with us of-
ten; sometimes we met in the departmental lounge, which
had blackboards surrounding the wall of the room so we
could eat and talk and write things on the board. He also
stopped by Der-Chen’s house on his way home occasion-
ally to discuss mathematics. Carlos was so knowledgeable
and insightful that he could talk to and collaborate with
many mathematicians from different areas of pure and

Der-Chen Chang is the McDevitt Chair Professor in Mathematics and
Computer Science at Georgetown University. His email address is chang
@georgetown.edu.
Bao Qin Li is a professor of mathematics at Florida International University.
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applied mathematics, and with his profound breadth and
depth of understanding, he could connect innumerable
ideas and discover new problems. During the period of
time all three of us were in Maryland, we wrote six papers
together, and at the same time Carlos worked with Bao
Qin separately on interpolation problems in several com-
plex variables, and with Der-Chen on Pompeiu problems
in the Heisenberg group.

The interpolation problem Carlos was interested in can
be phrased in a very broad fashion. Roughly speaking,
characterizations for interpolating varieties are sought so
that every holomorphic function with certain growth con-
straints on a given analytic variety has a global extension
to an entire function in the whole space satisfying the
same kind of growth constraints. Being one of the ma-
jor problems in several complex variables, it has very rich
connections to other problems in mathematics, such as
harmonic analysis, number theory, and systems theory.
For example, the problem (in special cases) is equivalent
to some questions in harmonic analysis about solutions
of the (overdetermined) system of convolution equations
𝑢𝑖 ∗ 𝑓 = 𝑔𝑖(1 ≤ 𝑖 ≤ 𝑁), where 𝑢𝑖 (compactly supported dis-
tributions) and 𝑔𝑖 are known, and 𝑓 is the unknown. These
questions arise in problems like robust filtering, imaging
processing, etc. The system can be solved if one could find
deconvolvers 𝑣𝑖 such that ∑𝑣𝑖 ∗ 𝑢𝑖 = 𝛿 (deconvolution
problem). The equivalent formulation of the deconvolu-
tion problem, via the Fourier transformations, is to find
𝑣𝑖 such that ∑ ̂𝑣𝑖 ̂𝑢𝑖 = 1 (division problem). By a the-
orem of Hörmander, the division problem is solvable if
a Lojasiewich-type inequality holds for ∑| ̂𝑢𝑗| (strong co-
primeness), which also plays a role in transcendental num-
ber theory. Carlos did seminal work in these areas, besides
his many other achievements, which are reflected in his
over one hundred publications. An example was his series
of important work with B. A. Taylor, which resulted in ele-
gant characterizations of interpolating varieties and led to
fruitful connections to other problems such as the seem-
ingly unrelated transcendental Bézout problem, originally
due to P. A. Griffiths, on entire analytic mappings.

The Pompeiu problem Carlos introduced to Der-Chen
can be stated as follows. Let 𝑋 be a locally compact topo-
logical space, let 𝜇 be a nonnegative invariant Radon mea-
sure on 𝑋 , let {𝛾𝑗}𝑁𝑗=1 be a finite collection of compact sub-
sets in 𝑋 , and let 𝐺 be a topological group acting on 𝑋
and leaving themeasure 𝜇 invariant. Consider the Pompeiu
transform: 𝑃 ∶ 𝐶(𝑋) → (𝐶(𝐺))𝑁 defined by (𝑃𝑗𝑓)(𝐠) ∶=
∫𝐠𝛾𝑗 𝑓𝑑𝜇, where 𝑃𝑗 is the 𝑗th component of the transform 𝑃
and 𝐠𝛾𝑗 = {𝐠 ∘ 𝑥 ∶ 𝑥 ∈ 𝛾𝑗}.

We say the family {𝛾𝑗}𝑁𝑗=1 has the Pompeiu property if 𝑃
is injective. Note that for this definition to be nontrivial
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one essentially needs the action of 𝐺 to be transitive. The
Pompeiu problem is to decide as explicitly as possible whether
the family has the Pompeiu property. For example, let 𝜇𝑟
be the normalized surface measure on the sphere 𝐶𝑟(0) =
{𝑥 ∈ ℝ𝑛 ∶ |𝑥| = 𝑟}. Then we want to know whether the
spherical means of 𝑓, 𝑓 ∗ 𝜇𝑟 = 0 imply that 𝑓 ≡ 0. If
𝑓 ∈ 𝐿𝑝(ℝ𝑛), 1 ≤ 𝑝 ≤ 2, by taking the Fourier transform,

𝑓(𝜉) = (2𝜋)−
𝑛
2 ∫

ℝ𝑛
𝑒−𝑖𝑥⋅𝜉𝑓(𝑥)𝑑𝑥.

This implies that 𝑓 ∗ 𝜇𝑟 = 𝑓 ⋅ 𝜇𝑟 = 0 and hence 𝑓 ≡ 0. This
is usually called a one radius theorem. Or, the sphere 𝐶𝑟(0)
satisfies the Pompeiu property. However, if we take

𝑓(𝑥) = 𝜙𝜆(𝑥) = 𝑐𝑛
𝐽𝑛
2−1

(𝜆|𝑥|)

(𝜆|𝑥|)
𝑛
2−1

,

where 𝐽𝛼 is the Bessel function of order 𝛼, then 𝑓 ∗𝜇𝑟(𝑥) =
𝜙𝜆(𝑟)𝜙𝜆(𝑥), where 𝜙𝜆(𝑟) stands for 𝜙𝜆(𝑦)with |𝑦| = 𝑟. There-
fore, if we choose 𝑟 ∈ ℝ such that 𝐽𝑛

2−1
(𝜆𝑟) = 0, then

𝑓 ∗ 𝜇𝑟 = 0. Note that 𝜙𝜆 ∈ 𝐿𝑝(ℝ𝑛) for 𝑝 > 2𝑛
𝑛−1

. Hence,
we have:
(1) If 𝑝 > 2𝑛

𝑛−1
, a one radius theorem is not true for 𝐿𝑝(ℝ𝑛);

(2) If 1 ≤ 𝑝 ≤ 2𝑛
𝑛−1

, 𝐶𝑟(0) indeed satisfies the Pompeiu
property for any 𝑟 > 0 by a theorem of S. Thangavelu.

When 𝑛 = 2, then by Green’s theorem,

𝑓 ∗ 𝜇𝑟(𝜁) = ∫
𝐶𝑟(𝜁)

𝑓(𝑧)𝑑𝑧 = 2𝑖∫∫
𝐷𝑟(𝜁)

𝜕𝑓
𝜕 ̄𝑧 𝑑𝑉(𝑧)

for 𝑓 ∈ 𝐶1(ℝ2). Here 𝐶𝑟(𝜁) = {𝑧 ∈ ℂ ∶ |𝑧 − 𝜁| = 𝑟}
and 𝐷𝑟(𝜁) = {𝑧 ∈ ℂ ∶ |𝑧 − 𝜁| ≤ 𝑟}. Therefore, in ℂ1, the
Pompeiu property implies the analyticity of the function
𝑓. Morera’s theorem is a well-known theorem in complex
analysis: Let 𝑓 ∈ 𝐶(ℂ). Then 𝑓 is an entire function in ℂ if
∫𝛾 𝑓(𝑧)𝑑𝑧 = 0 for all piecewise 𝐶1 Jordan curves 𝛾 in ℂ. In
fact, the condition for Morera’s theorem is too strong. Of
course, there is no 𝐿𝑝 entire function in ℂ. Obviously, one
radius is definitely not enough. However, L. Zalcman first
had obtained a so-called two radii theorem: Let 𝑓 ∈ 𝐶(ℝ2)
and suppose there exist positive numbers 𝑟1, 𝑟2 such that
∫𝐶𝑟𝑗 (𝜁)

𝑓(𝑧)𝑑𝑧 = 0, 𝑗 = 1, 2 for every 𝜁 ∈ ℂ. Then 𝑓 is

holomorphic as long as 𝑟1/𝑟2 is not an element of 𝒬(𝐽1),
the set of quotients of nontrivial zeros of Bessel functions
of order 1. In case 𝑟1/𝑟2 ∈ 𝒬(𝐽1) then 𝑓 need not be holo-
morphic anywhere. Since then, Carlos and his collabora-
tors obtained many good results in (real and complex) Eu-
clidean spaces along this research direction. Carlos told
Der-Chen maybe one can consider similar problems on
the boundary of a “reasonable” domain in ℂ𝑛. The most
natural example will be the Heisenberg group, which can

be considered as a good local approximation to the bound-
ary of a strongly pseudoconvex domain inℂ𝑛 with smooth
boundary. That was the first time we worked with M. Agra-
novsky and D. Pascuas. We finished a series of papers on
a characterization of 𝐿𝑝, 1 ≤ 𝑝 ≤ ∞, CR functions in the
Heisenberg group by studying Gelfand pairs. The main in-
gredients to prove those theorems were based on Laguerre
calculus (first studied by P. Greiner), and the Hulanicki–
Ricci–Wiener–Tauberian theorem.

Carlos was a kind person, a great advisor, and a won-
derful friend. He shared his mathematical ideas with his
friends, students, and collaborators generously. He had a
profound impact on us and many others throughout his
life. We will forever remember his contributions to our
field, the Christmas Eve’s we spent together with his family
at his home, his warm voice, his big-hearted smiles.... To
us, his passing was a great loss of a teacher, mentor, and
friend. We will miss him deeply.

Der-Chen Chang Bao Qin Li

Roger Gay
Having heard M. Dostal in Strasbourg talk about L. Ehren-
preis, I already knew when arriving in 1977 at Bordeaux
the proximity and importance of Carlos to his thesis super-
visor. I met Carlos for the first time when he responded fa-
vorably tomy invitation to teach the last course of a year of
study devoted to his joint work with B. A. Taylor [11]. My
vivid memory of this day remains the certainty of having
been in the presence of an influential guide with extensive
knowledge eager to share his enthusiasm and passion.

This day initiated the adventure (parallel to many oth-
ers around the world) common to themathematics depart-
ment of the University of Bordeaux and its counterpart at
Maryland (College Park). The Bordeaux protagonists, be-
sides me, were my former student and very dear friend
A. Sebbar, whom Carlos invited to spend a year at Col-
lege Park, and with whom he wrote a very nice paper, and
A. Yger, with whom he developed many important works.

Roger Gay is a retired professor of mathematics from the Université de Bordeaux.
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I thank providence for having granted me the presence
of a kind man with a brilliant brain, a generous heart, con-
stantly happy, with a bright smile, who made me enjoy
the benevolent welcome of his family during our years of
work together. We took advantage of these awesome cir-
cumstances to develop, among other things, some works
dealing with inverse problems of the Pompeiu problem type,
[4], as well as the writing of a complex analysis textbook
mainly based, as [11] was, on the existence of solutions
for the inhomogeneous problem of the Cauchy–Riemann
equations.

Our cooperation lasted a few years after I retired. This
decision was unfortunately followed, after a few years, by
the sad news of the illness and recent death of Carlos. I
am one of the many devastated people for whom Carlos
will be sorely missed. I will endeavor to keep in mind the
precious and joyous days that were one of the great gifts of
my life.

Roger Gay

My Dear Friend
Carlos Berenstein

Peter Kuchment
It is hard to believe that I am taking part in writing an obit-
uary for my dear friend and colleague Carlos Berenstein,
with whom I had communicated, met, and worked since
the end of the 1970s. As I explain below, I am indebted
to him not only for the pleasures of great friendship and
collaboration, but also for his and his wife Elsa’s encour-
agement and crucial help in my settling in the US.

From the end of the 1970s to the beginning of the
1980s, I started studying properties of solutions of peri-
odic elliptic and hypoelliptic PDEs. This required, in par-
ticular, handling various difficult issues of the theory of
several complex variables. Among these were intricate

Peter Kuchment is University Distinguished Professor of Mathematics at Texas
A&M University. His email address is pkuchment@gmail.com.

interpolation theorems for entire functions of some
classes, which I found in the joint works by Carlos with
B. A. Taylor and Carlos’s Lecture Notes in Mathematics
book with M. Dostal. Thus an active, and extremely help-
ful for me, letter exchange with Carlos ensued. The re-
sulting theory that was significantly helped by communi-
cating with Carlos was published in several major articles
and surveys, as well as in my 1993 book on Floquet the-
ory for PDEs. The communication with Carlos intensified
sometime later, when a chain of associations ledme to har-
monic analysis on symmetric spaces. By a strange turn of
fate, which would repeat itself later, Carlos had also started
working in this area. Due to this direction, I have had very
significant exchanges of letters with Carlos and with an-
other hero of mine, Sigurdur Helgason.

In 1989, Carlos and his wonderful wife Elsa visited
Moscow. Notified about this trip by Carlos, I could not
possibly miss the opportunity to finally meet him in per-
son. I thus took the “lifeline” overnight train from my city
Voronezh to Moscow (“lifeline,” since it was used to bring
meat, cheese, and other food unavailable in Voronezh
back to our city, where much of it was in fact produced).
We met with Carlos and Elsa and spent wonderful hours
walking around Moscow. I realized what a friendly and
cheerful person Carlos was. At some moment, discussing
mathematics, I mentioned, “You know what? I have stum-
bled upon another great area!” “What is it?” asked Carlos.
“It is tomography and related issues of integral geometry.”
And here Carlos started laughing and told me that in fact
he had also just moved to tomography. What can one say?
It was fate! The fate has not stopped at this, and years later
we both independently started working on problems on
graphs.1

This meeting was also fateful for me in a more serious
way. Elsa, getting acquainted with Moscow, said, “How
can you live in this depressing country? You need to leave”
(and she had not yet set her foot outside the capital!).
However, during those Gorbachev times I still hoped for
the better future of the Soviet Union, and thus did not plan
to emigrate (although my parents and siblings with their
families had left a decade before). Soon, however, things
took a sharp turn for the worse. I was planning to visit
in June–July 1989 for the first time my mother and sisters,
who lived in New York City. A few days before my depar-
ture a pogrom of Turks in Fergana Valley in Central Asia
happened, with many causalities. It became known that
the authorities had known of the planned massacre in ad-
vance, but did not try to protect anyone. This is when I
understood that Elsa was right, and I had to take care of

1The same kind of independent parallel turns in the areas of research we
have also experienced with another great friend of mine and mathematician,
Michael Shubin.
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the safety of my family, since the government apparently
could not care less. It was clear that bloodshed was ahead.
And here my next story about Carlos started.

When I arrived in the US, I could speak only very lim-
ited English, to put it mildly, and had almost no idea
what to expect. My first impression was that Americans
were incomparably nicer to others than Russians normally
were. I am not talking just about mathematicians, who
accepted me extremely well (although I was not a promi-
nent and well-known figure), but complete strangers ev-
erywhere (and I have traveled extensively to other states,
visiting universities and participating in conferences). In
particular, Carlos Berenstein invited me after my arrival
to the University of Maryland to give a lecture. I had the
privilege to stay in his home and enjoy the company of
his wonderful family. I told Carlos about my plan to emi-
grate as soon as possible, due to the aggravating situation
in the USSR. I knew practically nothing about what one
should do to apply for jobs, what is a c.v., etc. Carlos ex-
plained all this to me, provided samples, and helped with
materials preparation. Fortunately, I could get letters of ref-
erence from several prominent mathematicians in the US
and abroad, but the job situation was very tough, in partic-
ular due to the huge influx of highly qualified mathemati-
cians from the USSR and Eastern Europe. Thus I had to
apply to hundreds of places (essentially to anything avail-
able). The problem was that I was about to return to the
USSR and had no chance (as well as no money) to print
andmail hundreds of packages. Carlos did something that
triggered my enormous admiration and gratitude, which
have not subsided since: he offered to do all this for me
himself, while I would be back in the USSR. And he did
complete that enormous task!

When I finally arrived in the US, due to visa delays it was
way too late for the interviews to which I was invited. The
future looked uncertain and I was preparing for all eventu-
alities: working at a school, computer programming, tak-
ing actuarial exams, etc. All this time Carlos was offering
me his unwavering support, help, and encouragement. Fi-
nally, I found a university position and was able to con-
tinue my academic career. All this time, since 1989 and
till Carlos’s serious illness, we were in close contact, visit-
ing each other, discussing a lot ofmathematics of common
interest (inverse problems, complex analysis, integral ge-
ometry, graph theory, harmonic analysis), and doing joint
research. Carlos’s enthusiasm and cheerfulness were con-
tagious.

I will cherish the fond memories of my wonderful
friend and colleague Carlos Berenstein until my last days.
I am honored to have been his friend.

Peter Kuchment

Remembering Carlos

Domenico Napoletani
You knew that there was nothing that could change the
depth of Carlos’s affection and his belief in your potential,
once you were taken under his tutelage. Others will de-
scribe his accomplishments as a mathematician. I would
like to focus on his lasting impact as a mentor to so
many students and colleagues, and on the unique way he
achieved such an impact.

Throughout the last year of Carlos’s career, I had the
opportunity to be close to him. The thing that stood out
most to me was the way Carlos lifted you up to his level
of scholarship and knowledge, until you realized that you
had a place there, and that naturally you would manage to
express your own understanding of mathematics.

I remember vividly how Carlos would share his de-
light for integral geometry or for the connection of Nevan-
linna theory and Diophantine approximation as clarified
by Paul Vojta. The latter was a topic to which Carlos would
come back repeatedly in his last years. His ownworkmade
Carlos constantly fascinated by the deep connections of
number theory and complex analysis, and he believed that
more refined growth conditions on the class of meromor-
phic functions in Nevanlinna theory would allow for even
stronger results in Diophantine approximation.

I share this particular example to stress the aspect of Car-
los’s training that I found very unique. Unlike many math-
ematicians, he did not reach for a blackboard the moment
he would think about mathematics. Instead, he would
love to chat at length about ideas and methods, and about
the likes and dislikes of his many distinguished friends.

These extended, leisurely conversations allowed stu-
dents to develop something that is not easy to share, and
that most people do not care to share: a taste for ideas.
Eventually you would realize that the most technical work
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did not appear daunting anymore, because you under-
stood the deepmotivations for its development. This same
kind, affirming attitude and gracious sharing of his intel-
lect was also extended to junior faculty and Carlos’s peers.
He strongly rejected the way most departments evaluated
their own faculty, through a relentless focus on constant
publishing and grant applications, because Carlos did not
need the proxy of money and statistical data on published
papers to judge the contribution of a mathematician.

On this, I recall his appreciation for unpublished
manuscripts and for papers that were not widely circulated.
For example, he often stated the need to seriously study the
theory of resurgent functions of Jean Ècalle, which in his
view was not as well known in the US as it deserved.

In an academic world that quickly discounts what you
have done in the past, that flattens the worth of scholars
on their latest papers, Carlos would never forget a collabo-
rator, no matter how far in the past his or her active work
was. I had seen him actively look for his previous students
(and this is before the internet age) just to make sure they
were doing fine or to know that their talent was being put
to good use, even if they did not pursue an academic ca-
reer.

Each of us needs concrete examples of individuals who
show us how it is possible to keep our humanity in our
work life, how to care for others, and how to grow through-
out one’s professional career. Carlos was for me, and for
many others, such an example.

Domenico
Napoletani

Irene Sabadini
I first met Carlos Berenstein in the winter of 1994, while
studying for my PhD thesis, when I was visiting George
Mason University. My then advisor Daniele Struppa and
I went to see him at College Park, and I was rather wor-
ried, since I did not know what to expect. Carlos was very
friendly, and we immediately started to discuss what was
our common interest at that time, namely, quaternionic

Irene Sabadini is a professor of mathematics at the Politecnico di Milano. Her
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analysis. We visited him several times. The main focus
was on regular functions, i.e., functions in the kernel of
the so-called Cauchy–Fueter operator 𝐷 = 𝜕/𝜕𝑥0+𝑖𝜕/𝜕𝑥1+
𝑗𝜕/𝜕𝑥2 + 𝑘𝜕/𝜕𝑥3, in several variables. The topic is difficult,
and the noncommutativity plays a a crucial role in pre-
venting use of most of the classical techniques available
for holomorphic functions in several variables.

One of Carlos’s main interests was also the study of
residues, and we started also discussing this topic and the
few available results in hypercomplex analysis.

For me it was impressive to see how Carlos was quick in
understanding links between different topics and to pass
from one to another, his knowledge being very deep and
wide. I was also impressed by how, after long discussions,
he could go back to the original topic to close the loop.
We discussed these topics a lot and eventually the idea of
using an algebraic approach emerged. This was a turn-
ing point, since it gave us the opportunity to start study-
ing the Cauchy–Fueter system and similar ones, using the
techniques introduced by Ehrenpreis and Palamodov in
the late sixties. The main idea was to rewrite the Cauchy–
Fueter regularity condition 𝐷𝑓 = 0 as a system in 4 real
variables, and, similarly, the regularity condition in 𝑛 vari-
ables was expressed by a system of 4𝑛 real equations in
4𝑛 real variables. One then considers the (formal) Fourier
transform to get a matrix whose entries are monomials in
4𝑛 real variables and constructs the module generated by
its rows. This module, and the minimal free resolution
constructed from it, yield many interesting analytical con-
sequences. The construction of the minimal free resolu-
tion in this case and similar cases was the object of various
studies and required competencies from commutative al-
gebra, which were given at that time by W. W. Adams and
P. Loustaunau. As a by-product, this hypercomplex case
was also a concrete application of the tools introduced by
Ehrenpreis and Palamodov. Our early results in this direc-
tion eventually resulted in [1].

I visited George Mason University various times after
my PhD degree, also spending a semester there, and every
time I visited Carlos he was always eager to discuss new
problems. He was very generous in sharing ideas and giv-
ing advice and suggestions.

I recall a somewhat tender moment when in 2004 there
was a conference at GMU in honor of Carlos’s sixtieth
birthday and Carlos was protesting that he was too young
to deserve such a celebration! Some of his youth does in-
deed transpire from the pictures that were taken at that
conference. For me it was a great honor to have the oppor-
tunity to edit, with Daniele Struppa and David Walnut, a
Festschrift in his honor.
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I met Carlos one last time at the end of August 2005
when he invited me to give a lecture at College Park. I see
this as the last act of generosity towards me.

Irene Sabadini

Carlos Berenstein as I Met
and Remember Him

Ahmed Sebbar
Carlos, with his unequaled smile and permanent bril-
liance, visited quite often the Mathematics Institute of Bor-
deaux, mainly to work with my former advisor Roger Gay.
At that time they were working, if I remember correctly, on
some inverse spectral problems and their relation to the
Pompieu problem, which eventually got published as [4].
They also planned to write their monumental treatise on
complex analysis, published a little later [5], [6]. That is
how I met him and how he offered me a one-year stay at
the University of Maryland, after I had just defended my
thesis. Everything was new for the young man I was, even
those lunches that were happening with scrapbook and
pencil, where meals and mathematics were mixed up, es-
pecially the discovery of a question by A. Hurwitz concern-
ing certain germs of analytic functions (other than the ex-
ponential function) whose analytical continuation along
certain closed paths gives the derivative. Apart from an ex-
ample of H. Lewy, an article by A. Naftalevich, and the MS
thesis by P. Gilden, nothing was known about this ques-
tion of Hurwitz. The few years that the Hurwitz question
demanded for its complete resolution [8] have been years
of learning old and still contemporary mathematics, the
works of Abel, Jacobi, Riemann, Kronecker, Appell, Hur-
witz, and more recently of Artin and Weil, to give only a
few names.

In addition to being a friend and collaborator, Carlos
was also a teacher. This is how I will remember him.
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Alain Yger
It was in January 1979 while I was preparing my doctoral
thesis under the supervision of Yves Meyer that I received
a letter from the University of Maryland. “It was a very
happy coincidence that you sent me your paper since I had
in my desk the first part of it for review ...” were the first
words of Carlos that I read that day. This phrase started an
uninterrupted collaboration with Carlos that lasted more
than twenty-five years. Is “collaboration” really the appro-
priate term? I remain deeply indebted to Carlos for all
my research in mathematics and indeed for much more
than that. How to express in a few lines his tremendous
generosity, his communicative enthusiasm, his unlimited
passion to share ideas and intuitions across all scientific
fields, from mathematics to engineering, from physics to
computer science, and certainly far beyond the artificial
borderline between theory and applications? It is so hard
to find the words to express how lucky I was to participate
in such an adventure.

From the beginning, Carlos introduced me to fascinat-
ing questions. Can distinct zeros of exponential sums
with purely imaginary algebraic frequencies and algebraic
coefficients be arbitrarily close to each other? How ef-
fective can Ax–Schanuel’s result about algebraic indepen-
dency of polynomial and exponential functions be when
facing questions such as the spectral synthesis problem
with respect to systems of delayed-differential equations?
How could one profit from rephrasing division questions
in terms of integration by parts based on the use of global
or at least semilocal Bernstein–Sato identities? These ques-
tions remained constantly present through our collabora-
tion as permanent guidelines. Most of them remain with
a question mark. I cannot imagine thinking about them
today without my friend Carlos’s presence and comments.

At the beginning of everything there was some en-
counter (most of the time quite unexpected). In front
of it, as always, was Carlos’s generosity, accompanied by
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email address is Alain.Yger@math.u-bordeaux.fr.

SEPTEMBER 2020 NOTICES OF THE AMERICAN MATHEMATICAL SOCIETY 1155



his communicative passion to share ideas and, I should
add, his fantastic mathematical intuition. Some of those
encounters come back to my memory. I remember the
discussions with Bernard Teissier and Patrice Philippon
in Palaiseau about Briançon–Skoda’s theorem. I also re-
call the first time we discovered (attending Orsay’s com-
plex analysis seminar around 1982) the construction by
Mats Andersson and Bo Berndtsson of weighted Bochner–
Martinelli interpolation-division formulae and how Car-
los almost immediately guessed that such constructions
could lead to explicit analytic Bézout identities, together
with applications to signal analysis or optics through the
process of deconvolution. How could I forget the unex-
pected discussion we had at the beginning of 1986 with
Dale Brownawell after his colloquium at Johns Hopkins
about Nullstellen inequalities? It is indeed from it that
grew our common interest with Carlos in questions in
computational polynomial geometry, involving later on
multivariate residue calculus.

Speaking about multidimensional residue calculus,
there is an image I keep present in my mind associating
it with Carlos. It was during a conference held in 1992 in
the old building of the Banach Center in Warsaw, which I
was attending with Carlos, Lev Aizenberg, Mikael Passare,
and August Tsikh. One morning, the windows of each of
our rooms opened almost exactly (pure coincidence) at
the same moment. From this time, I really understood
what collaboration means and the pleasure it may bring.
We were participating all together in themultidimensional
residue adventure, windows opening at the same time to-
wards the future. I understand better now why I associate
this image with Carlos: I learned from him the pleasure of
collaborating and sharing ideas. Carlos was much more
than a collaborator. He was my friend. How could I for-
get the hours spent in Paris, Bordeaux, or most often in
Bethesda, in front of the computer or a piece of paper, writ-
ing and then rewriting notes with him.

Time was running sometimes so fast, as it was dur-
ing the genesis of our 1993 Birkhäuser “Green book” [7]
about Bézout identities and multidimensional residue the-
ory, with our common friend Roger Gay and Carlos’s for-
mer student Alekos Vidras. Our efforts with Alekos, since
2010, were to update this book, incorporating all the new
developments of analytic multidimensional residue the-
ory occurring for the last three decades (almost). This work
would not make sense without the constant presence of
Carlos beside us, despite his so cruel, untimely illness. I
feel impatient for this long-term project to be carried out
and finalized.

My words here were about the mathematician, but I
would have had so much to say about Carlos beyond
mathematics: Carlos and Elsa, Nadia and Ariel, our

children growing up together; Carlos and Argentina, speak-
ing about his “mathematical father” Alberto Calderón,
about Miguel Herrera or Micha Cotlar, discussing with Ali-
cia Dickenstein or Joos Heintz; Carlos and his roots, that
evening I spent walking with him in Kazimierz, while he
was searching for his past. I would like to conclude with
a funny little story. I remember one day around 1983 our
walk (commissioned by my wife to buy some bread) and
our return hours later with some mathematical question
solved, but no bread! Carlos, we miss you so much but
you remain so present.

Alain Yger
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shared interests, show off our finished objects, and admire 
others’ masterpieces.  

Fortunately for mathematicians, there has been a simul-
taneous expansion of mathematically inspired fiber arts 
and fiber arts-inspired mathematics. Carolyn Yackel and 
sarah-marie belcastro have been at the center of efforts to 
bring mathematical fiber arts into mainstream mathematics 
institutions. Figuring Fibers, published by the AMS, is the 
third collection of papers they have edited; the two earlier 
volumes, Making Mathematics with Needlework (2007) [MM] 
and Crafting by Concepts (2011) [CC] were put out by A K 
Peters. All three are primarily based on work presented at 
the Special Sessions on Mathematics and Mathematics Edu-
cation in the Fiber Arts that belcastro and Yackel organized 
at the 2005, 2009, and 2014 Joint Meetings; at the 2014 
Joint Meetings they also ran a juried fiber arts exhibition.

Fiber arts are also gaining prominence in the broader 
mathematical art and recreational mathematics worlds, 
with fiber media work regularly featured in the Annual 
Mathematical Art Exhibitions at the Joint Meetings, the 
Bridges conferences celebrating mathematical art, and the 
Gatherings 4 Gardner. Physicist Elisabetta Matsumoto’s 
NSF-funded work on the mechanics of knitted fabric has 
been featured in the New York Times; she has also organized 
a session of talks at an American Physical Society annual 
meeting.  

It may not be obvious to those unfamiliar with fiber 
arts how they can support such a rich relationship with 
mathematics. (References below are to paper numbers in 
the three belcastro-Yackel volumes; every paper is listed at 
least once.)

Knitting and crochet both produce two-dimensional 
fabric consisting of arrays of slipknots. One linear (or 
circular) row of stitches is worked at a time. Varying the 
specific stitches and the colors of yarn can produce a range 

Figuring Fibers  
ed. Carolyn Yackel and 
sarah-marie belcastro

1. Mathematics and 
Fiber Arts? YES. 
When I entered the West-
inghouse Science Talent 
Search in 1987, the reg-
istration form asked how 
my interest in science had 
been sparked. I wrote about 

learning to knit and crochet as a child: I loved how beau-
tiful patterns and complex structures accreted as I worked, 
and I read my local library’s pattern books over and over 
again. Teachers at my technical high school, which had 
first admitted girls in 1969, told me to change that answer: 
fiber work was too domestic, too silly—and, I inferred, too 
feminine—to discuss. 

Since then I’ve met many mathematicians and scientists 
in related areas whose technical interests were sparked by 
early experiences with fiber arts. Over the last twenty years 
there has been a broad explosion of interest in crafting, 
fostered by the Internet: Ravelry, Instagram, Etsy, Face-
book, blogs, and even Twitter allow us to find inspiration, 
buy specialized tools and supplies, learn new skills from 
experts, discuss technical challenges, meet friends with 

Or/And:  
A Review of Figuring Fibers 

Reviewed by Elizabeth Wilmer

A
M

S,
 2

01
8.

Elizabeth Wilmer is a professor of mathematics at Oberlin College. Her 
email address is elizabeth.wilmer@oberlin.edu.

Communicated by Notices Book Review Editor Stephan Ramon Garcia.

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

DOI: https://dx.doi.org/10.1090/noti2125



Book Review

september 2020  Notices of the AmericAN mAthemAticAl society   1159

problem and includes detailed and accessible instructions 
for a related project. Wildstrom [FF 1] adapts traditional 
crochet “granny squares” into polyominoes; Calderhead 
[FF 2] develops a space-filling curve that can be crocheted 
by carefully interlacing dual triangular and hexagonal grids 
in contrasting colors. Yackel [FF 3] adapts a traditional 
knitting pattern, Templeton squares, to allow for a range of 
Truchet tiles in the style of Bosch and Colley [BC]. Givens 
[FF 5] considers closely the mechanics of combining knit-
ting stitch patterns with different periods, while Shepherd 
[FF 4] gives algorithms for building a “perfect” version of 
a traditional snake trail quilt. Of these, all but Calderhead 
provide general guides for future designers to adapt their 
techniques, and Calderhead includes charming mini-proj-
ects as stepping stones to the large and complex throw at 
the center of his work. 

As a knitter, I tried out Givens’s cowl pattern. The in-
structions were clear and correct, and it was fun to work up; 
there are some surprises in how the colorwork is handled, 
and the textural contrast between the stitch patterns is very 
satisfying. 

The most exciting papers in Figuring Fibers are, however, 
the final three, each of which develops novel crafting tech-
niques to explore sophisticated mathematics. The resulting 
objects are at once gorgeous expressions of the authors’ 
mathematical imagination and technical masterpieces.

The cover of Figuring Fibers shows an (8,6) torus link. 
Using long, flexible knitting needles, which are themselves 
tied in knots, belcastro [FF 6] produces knotted fabric. This 

of textures and patterns, which can be studied in their own 
right [MM 3, 4; CC 2; FF 3], or used to illustrate a variety 
of mathematical phenomena [MM 4, 6, 8; FF 2]. Number 
theoretic issues also arise when fitting together discrete 
stitches in different patterns or orientations [MM 2; FF 5]. 
Traditional techniques for changing the number of stitches 
alter the shape of flat patches of fabric [CC 1]; precisely 
shaped and sized pieces can be assembled in mathemati-
cally interesting ways [CC 7; FF 1]. Changing stitch counts 
can also be used to approximate intrinsically curved or 
knotted fabric [MM 10; CC 3; FF 6] (Taimina [Tai] gives a 
comprehensive discussion of negatively curved crochet). 

Weaving constructs regular two-dimensional lattices, 
while cross-stitch and needlepoint take place on the grids 
formed by woven substrate fabric [MM 5; CC 4, 6]. The 
physical process of stitching can impose additional con-
straints, leading to questions in graph theory and discrete 
combinatorial geometry [MM 9; CC 5, 8]. The piecework of 
quilting can be viewed as geometric decomposition [CC 9; 
FF 4]; of course the existence of a covering by flat coordinate 
patches does not imply the global topology is trivial [MM 
1, 7; FF 8]. Fabric is flexible and durable, so quilted models 
can demonstrate geometric transformations [CC 7, FF 7]. 

Beyond the explicit mathematical connections based in 
the underlying techniques, I suspect that many mathemat-
ically inclined fiber artists enjoy crafting for some of the 
same reasons they enjoy mathematics: although the work 
is largely rule-based and detail-oriented, it can generate 
startling beauty. To succeed, innovations must satisfy a wide 
range of physical and logical constraints, and patience can 
be required to see how a chain of steps plays out. 

2. Figuring Fibers
belcastro and Yackel’s volumes have all been designed to 
invite in broad and varied audiences. Each paper in Making 
Mathematics with Needlework included not only mathemat-
ical exposition and project instructions, but also guidance 
on pedagogical uses of the material. This structure was 
relaxed somewhat in Crafting by Concepts, which included 
some “mini” writeups of projects. Figuring Fibers’s back 
cover promises:

Amazing exposition transports any interested 
person on a mathematical exploration that is 
rigorous enough to capture the hearts of math-
ematicians… If you love mathematics or fiber 
arts, this book is for you!

Each chapter includes both mathematical exposition 
and detailed crafting instructions; separate abstracts for 
mathematicians and crafters appear at the front of the 
book. The current paper structure is more readable than 
that of the earlier volumes; each article simply has fewer 
moving pieces.

The first five chapters of Figuring Fibers are delightful. 
Each presents a sophisticated mathematical treatment of a 

Figure 1. [FF 2, Figure 36 (left) and Figure 37] Kyle Calderhead’s 
warm-up project illustrating a novel space-filling curve 
construction in intermeshed crochet.
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Yackel and belcastro lay out in the introduction to Fig-
uring Fibers a taxonomy of question types: 
1. using mathematics to solve fiber arts problems,
2. designing and fabricating a fiber arts piece to display 

a mathematical concept,
3. proving that a specific fiber art can be used to exemplify 

a mathematical concept,
4. mathematically analyzing an aspect of a specific fiber 

art 
and explain how work set in each of these paradigms can 
be found in Figuring Fibers.

Figure 2. [FF 7, Figure 31 (left), p. 161] A model of a portion of 
the murhombicuboctahedron (4,4,4,6) by S. Louise Gould. 
Each face consists of two bonded layers of fabric, one machine 
embroidered; the bound edges are stiffened with boning.

Figure 3. [FF 8, Figure 2, both photos, p. 176] One of a pair of 
quilts designed by Barbara E. Nimershiem to model  Thurston’s 
decomposition of the complement of the Borromean rings can 
be reconfigured from a boundary between half spaces to the 
boundary of an octahedron.  

is the knitting equivalent of gymnastics! Fortunately there 
are detailed instructions (in terms of braid presentations) 
for setting up projects.

Gould [FF 7] has chosen the medium of layered fabric 
with embroidery for its physical advantages as she models 
infinite semiregular polyhedral surfaces. Bonding two lay-
ers of fabric in different colors distinguishes the two sides 
of a surface; embroidery highlights symmetries. Her work 
extends the long tradition of building models of polyhedra 
(see, e.g., Wenniger [Wen]) to infinite surfaces. Even small 
sections of these highly connected surfaces require many 
pieces, and Gould works at the edge of what can be con-
sidered handcrafting. She draws templates in Geometer’s 
Sketchpad, then follows computer-controlled cutting and 
embroidery with hand assembly of the models. The narra-
tive of her process is enthralling.

Finally, Nimershiem’s [FF 8] pair of quilts modeling 
boundaries in Thurston’s construction of a hyperbolic struc-
ture on the complement of the Borromean rings is virtuosic 
crafting. She combines traditional quilting with an array 
of idiosyncratic techniques: channels made of commercial 
eyelet ribbon hold both drawstrings and rigid sticks, while 
bits of flexible tubing become joints. The resulting quilts 
can be reconfigured from a flat half-plane configuration to 
symmetric octahedra.

3. Onwards! 
As mathematical fiber arts gradually matures into a profes-
sional pursuit, we should ask: what are the central ques-
tions? What are the goals? 
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I would add two additional categories. First, on the 
border with history: what mathematics do crafters already 
know, or must they necessarily know, to carry out their 
work? In Figuring Fibers Shepherd and Givens touch on 
these issues for quilt design and stitch pattern selection, re-
spectively. This question can also be asked about particular 
experts: for instance, the great twentieth-century knitting 
authors Elizabeth Zimmerman and Barbara Walker, who 
broadly systematized techniques, but also current design-
ers, such as Cat Bordhi or Norah Gaughan, who explicitly 
use mathematical themes. ([CC 1] riffs beautifully on 
Zimmerman’s classic Pi Shawl pattern [Zim].) 

Second, on the border with psychology and complexity: 
what structures are possible for human beings to construct, 
using a given craft? What makes patterns satisfyingly in-
tricate, but not overwhelmingly difficult? How does auto-
mation fit in? Why is it so difficult to follow randomized 
patterns? How do crafters modify instructions as they work, 
and, in the spirit of Gowers’s question on when two proofs 
are essentially the same [Gow], how far can the changes go 
before it becomes a different pattern? 

Yackel and belcastro have maintained an admirable 
commitment to broad accessibility throughout their series 
of volumes. I wonder, though, whether this area is ready 
for somewhat more specialized channels: more targeted 
at fiber arts-experienced readers and mathematically ma-
ture readers, respectively. In some sense the split in mood 
between the first five and last three papers in FF already 
corresponds to this division.

What would it take to position a volume on mathemat-
ical fiber arts for a broad crafting audience? More photo-
graphs, shot more professionally and printed better, to start. 
The lack of color saturation in the hard-copy Figuring Fibers 
is heartbreaking; the warmer tones and brighter reds in the 
electronic version (why is it not available on Amazon?) 
show that some fault lies in the printing. But more work-
in-progress photographs, more careful arrangement of 
displayed work, non-distracting background settings, and 
better lighting would all be appreciated. Consistently in-
cluding accessible mini-projects (as Calderhead and Gould 
do) and guidance on locating unusual tools or materials 
would be appropriate, as would be marketing through craft-
ing channels: Ravelry groups? Knit (or…)-a-alongs? Kits? 

For a technical audience: are we ready for a journal of 
mathematical crafting? Or some regular series of proceed-
ings, expecting authors to display novelty in at least one 
of: the underlying mathematics, the connection between 
the mathematics and the craft, and the craft techniques 
used? I leave it to any future editors to decide what media 
to include (fiber? origami? 3D-printing? any physical real-
ization?), and whether work on theoretical crafts should 
be allowed—that is, discussions of objects that could be 
produced, but haven’t actually been.

Back in 1987, more out of honesty than any ideological 
commitment, I ignored my teachers’ advice and left the 

Elizabeth Wilmer

discussion of knitting and crochet on my Westinghouse 
entry forms. In 2019, I was truly delighted that the spec-
tacular Gould and Nimershiem chapters of Figuring Fibers 
draw mathematical inspiration from, respectively, the work 
of J. Richard Gott [Got] and Bill Thurston [Thu]—both of 
whom were judges for the 1987 Westinghouse competition. 
The appearance of these specific mathematical topics is, of 
course, accidental—low-dimensional geometry is what’s 
susceptible to physical realization!—except that Gott and 
Thurston shared both vivid visual imaginations and strong 
commitments to outreach. The editors and authors of 
Figuring Fibers do too, as they braid together fiber arts and 
serious mathematics. 
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Crocheting Adventures 
with Hyperbolic Planes 
Tactile Mathematics, Art  
and Craft for all to Explore  
(Second Edition) 

by Daina Taimina

Despite the title, Cro-
cheting Adventures is not 
strictly about crochet-
ing. Instead, it is a lav-

ishly illustrated tour of geometry from its historical begin-
nings through the classification of 2-manifolds, hyperbolic 
geometry, minimal surfaces, and much more. In particular, 
a wide range of geometric thought and ideas from many 
different cultures is discussed. The mathematical level is 
suitable for students and professors alike.

This is the much-anticipated second edition of the Euler 
Book Prize-winning 2009 original. New to the second edi-
tion are personal recollections of the author and feedback 
from her readers, along with an extended discussion of how 
hyperbolic geometry appears in a diverse array of fields such 
as medicine, architecture, fashion, and biology.

Although pictures of the author’s crochet creations 
grace many of its pages, the crochet models are not ends 
in themselves, but are used to illustrate important ideas 
or themes. For example, Taimina illustrates many of the 
properties of parallel lines in hyperbolic geometry through 
crochet models. The book itself contains well over 350 color 
illustrations and it is a sight to behold. Crocheting Adventures 
is a perfect mathematical coffee table book or conversation 
starter. One can easily imagine visitors to the department 
lounge eagerly flipping through its pages or marveling at 
its many images.

Will This Be on the Test?  
What Your Professors Really Want You to Know 
about Succeeding in College 

by Dana T. Johnson  
(with Jennifer E. Price)

Every incoming college or uni-
versity student should read this 
compact guidebook to success in 
higher education. In particular, 
Will This Be on the Test? contains 
a wealth of “common sense” in-
formation that, unfortunately, not 
every student knows. First-genera-

tion college students may find this book a valuable resource 
to learn the unwritten rules and norms of college-level 
academics. Professors will smile at the frequent comic-style 
illustrations that depict common frustrating situations. For 
example, one image shows a professor with her face buried 
in her palms after reading a student’s email: “My average in 
your course is only 54%. What can I do for extra credit?” In 
another, a student asks, “When’s the first assignment due?” 
while an inset of the course syllabus clearly indicates the 
precise due date.

Will This Be on the Test? is divided into five parts, each 
of which is subdivided into several chapters. The first part, 
“Getting the Big Picture,” focuses on some of the key dif-
ferences between high school and college. For example, 
it discusses faculty research and explains the distinction 
between the various professorial ranks. The next part, “In-
side Your College Classroom,” explains the significance of 
course syllabi and examines acceptable classroom behav-
iors. The third part, “Communicating with Your Professor,” 
covers the importance of office hours, email etiquette, and 
how to obtain letters of recommendation. “More Advice 
for College Success” concerns time management, writing 
tips, and ethical considerations. The fifth and final part, 
“Final Words of Wisdom,” is aimed at parents and focuses 
on preparing and supporting children who are going off 
to college.
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sultant Eriko Hironaka. Her email address is ehironaka@amsbooks.org.

pyramid to give at once a view of the rational numbers as 
an ordered sequence, and at the same time a view of the 
multitude of subsequences (corresponding to paths going 
down the pyramid) that converge to different limits.

With its friendly and clear style, clever pedagogical ideas, 
and finely honed organization, this book will appeal to 
instructors looking for a modern and creative approach to 
introducing students to higher mathematics.

Invitation to Ergodic Theory 
by C. E. Silva

Ergodic theory, which originated 
in statistical mechanics, studies 
the long-term behavior of abstract 
dynamical systems using mea-
sure theory. This relatively young 
and still growing field has ap-
plications in probability theory, 
number theory, and topological 
dynamical systems. Silva’s book 
gives an appealing introduction 
to the subject aimed at under-

graduates who have taken a first course in real analysis, 
and who would like to get a taste of its applications in an 
active research area.

The author does not assume any previous knowledge 
of measure theory, and spends a quarter of the book de-
veloping the Lebesgue measure and Lebesgue integration. 
In this way the book achieves a secondary purpose, giving 
an introduction to measure theory, putting it into a con-
text and illuminating its connections to a broad range of 
applications.  

The first chapter of the book gives a thorough treatment 
of Lebesgue measure, sigma algebras, and measure spaces.  
This is followed by a chapter on recurrence and ergodic-
ity, presenting important examples like the Baker’s map, 
rotations of the circle, and the doubling map. The third 
chapter returns to the topic of Lebesgue integration, and 
is followed by a chapter on the Birkhoff Ergodicity Theo-
rem and Weyl’s equidistribution theorem and a chapter 
on different notions of mixing, including a discussion of 
Chacón’s transformation.

Explorations in Analysis, Topology, 
and Dynamics  

An Introduction to Abstract Mathematics 
by Alejandro Uribe A.  
and Daniel A. Visscher

This book grew out of a course 
for beginning math majors at the 
University of Michigan that used 
an inquiry-based-learning (or 
IBL) approach to teach introduc-
tory real analysis with forays into 
point-set topology and dynamical 
systems. The book starts with fa-

miliar material from high school mathematics, then leads 
students, using cleverly crafted sequences of questions 
and problems, to understand and internalize the rigorous 
theory behind familiar topics such as sequences, deriva-
tives, and integrals. In less than 200 pages, the book even 
finds space and a natural progression of ideas to introduce 
students to advanced topics not usually covered in intro-
ductory courses, such as iterations of quadratic maps, the 
doubling map, fractals, and billiards.

Given that the active learning philosophy of IBL holds 
as a central principle that students learn better when they 
teach themselves through problem solving with judicious 
but minimal guidance, one may well wonder at the role of 
a textbook. This book is much more than a list of problems.  
It also establishes and maintains a powerful narrative arc, 
using repeated themes like nested intervals and iterations 
to create unity and inevitability as its story unfolds.

Another pleasing feature of the book is its innovative use 
of definitions and constructions to simultaneously simplify 
the exposition and make it more effective and memorable. 
For example, early in the book it asks students to show that 
a real number is rational if and only if it is commensurable 
to 1, presenting the dichotomy of rational and irrational 
numbers in a way that develops further meaning in later 
sections on rotations of the circle. In another example, 
the rational numbers between 0 and 1 are arranged in a 

http://
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celebrate our fifth anniversary, we are continuously striving 
to expand the diversity among our honorees, increase their 
visibility, and honor their stories. Below we present the pro-
files of five of the 2020 Lathisms honorees. These honorees 
were selected to illustrate the diversity of those who form
the Lathisms community.

Javier Alejandro 
Chávez-Domínguez
“For me, Hispanic Heritage Month is 
an excellent opportunity to stress the 
immense power of role models. When I 
was a teenager, I learned that another 
student from the same high school had 
gone on to get a PhD in mathematics in 
the US. This seemingly innocuous bit of 
information completely changed my life, 
because it instantaneously gave me the 
certainty that such a path was possible 
for myself. One of the greatest privileges 
of my professional life is the possibility 

of inspiring younger generations, by being living proof that their 
dreams can be achieved.”

—Javier Alejandro Chávez-Domínguez

Biography: Dr. Javier Alejandro Chávez-Domínguez was 
born and raised in Guadalajara, Mexico, in a family that 
always emphasized the importance of education. Fasci-
nated by science since childhood, he was fortunate enough 
to attend a high school with a strong extracurricular math 

Lathisms (Latinxs and Hispanics in the Mathematical Sci-
ences, www.lathisms.org) provides an accessible platform 
that features the outstanding research, teaching, mentoring, 
and service contributions of Latinxs and Hispanics to the 
mathematical sciences. Since 2016, Lathisms has featured 
122 diverse mathematicians, highlighting one per day 
during US Hispanic Heritage Month, which is celebrated 
September 15–October 15. The website, which has been 
visited more than 250,000 times since its inception, also 
features some of the honorees in podcast interviews by 
Evelyn Lamb, and each honoree is featured in freely down-
loadable posters.

The Latinx community is vibrant and encompasses a 
multitude of identities, backgrounds, and aspirations. As we 

2020 Lathisms: Latinxs 
and Hispanics in the 

Mathematical Sciences
Pamela E. Harris, Alicia Prieto Langarica, 

Vanessa Rivera Quiñones, Luis Sordo Vieira, 
Rosaura Uscanga, and Andrés R. Vindas Meléndez

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

Alicia Prieto Langarica is a professor of mathematics and statistics at 
Youngstown State University. Her email address is aprietolangarica 
@ysu.edu.

Vanessa Rivera Quiñones is a freelance data scientist. Her email address 
is riveraq2@illinois.edu.

Luis Sordo Vieira is a research assistant professor in the Department 
of Medicine at the University of Florida. His email address is luis 
.sordovieira@medicine.ufl.edu.

Rosaura Uscanga is a PhD candidate at Oklahoma State University. Her 
email address is rosaura.uscanga@okstate.edu.

Andrés R. Vindas Meléndez is a PhD candidate at the University of Ken-
tucky. His email address is andres.vindas@uky.edu.

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

DOI: https://dx.doi.org/10.1090/noti2134

Javier Alejandro 
Chávez-Domínguez, 
Assistant Professor, 
The University of 
Oklahoma
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the mathematical journeys of others; be it by mentoring 
undergraduate researchers, judging poster competitions, 
mentoring postdocs, or teaching a special class for an in-
carcerated student.

Jessica Deshler
“Hispanic Heritage month, to me, is a 
time to reflect on where we came from 
and what we can accomplish. Particu-
larly for mathematics, it is also a time to 
reflect on who is supported to be a part of 
the mathematical community, and where 
we might need to continue to develop 
support structures and remove barriers 
for others.”

—Jessica Deshler

Biography: Dr. Jessica Deshler grew 
up in Albuquerque, New Mexico, 

surrounded by family members, and knew she would 
stay close to her roots while pursuing an education. Her 
family’s roots begin in Central Texas and in the lands of 
northern New Mexico before the land was part of the US. 
She knew she would study mathematics from an early 
age, having some amazing opportunities in middle and 
high school to pursue creative mathematics. She earned 
her undergraduate degree from New Mexico Institute of 
Mining and Technology, and her graduate degrees from the 
University of New Mexico, all in mathematics. All four of 
her children were born while she was in graduate school, 
and she uses this experience to advocate for mathematics 
students who also want to begin their families. She is now 
professor of mathematics and graduate program director at 
West Virginia University (WVU), where she is only the third 
woman and first Hispanic faculty member to be promoted 
to full professor. She spent 2015–2016 as a US Fulbright 
Scholar in Hungary, where she mentored doctoral students.

Her passion for mathematics and teaching led her to 
change her research path from applied mathematics and 
fluid dynamics to the field of undergraduate mathematics 
education during her doctoral program. She has estab-
lished herself as a leader in the field, especially in the area 
of graduate student professional growth. She strongly be-
lieves that positive experiences in teaching and mentoring 
while in graduate school have a huge impact on the future 
careers of mathematics graduate students. She studies how 
graduate students progress in their teaching philosophies 
and practices as they participate in various teaching ex-
periences. She also has a passion for supporting students 
from all backgrounds and has studied the ways in which 
undergraduate classrooms support, or not, women and un-
derrepresented students. Her work has been supported by 
the Mathematical Association of America, the National Sci-
ence Foundation (NSF), and the US Fulbright Commission.

program. This led him into the Math Olympiads, which 
showed him the beauty of the subject and provided a 
community where he felt right at home. Thus, becoming a 
mathematician was an easy choice to make.

A scholarship from the Centro de Investigación en 
Matemáticas allowed him to attend a strong mathematics 
undergraduate program, obtaining a BSc from the Univer-
sidad de Guanajuato in 2004. Afterwards, he received an 
MSc from the Universidad Nacional Autónoma de México 
in 2006, and then he moved to the US, where he earned a 
PhD at Texas A&M University under the direction of Wil-
liam B. Johnson in 2012. Before arriving at the University 
of Oklahoma, where he is an assistant professor of mathe-
matics, he held positions as an R. H. Bing Instructor at the 
University of Texas at Austin and as a Severo Ochoa Post-
doctoral Researcher at the Instituto de Ciencias Matemáti-
cas in Madrid, Spain.

His research is in functional analysis, with a particular 
emphasis on the geometry of normed spaces. Since such 
spaces possess both a linear structure and a metric one, 
they provide a useful framework for modeling types of 
real-world data where it makes sense to add things up. He 
also likes to explore situations where one can achieve the 
desired goal regardless of the particular normed space being 
considered. Frame theory is a popular model for signal pro-
cessing, where, in a nutshell, we gain advantages by, instead 
of using a basis for a vector space, throwing in extra vectors 
to create redundancy. In this setting, it is typically assumed 
that the space is Euclidean. Some of Dr. Chávez-Domín-
guez’s work is dedicated to showing that portions of frame 
theory actually work in any other normed space. Another 
area of his research is the geometry of operator spaces, 
which is related to quantum information theory. The study 
of which geometric properties of normed spaces have a 
quantum counterpart is a subject he finds fascinating.

Being interested in mathematics through his involve-
ment in the Math Olympiads, Dr. Chávez-Domínguez’s 
approach to the teaching of mathematics is strongly 
rooted in problem solving. He finds that this approach 
helps demystify the proof writing process. This strategy 
is particularly important for students in his Introduction 
to Analysis class, which is his favorite class to teach at the 
University of Oklahoma.

Dr. Chávez-Domínguez strongly believes that mathe-
matical research, even in pure mathematics, is much more 
accessible to undergraduate students than it may first ap-
pear. By giving students simplified versions of problems, 
motivated students can start proving original results rela-
tively quickly. This experience reveals to the students that 
they can contribute to the discipline while learning from 
it. This forever changes their relationship with the subject, 
because doing mathematics is now a two-way street instead 
of something that is only handed down to them. He finds 
joy in a variety of other ways in which he can be of help in 

Jessica Deshler, 
Professor, Graduate 
Program Director,
West Virginia 
University
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togetherness, and warmness is and will always be more powerful 
than hate, insults, and selfishness.”

—Alexander Diaz-Lopez

Biography: Dr. Alexander Diaz-Lopez was born and raised 
in Puerto Rico, spending his early years playing sports, 
video games, and board games with his cousins and sister. 
While always fond of mathematics, it was not until senior 
year of high school that he seriously considered a math ca-
reer, mainly because he needed to choose a major to apply 
to college. Not knowing what “mathematics” meant at the 
time, he decided to major in pure mathematics and get a 
teaching license. In the process, interactions with profes-
sors Drs. Frank Morgan, Reyes Ortiz, Edray Goins, Ivelisse 
Rubio, and Juan Ortiz made him realize his passion was to 
study and do research in mathematics and teach students 
at the collegiate level. After participating in summer un-
dergraduate research experiences at Williams College and 
at the Mathematical Sciences Research Institute (MSRI), he 
finished his bachelor’s degree at the University of Puerto 
Rico, Mayagüez, and then his master’s and PhD degrees 
at the University of Notre Dame, under the guidance of 
Dr. Matthew Dyer. Since then, he has been involved in 
several initiatives/organizations such as the Society for the 
Advancement of Hispanics and Native Americans in Sci-
ence, Lathisms, Notices of the AMS, MAA Project NExT, the 
Kinesis Foundation, Villanova’s DREAMS, and Co-MaStER 
programs. He is currently an assistant professor of mathe-
matics at Villanova University.

His research is in the area of Coxeter groups, particularly 
from an algebraic combinatorics point of view. Coxeter 
groups can be realized as groups of reflections of certain 
geometric structures called root systems. Lately, he has 
been studying peaks of permutations, peak and descent 
polynomials, and their analogues to other Coxeter groups.

His teaching philosophy and goals are heavily shaped 
by two axioms (originally shared by Dr. Federico Ardila): 
first, mathematical potential is distributed equally among 
all members of society; second, provided the right envi-
ronment and mentorship, everyone can have a successful 
and meaningful experience with mathematics. It is then 
his goal to use mathematics to help and encourage every 
student to have a richer, more humane, more interesting, 
and more intellectual life. To achieve his goal, he has set a 
list of smaller goals that guide his teaching decisions. He 
wants his students to be intellectually curious, have the 
confidence that they can solve problems and understand 
things, learn from mistakes, be resilient and persistent, 
develop creative problem-solving skills, improve how they 
work with others, and love and enjoy learning.

Dr. Diaz-Lopez has served as a mentor for several 
groups of students. Notably, he has mentored students 
that participated in MSRI’s Undergraduate Program 2013, 
Summer Academy for Math and Science 2014, Villanova’s 

As a graduate student, she received minimal preparation 
in teaching. Hence, she now strives to advocate for oppor-
tunities for graduate students to grow as teachers. She is 
involved in projects that aim to improve and understand 
the current state of such opportunities across the US. She 
also was a coauthor of the Mathematical Association of 
America’s instructional Practices Guide (2018).

Dr. Deshler creates teacher preparation opportunities 
that are centered around knowing that students learn best 
by being guided through their learning and actively doing 
mathematics in the classroom. But teaching a class entirely 
through student-centered instructional strategies can be 
overwhelming for new instructors. Thus, Dr. Deshler’s work 
has focused recently on supporting new instructors through 
peer mentoring to implement small-scale practices and ac-
tivities that they can manage more easily. She has also been 
involved in programs that support in-service teachers seek-
ing an Elementary Mathematics Specialist Endorsement. 
This includes being a Co-PI on an NSF-funded project 
whose aim is to develop mathematics master teachers at 
the secondary level.

She currently serves as graduate program director and 
teaching assistant coordinator in her department, over-
seeing the advising and progress of approximately fifty 
full-time graduate students, and the professional growth 
of approximately thirty graduate teaching assistants. She 
advocates for women in mathematics, especially students 
who do not believe they can simultaneously be mathemati-
cians and have a family life. Besides serving on department 
committees, she has served as a faculty associate for the 
WVU Center for Women’s and Gender Studies, a Provost’s 
Fellow in the Office of Graduate Education, and is a mem-
ber of the WVU Council for Women’s Concerns. In her 
commitment to the state of West Virginia she has worked 
with in-service elementary and secondary school teachers 
through a variety of funded projects. Moreover, as dean 
of students, she has led West Virginia Governor’s STEM 
Institute, a state-sponsored summer residential program 
for rising eighth-graders.

Alexander Diaz-Lopez
“Hispanic Heritage Month is a time to 
celebrate the culture and contribution 
of Hispanics and Latinxs to the United 
States of America. In a country that is 
currently deeply divided among ideolo-
gies and whose leader promotes negative 
stereotypes of our people, this is a time 
to rally together, support each other, 
showcase our contributions, and send 
a message to the world that love, unity, 

Alexander Diaz-
Lopez, Assistant 
Professor, Villanova
University
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She has taught over a dozen different university courses, 
including Discrete Mathematics, Galois Theory, Group 
Theory, Algebraic Number Theory, Elliptic Curves, and 
Modular Forms. She is proud to have taught in three dif-
ferent languages. Dr. Lalín likes challenging students with 
stimulating problems whose aim is to make connections 
between different topics. Her goal is to have a fun and sup-
portive classroom environment. She has also taught mini-
courses in several undergraduate summer schools and has 
been a frequent speaker at the local Mathematics Club and 
other outreach venues, where she has shared her research 
and love for the Rubik’s cube with undergraduate and high 
school students. She has supervised the research of more 
than forty-five undergraduates, graduate students, and 
postdocs, and has written fifteen articles with her mentees.

She has also been involved in various programs aimed 
at encouraging the participation of women in mathematics 
and has served on committees or collaborated with the 
Association for Women in Mathematics, the Committee for 
Women in Mathematics from the International Mathemat-
ical Union, and the Women in Mathematics Committee of 
the Canadian Mathematical Society (CMS). She is a mem-
ber of the steering committee for Women in Numbers, a 
community that promotes the participation of women in 
number theory research. She has served as a coordinator in 
three International Mathematical Olympiads, as a member 
of the Canadian Mathematical Olympiad committee of 
the CMS, and as a Putnam coach in her department. She 
is currently the vice president (Quebec) of the CMS. She 
serves on the Board of Directors of the Banff International 
Research Station and has served in the Natural Sciences and 
Engineering Research Council of Canada Discovery Grant 
Mathematics and Statistics Evaluation Group. She has 
been a member of several scientific committees, including 
those of BIRS and CRM. She is an editor for the Publications 
Mathématiques de Besançon–Algèbre et Théorie des Nombres.

Virginia Naibo
“I am grateful for the excellent education 
that I received in Argentina and to the 
people who have inspired me throughout 
my professional career. By showcasing 
the accomplishments of Latinas, Latinos, 
and Hispanics in the mathematical sci-
ences, Hispanic Heritage Month brings 
role models to the attention of current 
and future generations and embold-
ens them to pursue careers in STEM 
disciplines. This important endeavor 
contributes to a culturally enriched and 
diversified mathematical community.”

—Virginia Naibo

2018–2019 Center for Undergraduate Research in Mathe-
matics Research Group, and participants of the 2018 and 
2019 DREAMS and 2019–2020 Co-MaStER program. He 
is passionate about providing opportunities for students 
to explore and engage in meaningful mathematical expe-
riences.

Matilde Lalín
“My culture and my heritage are an 
essential part of me and influence how 
I view the world and how I do mathe-
matics. I welcome the opportunity to get 
to know other members of the Hispanic 
community, to learn from their struggles, 
and to celebrate their contributions and 
achievements, both in life and in an 
ever-evolving and increasingly complex 
mathematics world.”

—Matilde Lalín

Biography: Dr. Matilde Lalín grew up in Buenos Aires, 
Argentina. She has been interested in science since an 
early age, and in elementary school she dreamed of being 
an astronomer. She became particularly keen on mathe-
matics during high school, when she started participating 
in the Argentinean Mathematical Olympiad. She earned a 
licenciatura (BS) at the University of Buenos Aires in 1999 
and a PhD under the guidance of Dr. Fernando Rodriguez- 
Villegas at the University of Texas at Austin in 2005, as a 
Harrington Fellow. She was a member at the Institute for 
Advanced Study; a visitor at the Mathematical Sciences 
Research Institute, Institute of Advanced Scientific Studies, 
and the Max Planck Institute; and a Pacific Institute for the 
Mathematical Sciences postdoctoral fellow at the University 
of British Columbia. In 2007, she started as an assistant pro-
fessor at the University of Alberta, and in 2010, she moved 
to Université de Montréal, where she is currently a professor 
and a member of the Centre de Recherches Mathématiques.

Her research interests in number theory revolve around 
the study of L-functions, which can be described as gener-
alizations of the Riemann zeta function, and elliptic curves. 
Her work involves working with the Mahler measure, a 
height that can be defined on polynomials, and she studies 
relations between special values of L-functions and Mahler 
measures. Her work contributes to the understanding of 
general statements such as the Beilinson conjectures. These 
questions have led her to the study of polylogarithms 
and regulators and to applications to low-dimensional 
topology. She has also been very interested in distribution 
questions around L-functions, and questions in arithmetic 
statistics of function fields involving the distribution of the 
number of points and of zeta zeroes in families of curves 
and moments of L-functions.

Matilde Lalín, 
Professor, Université 
de Montréal

Virginia Naibo, 
Professor, 
Mathematics 
Department, Kansas 
State University
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Competition, the Mathematical Contest in Modeling, and 
the Kansas Collegiate Mathematics Competition. She has 
participated in the curriculum development of her depart-
ment through the creation of novel courses and a graduate 
certificate in applied mathematics.

She is currently one of the organizers of the Prairie 
Analysis Seminar, an NSF-funded annual international 
conference. Her outreach activities include the organization 
of workshops for K–12 students, such as Sonia Kovalevsky 
Day and The First MathPhysChem Symposium for Middle 
School Students in Kansas, as well as collaborations with 
the Kansas State Office for the Advancement of Women in 
Science and Engineering through the Girls Researching Our 
World Program. She served as the director of the Kansas 
State Center for the Integration of Undergraduate, Graduate 
and Postdoctoral Research from 2010 to 2013. She served 
as chair of the Kansas Section of the Mathematical Asso-
ciation of America from 2012 to 2013. She is currently a 
member of the Human Resources Advisory Committee of 
the Mathematical Sciences Research Institute at Berkeley.

Credits
Photo of Dr. Chávez-Domínguez is courtesy of Javier Alejan-

dro Chávez-Domínguez.
Photo of Dr. Deshler is courtesy of Jessica Deshler.
Photo of Dr. Diaz-Lopez is courtesy of Villanova University.
Photo of Dr. Lalín is courtesy of Pablo Bianucci.
Photo of Dr. Naibo is courtesy of Kansas State University, 
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Biography: Dr. Virginia Naibo grew up in Rosario, Ar-
gentina. She discovered her love for mathematics in high 
school and was inspired by her parents and teachers to 
pursue her passions. She earned a licenciatura (BS) in 
mathematics from Universidad Nacional de Rosario and 
her doctorate in mathematics from Universidad Nacional 
del Litoral. She held a three-year postdoctoral position at 
the University of Kansas and was a tenure-track assistant 
professor at Rose-Hulman Institute of Technology for 
a year before joining the mathematics faculty at Kansas 
State University, where she is a professor and associate 
department head.

Dr. Naibo’s research interests are in Fourier analysis, 
which, in a broad sense, facilitates the study of signals, such 
as sounds and images, by breaking them down into fun-
damental pieces. Her more recent work concerns different 
aspects of linear and bilinear pseudodifferential operators 
and singular integrals, Leibniz-type rules, commutator 
estimates, and function spaces. Applications of her work 
include pointwise multiplication properties of function 
spaces; well-posedness results for Euler, Navier–Stokes, 
and Korteweg-de Vries equations, as well as for the ideal 
magnetohydrodynamic equations; smoothing properties 
of Schrödinger semigroups; and scattering properties of 
solutions to systems of partial differential equations asso-
ciated to local and nonlocal operators. Her research has 
been funded by the NSF and her work has been published 
in internationally recognized journals.

She has taught a diverse set of classes that range from 
undergraduate courses in calculus, mathematics for ele-
mentary school teachers, applied matrix theory, and digital 
image processing, to graduate-level courses in measure 
theory, Fourier analysis, partial differential equations, and 
topics specific to her research. She believes that active learn-
ing plays a central role in developing conceptual abilities 
and analytical skills, so she makes sure that students are 
engaged during class by using questions throughout the 
lecture to guide thinking and evaluate comprehension. 
She is an advocate for the use of technology in instruction, 
creating and developing courses in topics on digital image 
processing and applied matrix theory that include com-
puter lab components. She has been nominated for teach-
ing awards at the college and university levels and featured 
in the educational project “Science in Kansas–150 years 
and counting” sponsored by the Ad Astra Kansas Initiative.

Dr. Naibo has served as the doctoral advisor of three 
graduate students and the mentor of a postdoctoral fellow. 
She has supervised undergraduate research projects in top-
ics such as the development of Fourier analysis techniques 
in digital image processing as well as in interdisciplinary 
collaborations in chemistry and mathematics. Most of 
these students have continued to pursue doctoral degrees 
in STEM. She has extensively trained undergraduate stu-
dents for mathematics competitions, including the Putnam 
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WASHINGTON UPDATE

Introduction 
Each year our elected lawmakers determine how much 
money will be allocated to the National Science Foundation 
(NSF), money the agency then uses to fund researchers and 
students. Sixty-seven percent of all federal funding for basic 
mathematics research done at colleges and universities 
comes from the NSF. 

The first step in the annual process of allocating funds 
is for the president to unveil the administration’s priorities 
for spending. Fiscal year 2021 (FY21) priorities for NSF 
spending focus on “industries of the future,” including ar-
tificial intelligence, quantum information science, wireless 
research, advanced manufacturing, and biotechnology.

There are a few proposed cuts that are quite severe and 
are to NSF programs well-used by the mathematics commu-
nity, including a 30% cut to the Faculty Early Career Devel-
opment Program (CAREER) and an almost 20% cut to the 
Research Experiences for Undergraduates (REU) program.1

The president’s proposal would hurt students and 
faculty at Minority Serving Institutions. Hispanic Serving 
Institutions would see a dramatic 68% cut; the Historically 
Black Colleges and Universities (HBCU) Undergraduate 
Program and the HBCU Excellence in Research programs 
are slated to be cut by 11% and 47%, respectively; and 
Tribal Colleges and Universities would experience a 17% 
decline in investment.2 

Outside of the NSF, there are other proposed cuts that 
would affect our community. President Trump proposes 
to eliminate the Public Service Loan Forgiveness program. 
This program aims to help those who have careers in pub-
lic service. In short, it erases remaining student loans for 
those who enter careers in public service and who make 
regular payments for ten years. Math professors who work 
at a public state college or city college are often eligible for 
student loan forgiveness through this program.

If you’d like to learn more about the process, a brief 
description of the very complex annual appropriations 
process appears on the AMS Office of Government Rela-
tions website.3 

The Impact Trump’s  
Proposed 2021 NSF Budget 
Would Have on Mathematics
Karen Saxe

Karen Saxe is associate executive director of the AMS and director of the 
Office of Government Relations. Her email address is kxs@ams.org.
1All decreases and increases in this article are from FY19 levels, unless 
otherwise stated.

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

DOI: https://dx.doi.org/10.1090/noti2136

2The numbers in this paragraph compare with FY20 levels.
3https://www.ams.org/government/dc-budgetprimer
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engineering graduate students receiving federal funds; in 
mathematics and statistics, it is 60%.9 The number of new 
GRFP fellows (across all fields) is expected to drop from 
1,976 in FY19 to 1,600 in FY21. The GRFP decrease would 
be accompanied by a large increase in funding for NRT. The 
traineeship program is distinguished from the GRFP by its 
emphasis on graduate students—at both the Masters and 
PhD level—working in research areas of national priority. 
This NRT expansion will include a special focus on train-
eeships in artificial intelligence and artificial intelligence 
engineering. The GRFP program will also increasingly align 
awards with administration priorities, including artificial 
intelligence and quantum information science. 

What’s Next in the Appropriations Process?
The president’s budget is just a first step taken annually in 
determining final appropriations; the White House released 
this budget—“A Budget for America’s Future”—on February 
10.10 Next, the Senate and House each arrive at their own 
proposals, and then hash out their differences. This process 
takes place, usually, from March through September. When 
(and if) this is done, the president is then asked to sign 
their proposal into law. If this process does not come to 
completion by October 1, we get a government shutdown. 
One way to avoid a shutdown is to put in place a continu-
ing resolution,11 which can be used to provide temporary 
funding to continue programs and activities until final 
appropriations are agreed to. 

Last cycle, on September 26, 2019, a continuing reso-
lution was enacted that lasted until November 21 and, on 
that day, a second one was passed that lasted until final 
appropriations were completed on December 16. The year 
before, there was a series of three continuing resolutions, 
but there was a gap between two of them and this resulted 
in a (partial) government shutdown. If you recall, the 2019 
Joint Mathematics Meetings took place during this gap 
and, as a result, NSF staff could not participate fully at our 
meetings, a real loss for the community.

Congress is not likely to embrace the president’s bud-
get, and final NSF appropriations have always exceeded 
President Trump’s proposals. In advance of the release of 
his budget, the NSF and the president work together on 
specifics of how the agency would spend the amount he 
wants to give them. There are political games played—the 
NSF might go along with the president’s proposal for a 
smaller budget for the GRFP (as well as for other programs 
Congress loves) because they strongly believe that Congress 
will not want to reduce the number of graduate students 
supported through this program and thus will give the NSF 

Some Proposed Budget Details for Mathematics
President Trump’s FY21 proposal for NSF funding favors the 
“industries of the future,” and proposes significant cuts to 
investments in all other areas of research, STEM education, 
and broadening participation activities. The “Big Ideas” 
continue to garner support.4 Cybersecurity continues to be 
an area of interest, and numerous activities will be funded 
in 2021 through the Safe and Trustworthy Cyberspace 
(SaTC) program.5 Outside of the NSF, a winner in science 
is space exploration; specifically, the National Aeronautics 
and Space Administration (NASA) would receive a boost 
for its Moon to Mars program.6 Funding to NASA and NSF 
come from the same budget pool, so a gain for NASA must 
be balanced with cuts to other agencies such as the NSF.7 

For FY21, President Trump proposes a total of $7.7 
billion for the NSF, which is a 6.5% decrease from FY20. It 
is estimated that the NSF will receive over 34,000 research 
grant proposals and that about 25% will—if the president’s 
budget is in fact adopted—be funded (this percentage 
varies, quite a bit, by directorate). Of the $7.7 billion, ap-
proximately $1.4 billion will go to the Directorate for Math-
ematical and Physical Sciences and, of that, $215 million 
will go to the Division of Mathematical Sciences (DMS). 
This represents a 9.4% DMS decrease from FY19 (final 
numbers for FY20 were not all known at the time of this 
writing). Roughly 54% of the DMS portfolio is available to 
support new research grants each year; the remaining 46% 
supports research grants made in prior years. Training the 
next generation of mathematical scientists and supporting 
the Mathematical Sciences Research Institutes remain a 
priority. Partnerships with other disciplines are encouraged.

The Directorate for Education and Human Resources 
(EHR) runs programs to build a diverse and highly skilled 
STEM workforce and also to increase STEM literacy more 
broadly. The proposal from the Trump administration for 
the EHR budget is $931 million, which is a relatively small 
cut of 1%.8 The largest cuts within this are to programs that 
support undergraduate education; the Division of Under-
graduate Education (DUE) would experience a 10.7% cut.

The Division of Graduate Education would benefit in 
FY21 if President Trump’s budget is adopted, with an 11.3% 
increase. Mathematics graduate students are funded directly 
by EHR’s Graduate Research Fellowships Program (GRFP), 
as well as through senior researcher’s individual grants. A 
small number of graduate students in mathematics partic-
ipate in Research Traineeship (NRT) programs. The NSF 
provides support for approximately 32% of the science and 

4https://blogs.ams.org/capitalcurrents/2019/03/07 
/mathematical-sciences-and-the-nsf-big-ideas/

5https://www.nsf.gov/funding/pgm_summ.jsp?pims_id 
=504709&org=DMS&from=home

6https://www.nasa.gov/topics/moon-to-mars
7https://fas.org/sgp/crs/misc/R45702.pdf
8As compared to FY20 level.

9Other federal agencies support the remaining 68% and 40%. Tables 
2–13 at https://www.nsf.gov/statistics/2018/nsb20181/data 
/appendix?achapter561 

10https://www.whitehouse.gov/omb/budget/
11https://fas.org/sgp/crs/misc/R42647.pdf

https://fas.org/sgp/crs/misc/R45702.pdf
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504709&org=DMS&from=home
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=504709&org=DMS&from=home
https://fas.org/sgp/crs/misc/R42647.pdf
https://www.nsf.gov/statistics/2018/nsb20181/data/appendix?achapter561
https://www.nsf.gov/statistics/2018/nsb20181/data/appendix?achapter561
https://blogs.ams.org/capitalcurrents/2019/03/07/mathematical-sciences-and-the-nsf-big-ideas/
https://blogs.ams.org/capitalcurrents/2019/03/07/mathematical-sciences-and-the-nsf-big-ideas/
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Sources
https://www.nsf.gov/about/budget/fy2021/toc.jsp
https://www.nsf.gov/pubs/2020/nsf20005/nsf20005.pdf
https://www.congress.gov/116/meeting/house/110576 

/documents/HHRG-116-SY00-20200227-SD001.pdf
https://www.lewis-burke.com/sites/default/files 

/budget_update_-_analysis_of_the_presidents 
_fiscal_year_fy_2021_budget_request_for_federal 
_research_health_and_education_programs.pdf

a larger total budget than the president’s proposal. Indeed, 
Congress has rejected his previous proposals to cut the 
GRFP program.

By the time you are reading this, it is possible that we will 
know the outcome of FY21 appropriations negotiations. 
I am writing this in May: we are still in the midst of the 
COVID crisis and it is very hard to predict where we will 
be in the life of this pandemic when you read this column. 
Due to Congress’s understandably diverted focus on this 
crisis, it seems quite unlikely that the normal appropria-
tions negotiation calendar will be followed, and a timeline 
is hard to determine. The November election brings addi-
tional uncertainty. Indeed, the 2020 presidential election is 
going to be dramatic, and could bring big changes in federal 
science investments whether we have a second Trump term 
or a party switch in the White House. If your seatbelts are 
not already fastened, fasten them now!

Despite knowing how the budget process is supposed 
to unfold,12 it has not done so in many years and this 
has resulted in us living with continuing resolution after 
continuing resolution, interspersed with government shut-
downs. The last time Congress completed its appropriations 
work on time was in 1996, and there have been many years 
in between without a pandemic to blame for the lack of 
completion. There are various proposals13 out there for 
changing the process altogether. Reform is needed—we are 
stuck and this is hurting Americans and America.

Final Notes
This post has focused on the president’s budget for the 
NSF. To get more details of the NSF budget, to read more 
about the budgets for other science agencies, and to keep 
up-to-date, I highly recommend the American Institute of 
Physics’s Federal Science Budget Tracker.14 

Let me remind you (or tell you if you missed my earlier 
AMS blog post about the history of the NSF15) that this 
year the NSF turned 70, and it is the 75th anniversary of the 
publication of Science, the Endless Frontier, in which Vanne-
var Bush outlined his vision for what would become the 
NSF. Our national investment in the NSF—the only agency 
with no guiding scientific mission determining its choices 
of projects to fund—is more important now than ever!

Karen Saxe 

12https://www.ams.org/government/dc-budgetprimer
13https://www.brookings.edu/blog/fixgov/2019/03/25/enough 
-of-our-budget-farce/

14https://www.aip.org/fyi/federal-science-budget-tracker
15https://blogs.ams.org/capitalcurrents/2019/08/14/some 
-light-summer-reading-a-brief-history-of-the-national 

-science-foundation/

What You Can Do to Make Sure Congress 
Hears the Voices of Mathematicians
The AMS Office of Government Relations advocates for our 
mathematics community. Our website describes the work we 
do in Washington, DC, as well as the programs we run and 
opportunities to engage in AMS policy and advocacy work.16 
This includes information about two of our government-re-
lated opportunities for mathematicians: the AMS CASE 
Fellowships for graduate students and the AMS Congressional 
Fellowships for those with doctorates.

In my Capital Currents blog,17 I write regularly about the 
NSF’s budget; you can subscribe and read my posts therein 
to stay updated. 

The AMS carefully monitors information and legislation 
in Congress on matters that affect the mathematics commu-
nity. When there is a need for your congressional delegation 
to hear from you on an important issue, the AMS Office of 
Government Relations will request that you “Take Action” 
(see the link in the left-hand column of the Office of Gov-
ernment Relations website18). We post these calls to action 
when timely and appropriate and provide you an easy and 
very quick way to contact your senators and representative 
through our website. When you take action, you can elect to 
have your contact information saved for the next time you 
want to contact your congressional delegation, and you can 
also sign up to receive emails related to grassroots advocacy 
in the future. We hope we can count on your participation! 

Credits
Author photo is courtesy of Macalester College/David Turner.

16https://www.ams.org/government/government
17https://blogs.ams.org/capitalcurrents
18https://www.ams.org/government/government
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MATH OUTSIDE THE BUBBLE

Q: What do the following have in common? 

(a) the Ohio town where the cordless phone 
was invented,

(b) the German brand of butter biscuit created 
to rival the French Petit écolier, and

(c) the neon-green orb-weaver spider recently 
discovered by Alireza Zamani.

A: Each is named for a mathematician.

Mathematicians Eponymous
Sophia D. Merow 

Sophia D. Merow is a freelance writer and editor. Her email address is 
sdmerow@gmail.com.

For permission to reprint this article, please contact: reprint-permission 
@ams.org.
DOI: https://dx.doi.org/10.1090/noti2126

Figure 1. Euclid, Ohio; Choco Leibniz; and Araniella villanii.
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Monica (where it takes the place of 13th Street). There’s a 
Euclid Avenue in Brooklyn and San Francisco, in Chicago 
and Cleveland. Twelve miles northeast of Cleveland lies the 
town referred to in (a) above: Euclid, Ohio, was named by 
the surveyors who, in the late eighteenth century, mapped 
the area for the Connecticut Land Company.

The European Space Agency has plans to launch a 
near-infrared space telescope named Euclid—its mission 
is to map the geometry of the dark universe5—but math-
ematicians are already well represented extraterrestrially. 
There are craters named for Chebyshev and Dirichlet (see 
Figure 3), Lambert and Markov, Poisson and Weierstrass. 
The asteroid belt includes minor planets known as 50033 
Perelman and 9999 Wiles.

And it’s not just space scientists showing mathemati-
cians the love. A mathematical namesake made news in 
early 2020 when Iranian arachnologist Alireza Zamani 
named a newly documented species after the Fields-Med-
alist-turned-parliamentarian the media likes to call “the 
Lady Gaga of mathematics.” (Gaga, incidentally, has a 
two-species genus of ferns named after her, as well as an 
extinct mammal and a parasitic wasp.6) Zamani derived 
earlier species names from Spider-Man actors and fictional 
spiders,7 but when naming his latest discovery he honored a 
man famous for his extensive collection of spider brooches, 
Cédric Villani. 

Most often, of course, it’s mathematics that’s named after 
mathematicians: theorems and rules, methods and para-
doxes. And many a mathematical result bears, famously, 
a misnomer of sorts, the name of someone other than its 
originator. Alfred Clebsch and Feodor Deahna established 
the necessary and sufficient conditions, respectively, for 
the so-called Frobenius theorem of differential topology; 
Ferdinand Frobenius applied the result. Simon Newcomb 
formulated what we know as Benford’s law in 1881, fif-
ty-seven years before Frank Benford rediscovered it. In 
1972, H. C. Kennedy proposed what he termed Boyer’s 
law:1 “Mathematical formulas and theorems are usually 
not named after their original discoverers” [1]. 

Further afield from the meat of mathematics, a mathe-
matician’s name can achieve some measure of immortality 
attached to a prize, an institute, an endowed chair—or a 
Paris boulevard. MacTutor catalogs nearly one hundred 
streets in the French capital named after mathematicians.2 
There’s Rue Gaston Darboux in the 18th Arrondissement, 
Passage Poncelet in the 17th. Many of the mathematicians 
similarly commemorated are French, but not all of them: 
Sophie Germain and Lagrange get streets (see Figure 2), but 
so too do Emmy Noether (just north of Paris, actually, in 
Saint-Ouen) and Huygens.3 

One name notably absent from the Paris street signs 
is Euclid’s. He who denied the existence of a royal road 
to geometry has perhaps more miles of pavement to his 
name than any other mathematician.4 Washington, DC, 
has a Euclid Street, as do Detroit, Philadelphia, and Santa 

Figure 2. Rue Lagrange, in Paris’s 5th Arrondissement.

Figure 3. The crater Dirichlet, located on the far side of the moon.

1The Boyer in question is C. B. Boyer, who, in his 1968 book A History 
of Mathematics, observed, “Clio, the muse of history, often is fickle in the 
matter of attaching names to theorems!” 
2See https://bit.ly/3bURviX.
3While the three streets named for women mathematicians—the third is Rue 
Marie-Louise Dubreil-Jacotin (see https://bit.ly/3bArAxk)—include 
first names, the majority of those named for men do not.
4Use Google maps to find the Euclid Street/Avenue closest to you. It’s 
probably not too far!

5See https://bit.ly/2R9XQiI.
6Gaga germanotta and Gaga monstraparva, Gagadon minimonstrum, 
Aleiodes gaga.
7Filistata maguirei and Pritha garfieldi after Tobey Maguire and Andrew 
Garfield, respectively, and Lycosa aragogi after Aragog from the Harry 
Potter series.
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the sweet treat is the city of Hanover: Bahlsen is based where 
Leibniz lived from 1676 until his death in 1716.9 

The list of miscellaneous mathematical namesakes is 
a long and varied one. Abel has a mountain in Svalbard 
named after him, Descartes an island in each of Australia 
and Antarctica. There’s a typeface named Euler, an operat-
ing system named Turing. Archimedes is a cartoon owl in 
the Disney movie The Sword in the Stone; The Fibonaccis 
were a Los Angeles art rock band active in the eighties. But 
let’s conclude this tour of mathematician eponyms10 with 
a non-example.

Newton boasts a mountain in Svalbard; an island in 
Antarctica; an asteroid; a telescope; a street in Paris; a town-
ship in Ohio, even—but not a cookie. Tempting though it 
is to pair a Fig Newton with a Choco Leibniz for a calculus 
cookie duo, the former is actually named not for he of 
Principia fame but for the Boston suburb of Newton (itself 
derived from “new town”). 

Eat that, Isaac. 

References
[1] H. C. Kennedy, Classroom Notes: Who Discovered Boyer’s 

Law?, Amer. Math. Monthly 79 (1972), no. 1, 66–67. 
MR1536593

Credits
Figure 1 (left) is from Google, Map Data ©2020.
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/ CC BY-SA (https://creativecommons.org/licenses 
/by-sa/2.0).

Figure 1 (bottom right) is ©Anatoliy Ozernoy / CC BY-NC.
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Figure 3 is courtesy of NASA / Public domain.
Figure 4 is by David J. Stang / CC BY-SA (https://creative 
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Author photo is courtesy of Igor Tolkov.

“Orb web spiders are the closest that a spider can get to 
being a mathematician,” Zamani explains. When construct-
ing their webs, he says, the arachnids use their front legs 
to measure the angle between radial threads, often spacing 
them with astonishing constancy. The final structure of the 
webs neatly approximates the golden spiral.

A new species like Araniella villanii doesn’t come to sci-
entific light often, Zamani notes, since orb-weavers excel at 
dispersal and have wide distribution ranges. “We thought 
it would be a splendid tribute to name this rare mathe-
matician spider after a one of a kind, spider aficionado 
mathematician,” he says.8 

Villani and a spider may seem an unsurprising pairing, 
but Leibniz and a cookie? Though the German food com-
pany Bahlsen has been producing its Leibniz-Keks butter 
biscuits—Figure 1 shows the Choco Leibniz variety—since 
1891, the only connection between the mathematician and 

9Leibniz-Keks is perhaps slightly more explicable in the context of a fad that 
swept German-speaking Europe in the late nineteenth century: it was all the 
rage to name food products after historical figures. Leibniz is to a German 
butter biscuit what Mozart is to an Austrian sphere of pistachio marzipan 
and nougat coated in dark chocolate—the Mozart-Bonbon. 
10This survey is certainly not exhaustive. I invite readers to bring to my 
attention particularly interesting eponyms they’ve come across.

Figure 4. Gaussia palm.

8Villani is not the only mathematician with a taxonomic presence. Gauss 
gets two genuses, both Gaussia, one of palms (see Figure 4) and one of 
copepods.

Sophia D. Merow 

http://www.ams.org/mathscinet-getitem?mr=1536593
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Ballots
AMS members will receive email with instructions for vot-
ing online by August 17, or a paper ballot by September 17. 
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, 2020.

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 17, 
2020, 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 
to appear at the end of their biographical information. 
Photos were supplied by the candidates.

Description of Offices
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 six policy committees. Current and past 
members of the Council may be found here: https://
www.ams.org/comm-all.html#COUNCIL.

List of Candidates
Vice President
(one to be elected)
Rodrigo Bañuelos
Hee Oh

Board of Trustees
(one to be elected)
Robert Megginson
David R. Morrison

Member at Large of the Council
(five to be elected)
Andrew J. Blumberg
Alina Carmen Cojocaru
Duane Cooper
Bree Ettinger
Sarah J. Greenwald
Kiran S. Kedlaya
Victor H. Moll
Anne Shiu
Mark Tomforde

Nominating Committee
(three to be elected)
Ron Buckmire
Alex Eskin
Patricia Hersh
Matthew Kahle
Ezra Miller
David Savitt

Editorial Boards Committee
(two to be elected)
Barbara Lee Keyfitz
Rafe Mazzeo
Anna Mazzucato
C. Eugene Wayne 
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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 participat-
ing in Society activities. The Nominating Committee, the 
Editorial Boards Committee, and the Committee on Com-
mittees are always interested in learning of members who 
are willing to serve the Society in various capacities. Names 
are always welcome, particularly when accompanied by a 
few words detailing the person’s background and interests. 
Self-nominations are probably the most useful. Recom-
mendations can be transmitted through an online form 
(https://www.ams.org/committee-nominate) or sent 
directly to the secretary: secretary@ams.org or Office of 
the Secretary, American Mathematical Society, 201 Charles 
Street, Providence, RI 02904-2213 USA.

PLEASE VOTE.

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 invest-
ment 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: https://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 nominations. Current and 
past members of the Nominating Committee, as well as 
the full charge, may be found here: https://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 Communications of the AMS, 
Journal of the AMS, Mathematics of Computation, Proceedings 
of the AMS, and Transactions of the AMS; and Chairs of the 
Colloquium, Mathematical Surveys 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 recom-
mendation by the Editorial Boards Committee. Current and 
past members of the Editorial Boards Committee, as well 
as the full charge, may be found here: https://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.

https://www.ams.org/comm-all.html#NOMCOM
https://www.ams.org/comm-all.html#NOMCOM
https://www.ams.org/comm-all.html#EBC
https://www.ams.org/comm-all.html#EBC


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).

Candidate Biographies
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Vice President

Rodrigo Bañuelos
Professor of Mathematics, Purdue 
University.

PhD: UCLA, 1984.

AMS Committees: Central Section 
Program Committee, 1992–1994 
(Chair, 1993–1994), 2020–2022; 
Transactions and Memoirs Editorial 

Committee, 1996–2000; Task Force on Participation for 
Underrepresented Minorities, 1995–1997; Committee on 
Committees, 2003–2005; AMS-Sociedad Mexicana Math-
ematica (SMM) Joint Program Committee, 2002–2004; 
Joseph L. Doob Prize Committee, 2003–2005; Steel Prize 
Committee, 2005–2008; AMS-Simons Travel Grants Com-
mittee, 2016–2019; Fellows Program Selection Committee, 
2019–2022.

Selected Addresses: AMS Invited Addresses, DePaul Uni-
versity, 1995, University of North Dakota, 2016; From Car-
thage to the World: The Isoperimetric Problem of Queen 
Dido and its Mathematical Ramifications, Tunisia, 2010; 
The Kai Lai Chung Memorial Lecture, Seminar on Stochastic 
Processes Conference, UCSD, 2014; The MAA-SIAM-AMS 
Hrabowski-Gates-Tapia-McBay Lecture, JMM, Baltimore, 

2019; The PIMS Hugh C. Morris Lecture, University of 
Washington, 2019.

Additional Information: Bantrell Research Fellow, Caltech, 
1984–1986; NSF Presidential Young Investigator, 1989–
1994; Associate Editor, Annals of Probability, 1991–1997, 
2015–2018; NSF Postdoctoral Fellow, University of Illinois 
and Purdue, 1986–1988; Board on Mathematical Sciences, 
National Research Council, The United States National 
Committee on Mathematics, 1997–2000; MSRI Scientific 
Advisory Council, 1998–2002; Fellow, Institute of Mathe-
matical Statistics (IMS), 2003; Blackwell-Tapia Prize, 2004; 
IPAM Board of Trustees, 2005–2009; Simons Foundation 
Review Advisory Panel, 2010–2012; Editorial Board, Prob-
ability and Mathematical Statistics, 2005–present; Head of 
Mathematics, Purdue University, 2007–2011; Editorial 
Board, Revista Matemática Iberoamericana, 2007–present; 
Fellow, American Mathematical Society, 2013; Editorial 
Board, Latin American Journal of Probability and Mathematical 
Statistics, 2015–present; Editorial Board, Potential Analysis, 
2016–present; Inaugural Class Fellow, Association for 
Women in Mathematics (AWM), 2017.

Selected Publications: 1. Intrinsic ultracontractivity and 
eigenfunction estimates for Schrödinger operators, J. Funct. 
Anal. 100 (1991), no. 1, 181–206. MR1124298; 2. with T. 
Carroll, Brownian motion and the fundamental frequency 
of a drum, Duke Math. J. 75 (1994), no. 3, 575–602. 
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2013; Plenary lecture at the International Congress of 
Women Mathematicians, Seoul, 2014; Namboodiri Lecture 
series, University of Chicago, 2018.

Additional Information: Fellow of the AMS (inaugural 
class); Scientific Advisory Board at American Institute of 
Mathematics, 2010–2015; US delegate to the General As-
sembly of the International Mathematical Union, 2014; Sat-
ter Prize, 2015; Guggenheim Fellow, 2017; Ho-Am Prize in 
Science, 2018; Brin Prize Selection Committee, 2017–2022; 
Fields Medal Selection Committee, ICM, 2018.

Selected Publications: 1. with L. Clozel and E. Ullmo, 
Hecke operators and equidistribution of Hecke points, 
Invent. Math. 144 (2001), no. 2, 327–351. MR1827734; 2. 
Uniform pointwise bounds for matrix coefficients of uni-
tary representations and applications to Kazhdan constants, 
Duke Math. J. 113 (2002), no. 1, 133–192. MR1905394; 3. 
with A. Kontorovich, Apollonian circle packings and closed 
horospheres on hyperbolic 3-manifolds, J. Amer. Math. Soc. 
24 (2011), no. 3, 603–648. MR2784325; 4. with D. Winter, 
Uniform exponential mixing and resonance free regions 
for convex cocompact congruence subgroups of SL(2, Z), J. 
Amer. Math. Soc. 29 (2016), no. 4, 1069–1115. MR3522610; 
5. with C. McMullen and A. Mohammadi, Geodesic planes 
in hyperbolic 3-manifolds, Invent. Math. 209 (2017), no. 
2, 425–461. MR3674219.

Statement by Candidate: From MathSciNet® to numerous 
meetings, to AMS journals, to prizes recognizing outstand-
ing works, and to encouraging young and diverse groups of 
mathematicians, the AMS is an organization with venerable 
traditions developed through contributions of voluntary 
commitment and dedication, to which I also wish to be 
of help.

There have been many efforts to overcome prejudice and 
discrimination towards various minority groups within 
the mathematics community, but reality is still very chal-
lenging. It is hard for a small number of people at each 
university’s mathematics department to make changes by 
themselves. I think the AMS can play an important role by 
forming a collective voice and by presenting helpful studies 
and guidelines.

In this unprecedented time of crisis due to the COVID-19 
pandemic, technology and the internet have become even 
more indispensable tools in our daily research and teach-
ing. The AMS can play a proactive role in developing and 
spreading useful and creative ways of collaboration, hold-
ing research meetings, and effective methods for teaching. 

If elected, I will do my best to help the AMS continue to 
be our proud organization which contributes to making the 
research and teaching environment fairer, more respectful, 
and more effective for everyone who loves and wants to do 
mathematics.

MR1291697; 3. with G. Wang, Sharp inequalities for 
martingales with applications to the Beurling-Ahlfors and 
Riesz transforms, Duke Math. J. 80 (1995), no. 3, 575–600. 
MR1370109; 4. with K. Burdzy, On the “hot spots” conjec-
ture of J. Rauch, J. Funct. Anal. 164 (1999), no. 1, 1–33. 
MR1694534; 5. with M. Kwaśnicki, On the p norm of the 
discrete Hilbert transform, Duke Math. J. 168 (2019), no. 
3, 471–504. MR3909902.

Statement by Candidate: I am honored to be nominated to 
serve as Vice President of the AMS. Excellence in research, 
service to the profession, and increasing the representation 
of groups that have traditionally been underrepresented 
in our discipline have been guiding principles throughout 
my career. The AMS plays a vital role in promoting the 
health of the profession in all these categories. We need to 
recognize that excellent research in mathematics and its 
applications is performed by broad groups of individuals 
at different stages of their careers, at a wide spectrum of or-
ganizations both within and beyond academic institutions. 
As a community we need to remain aware that women and 
individuals from certain minority groups continue to be 
poorly represented in our profession. In recent years the 
AMS has made significant efforts to improve the visibility 
of individuals from these groups by promoting more partic-
ipation in its governance, committees, and other activities 
such as invited lectures and publications in the Notices. If 
elected I will work to support and improve these efforts 
and to foster a philosophy that diversity and excellence 
in research, in all forms, are not mutually exclusive, that 
together they improve the mathematical and scientific 
health of the country.

Vice President
Hee Oh
Abraham Robinson Professor of 
Mathematics, Yale University.

PhD: Yale University, 1997.

AMS Committees: Eastern Section 
Program Committee, 2014–2016; Ed-
itorial Board Committee, 2015–2018; 
Colloquium Lecture Committee, 

2017–2020; Program Committee for the Joint Interna-
tional Meeting of the AMS-VMS, 2018–2019; Centennial 
Fellowship Committee, 2020–2021; Program Committee 
for the Joint International Meeting of the AMS-SMF-EMS, 
2020–2021.

Selected Addresses: Invited lecture at International Con-
gress of Mathematicians, Hyderabad, India, 2010; Joint 
AMS-MAA invited address at Joint Mathematics Meetings, 
Boston, 2012; Takagi Lecture Series, RIMS, Kyoto, Japan, 
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Board of Trustees
Robert Megginson
Arthur F. Thurnau Professor and Pro-
fessor of Mathematics, University of 
Michigan.

PhD: University of Illinois at Urba-
na-Champaign, 1984.

AMS Offices: Teller, 1989–1992.

AMS Committees: Committee on Academic Freedom, Ten-
ure, and Employment Security, 1996–1999, 2002–2005; 
Committee on Committees, 2000–2005; Task Force on 
the First Year College Mathematics Experience, 2007–2009; 
Committee on Professional Ethics, 2016–2019 (Chair, 
2017–2019).

Selected Addresses: “An Old Nearest Point Problem in 
Hilbert Space,” keynote address at the Annual Mathemat-
ics Conference of the Syracuse University Department of 
Mathematics, Syracuse, NY, 2001; “A call to students: Ca-
reers and opportunities in climate science and your role in 
strengthening the nation and world through diversity, in-
novation, and leadership in these fields,” keynote address, 
Society for the Advancement of Chicanos/Hispanics and 
Native Americans in Science (SACNAS) Annual Meeting, 
2013; “Gateway testing in mathematics—Past and pres-
ent,” keynote talk at a conference on mathematics student 
support services at the Hong Kong University for Science 
and Technology, 2015; “Mathematical sense and nonsense 
outside the classroom: How well are we preparing our 
students to tell the difference?,” opening keynote address 
for MAA Summer MathFest, Columbus, OH, 2016; “Native 
American mathematics,” colloquium talk, Montana Tech, 
Butte, MT, 2018.

Additional Information: US Presidential Award for Excel-
lence in Science, Mathematics, and Engineering Mentoring, 
1997; American Indian Science and Engineering Society 
(AISES) Ely S. Parker Award, 1999; Named to Native Amer-
ican Science and Engineering Wall of Fame, 2001; Selected 
for inclusion in the book 100 Native Americans Who Shaped 
American History (B. Juettner, Bluewood Books), 2002; 
Etta Zuber Falconer Excellence in Mathematics Teaching 
Award, Quality Education for Minorities Network, 2006; 
AAAS Fellow, elected 2009; MAA Yueh-Gin Gung and Dr. 
Charles Y. Hu Award, 2009; AMS Fellow, named in 2012 
to inaugural list; Detroit Area Pre-College Engineering 
Program’s Real McCoy Award for furthering the education 
of underrepresented minorities, 2015; Society for the Ad-
vancement of Chicanos/Hispanics and Native Americans in 
Science (SACNAS) Distinguished Mentor of the Year Award, 

2019. Membership in MAA, AWM, NAM, AAAS, American 
Geophysical Union, AISES, SACNAS.

Selected Publications: 1. An introduction to Banach space 
theory, Graduate Texts in Mathematics, vol. 183, Spring-
er-Verlag, New York, 1998. MR1650235; 2. College-based 
precollege intervention projects: A model for outreach to 
groups underrepresented in science and mathematics, J. of 
Public Service and Outreach 4 (1999), no. 2, 7–13; 3. with 
V. Mesa, Equity and quality in a mathematics program for 
underrepresented students at an elite public university, 
Mapping equity and quality in mathematics education, Spring-
er-Verlag, New York, 2000, 569–584; 4. with P. G. LaRose, 
Implementation and assessment of on-line gateway testing, 
Primus 13 (2003), no. 4, 289–307; 5. Some political and 
practical issues in implementing reform, A fresh start for 
collegiate mathematics: Rethinking the courses below calculus, 
MAA Notes, vol. 69, Mathematical Association of America, 
Washington, DC, 2006, 213–218.

Statement by Candidate: It is an honor to be asked to 
stand for election as an AMS Trustee. In similar service to 
a mathematics organization, I was an elected Trustee of 
the Mathematical Sciences Research Institute from 2000 to 
2004 (for the latter two years of which I would have been 
an ex officio Trustee as MSRI Deputy Director had I not 
already been elected), and was an ex officio MSRI Trustee 
from 1997 to 1999 while Chair of the Institute’s Human 
Resources Advisory Committee. In 2017 I was selected to be 
a nonvoting Emeriti Trustee of MSRI invited to all Trustee 
meetings, a position I still hold. In administrative roles with 
significant financial oversight aspects, besides the MSRI 
Deputy Directorship already mentioned: I was Associate 
Dean for Undergraduate and Graduate Education for the 
University of Michigan’s College of Literature, Science, and 
the Arts from 2004 to 2010. I am probably best known for 
my work on furthering full participation by all groups in the 
mathematical sciences, which requires careful attention to 
allocation of AMS resources if, as President Pipher has said, 
the AMS is to “fully engage in supporting every member of 
our community.” If elected, I would look forward to helping 
the Society navigate those waters.

Board of Trustees
David R. Morrison
Distinguished Professor of Math-
ematics and Physics, University of 
California, Santa Barbara.

PhD: Harvard University, 1980.

AMS Committees: AMS Council 
and its Executive Committee, 2002–
2004; Committee on Publications,  
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publications and its meetings, and advocating for mathe-
matics in whatever ways are appropriate.

Member at Large
Andrew J. Blumberg
Professor, University of Texas. 

PhD: University of Chicago, 2005.

AMS Committees: Short Course 
Committee, 2019–present.

Selected Addresses: Plenary Speaker, 
birthday conference for Ralph Cohen, 

Gunnar Carlsson, and Ib Madsen, Stanford, 2012; JHU-
UMD Algebra and Number Theory Day, 2015; Cornell 
Topology Festival, 2017; Models, Inference, and Algorithms, 
Broad Institute, 2019; AMS Lecture at SIAM Annual Meet-
ing, University of Toronto, 2020.

Additional Information: NSF Postdoctoral Fellowship, 
2005; Clay Liftoff Award, 2005; DARPA Young Faculty 
Award, 2010; NSF CAREER, 2012; Co-organizer, IMA 
emphasis year on topological data analysis, 2013–2014; 
Co-organizer, MSRI semester on algebraic topology, 2014; 
Co-organizer, MSRI semester on Floer homotopy theory, 
2022. Editor: Journal of Topology, 2013–present; Advances, 
2015–present; J. of Applied and Computational Topology, 
2018–present.

Selected Publications: 1. with M. A. Mandell, The local-
ization sequence for the algebraic K-theory of topolog-
ical K-theory, Acta Math. 200 (2008), no. 2, 155–179. 
MR2413133; 2. with D. Gepner and G. Tabuada, A uni-
versal characterization of higher algebraic K-theory, Geom. 
Topol. 17 (2013), no. 2, 733–838. MR3070515; 3. with M. 
A. Hill, Operadic multiplications in equivariant spectra, 
norms, and transfers, Adv. Math. 285 (2015), 658–708. 
MR3406512; 4. with M. A. Mandell, Tate-Poitou duality and 
the fiber of the cyclotomic trace for the sphere spectrum, 
Invent. Math. (2020); 5. with R. Rabadan, Topological data 
analysis for genomics and evolution, Cambridge University 
Press, 2020, 324 pp.

Statement by Candidate: I am deeply honored to be nom-
inated for election to be a Member at Large for the AMS 
Council. I am very interested in improving undergraduate 
math education (and pre-college math pedagogy) and also 
the closely related issues of ensuring access and equity for 
traditionally underrepresented groups in mathematics. To 
this end, I have been heavily involved in the Direct Reading 
Program (a graduate student/undergraduate mentoring 
program) at UT-Austin as well as a great deal of direct un-
dergraduate mentoring. I am also interested in technical  

2002–2004; Committee on Committees, 2005–2006; 
Leonard Eisenbud Prize Selection Committee, 2007; AMS-
ASA-MAA-SIAM Data Committee, 2011–2013; Fellows 
Program Selection Committee, 2013–2015; Nominating 
Committee, 2016–2018; Committee on Publications, 
2019–2020.

Selected Addresses: “Moduli of K3 surfaces,” AMS Summer 
Institute in Algebraic Geometry, Bowdoin College, July 
1985; “Mirror Symmetry and the Quantum Moduli Space 
of Calabi–Yau Manifolds,” AMS Invited Address, Lexington, 
Kentucky, March 1994; “Mirror Symmetry and the Moduli 
Space of Superconformal Field Theories,” International 
Congress of Mathematicians, Zurich, Switzerland, August 
1994; “Black holes and Calabi–Yau manifolds,” AMS Sum-
mer Institute in Algebraic Geometry, U. C. Santa Cruz, July 
1995; “Gromov–Witten invariants without mirror symme-
try,” Strings 2003, Seoul, South Korea, June 2003.

Additional Information: National Science Foundation 
Postdoctoral Fellowship, 1982–1984; Japan Society for 
the Promotion of Science Fellowship, 1984–1985; AMS 
Centennial Fellowship, 1992–1994; Clay Mathematics 
Institute Senior Scholar, 2005; John Simon Guggenheim 
Memorial Foundation Fellowship, 2005–2006; Research 
Professor, Mathematical Sciences Research Institute, 2006; 
Fellow of the American Mathematical Society, 2013; Fellow 
of the American Physical Society, 2014; Elected to the Amer-
ican Academy of Arts and Sciences, 2015; Simons Fellow 
in Theoretical Physics, 2018–2019; Eisenbud Professor, 
Mathematical Sciences Research Institute, 2019.

Selected Publications: 1. On K3 surfaces with large 
Picard number, Invent. Math. 75 (1984), no. 1, 105–121. 
MR0728142; 2. Mirror symmetry and rational curves on 
quintic threefolds: a guide for mathematicians, J. Amer. 
Math. Soc. 6 (1993), no. 1, 223–247. MR1179538; 3. with B. 
R. Greene and A. Strominger, Black hole condensation and 
the unification of string vacua, Nuclear Phys. B 451 (1995), 
no 1-2, 109–120. MR1352415; 4. with C. Curto, Threefold 
flops via matrix factorization, J. Algebraic Geom. 22 (2013), 
no. 4, 599–627. MR3084719; 5. with L. Bhardwaj, M. Del 
Zotto, J. J. Heckman, T. Rudelius, and C. Vafa, F-theory and 
the classification of little strings, Phys. Rev. D 93 (2016), no. 
8, 086002. MR3531134.

Statement by Candidate: I have served the AMS in a variety 
of capacities over the past twenty years, during which time 
I have also chaired two different mathematics departments 
and contributed service to a number of other professional 
organizations. I am eager to bring my experience to the 
task of helping the Society navigate its way to the future, 
while continuing to serve mathematicians through its  
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Statement by Candidate: Over the past two decades, I have 
been embraced by the American Mathematical Society as 
one of its members and, through the Society’s many ven-
ues, I have been provided with astonishing opportunities 
to grow as a mathematician. For all the nurturing that the 
Society has offered me, I am deeply grateful. It is now a 
profound honor to be nominated for election as a Mem-
ber at Large of the AMS Council. In this capacity, I will 
work arduously and passionately towards accomplishing 
the Society’s mission, in particular by actively advocating 
for an inclusive mathematical community that cultivates 
excellence alongside equity and camaraderie at every career 
stage. My experiences as a research project leader, as a con-
ference organizer, as a journal editor, as a faculty mentor, as 
a youth mathematics program founder and instructor, and 
as a committee member at all university levels will guide 
my perspective if elected to the AMS Council.

Member at Large
Duane Cooper
Associate Professor of Mathematics, 
Morehouse College. 

PhD: University of California, Berke-
ley, 1993.

AMS Committees: AMS-ASA-MAA-
SIAM Data Committee, 2020–.

Selected Addresses: “Analysis of cumulative voting’s po-
tential to yield fair representation,” AMS Special Session on 
Voting Theory, JMM, 2010; “Morehouse Mathematics: Mak-
ing a Difference from ‘Pop’ through ‘Doc’ to the present,” 
AMS-NAM Joint Special Session on The Mathematics of the 
Atlanta University Center, JMM, 2017; “Addressing fairness 
of representation in single- and multimember districts,” 
Special Session on The Mathematics of Decisions, Elections, 
and Games, AMS Fall Central Sectional Meeting, 2018.

Additional Information: Co-director, Mathemati-
cal Sciences Research Institute Undergraduate Program  
(MSRI-UP), 2007–2020; Recipient, Clarence F. Stephens / 
Abdulalim A. Shabazz Teaching Award, National Associa-
tion of Mathematicians (NAM), 2019.

Selected Publications: 1. Recommendations for increasing 
the participation and success of Blacks in graduate math-
ematics study, Notices Amer. Math. Soc. 51 (2004), no. 5, 
538–543; 2. An improved bound for learning Lipschitz 
functions, Commun. Appl. Anal. 10 (2006), no. 1, 19–27. 
MR2203587; 3. Learning C2 and Hölder functions, Int. J. 
Pure Appl. Math. 32 (2006), no. 1, 71–82. MR2275943; 4. 
The potential of cumulative voting to yield fair represen-
tation, Journal of Theoretical Politics 19 (2007), 277–295; 

advocacy and outreach, which involves finding effective 
ways to communicate mathematical ideas to a broad 
audience. I have worked with the EFF (Electronic Frontier 
Foundation) on privacy advocacy and with the Tufts Metric 
Geometry and Gerrymandering group on public events 
discussing quantitative methods in the study of gerryman-
dering. I believe these two interests are closely related, as I 
believe that an informed citizen must know some mathe-
matics in order to fully participate in discourse in the public 
sphere; effectively communicating mathematics is a civic 
good. If elected, I hope to continue the work of the AMS 
in these directions.

Member at Large
Alina Carmen Cojocaru
Professor, University of Illinois at 
Chicago.

PhD: Queen’s University, Kingston, 
Ontario, Canada, 2002. 

Selected Addresses: Plenary Speaker, 
Canadian Mathematical Society Win-
ter Meeting, Simon Fraser University, 

Vancouver, BC, Canada, 2003; Plenary Speaker, 27th 
Journées Arithmétiques, University of Vilnius, Lithuania, 
2011; Plenary Speaker, Central Section Meeting of the Amer-
ican Mathematical Society, University of Nebraska–Lincoln, 
NE, USA, 2011; Plenary Speaker, INTEGERS 2013: The Erdős 
Centennial Conference, University of West Georgia, GA, 
USA, 2013; Plenary Speaker, Analytic Number Theory and 
Artin’s Primitive Root Conjecture in honour of Professor 
Christopher Hooley, Heilbronn Institute, Bristol, UK, 2017.

Additional Information: Doctoral Prize awarded by the Ca-
nadian Mathematical Society, 2003; Gheorghe Titeica Prize 
in Mathematics awarded by the Romanian Academy, 2007; 
National Science Foundation Career Award, 2008–2013.

Selected Publications: 1. with W. Duke, Reductions of an 
elliptic curve and their Tate-Shafarevich groups, Math. Ann. 
329 (2004), no. 3, 513–534. MR2127988; 2. with M. R. 
Murty, Cyclicity of elliptic curves modulo p and elliptic curve 
analogues of Linnik’s problem, Math. Ann. 330 (2004), 
no. 3, 601–625. MR2099195; 3. with C. David, Frobenius 
fields for elliptic curves, Amer. J. Math. 130 (2008), no. 6, 
1535–1560. MR2464027; 4. with A. Balog and C. David, 
Average twin prime conjecture for elliptic curves, Amer. J. 
Math. 133 (2011), no. 5, 1179–1229. MR2843097; 5. with 
R. Davis, A. Silverberg, and K. E. Stange, Arithmetic prop-
erties of the Frobenius traces defined by a rational abelian 
variety, with two appendices by J-P. Serre, Int. Math. Res. 
Not. IMRN 2017, no. 12, 3557–3602. MR3693659.
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111–131. MR3300898; 4. with S. Perotto and L. M. Sangalli, 
Spatial regression models over two-dimensional manifolds, 
Biometrika 103 (2016), no. 1, 71–88. MR3465822.

Statement by Candidate: It is an honor to be nominated 
for the position of AMS Council Member at Large. Mathe-
matics is essential for navigating the intertwined challenges 
of societal and environmental change. As teaching-track 
faculty, I have been integrating sustainability and com-
munication into my courses. Students learn to translate 
their mathematical knowledge into applications and make 
practical and contentious conclusions to open-ended prob-
lems. Addressing the issues of today and understanding the 
uncertainty of the future through coursework helps shape 
an educated society ready for the challenges ahead. As Di-
rector of Undergraduate Studies for the Math Department 
at Emory University, I have been working on implementing 
inclusive and evidence-based teaching practices within our 
department. As a Member at Large, I look forward to con-
tinuing to increase diversity and equity in the mathemat-
ical sciences as well as consulting with the mathematical 
community on important issues.

Member at Large
Sarah J. Greenwald
Professor of Mathematical Sciences, 
Appalachian State University.

PhD: University of Pennsylvania, 
1998.

AMS Committees: AMS representa-
tive, Joint Committee on Women in 
the Mathematical Sciences (JCW), 

2019–2022.

Selected Addresses: Plenary Address on “Mathematical 
Morsels from The Simpsons and Futurama,” OAME Annual 
Conference, 2016; Invited Address, Mathemati-Con, JMM, 
2017; Plenary Address on the “Geometry of the Earth and 
Universe,” Eagle Undergraduate Mathematics Conference, 
2018; Plenary Address on “Popular Culture and Mathemat-
ics: Gender, Race, and More,” MAA Southeastern Section 
Meeting, 2018; Plenary Address on “Mathematical Identi-
ties: Representing the Underrepresented,” UNC Chapel Hill 
Workshop on Inclusive Teaching Practices, 2019.

Additional Information: MAA Committee on Policies on 
Science, 2001–2007; Faculty Affiliate of Gender, Women’s 
& Sexuality Studies, 2002–present (Interim Director, 2018); 
JPBM Advisory Panel for Mathematics Awareness Month on 
the Mathematics of the Cosmos, 2004–2005; MAA Henry 
L. Alder Award, 2005; AWM Executive Committee, 2008–
2012; AWM Policy and Advocacy Committee, 2008–2016 

5. with A. Zillante, A comparison of cumulative voting 
and generalized plurality voting, Public Choice 150 (2012), 
363–383.

Statement by Candidate: I am honored to stand for elec-
tion to the AMS Council. If elected, I will draw on the 
experience of my years in the mathematical community, 
including my prior service to the MAA and NAM, to advise 
the AMS trustees on matters of educational and profes-
sional policy. My concerns are for the mathematical com-
munity at large, but members can expect my advocacy to 
include mathematics students and young mathematicians 
from groups that are underrepresented in our profession, 
reflective of my body of work on the faculty of Morehouse 
College and as a director of MSRI-UP.

Member at Large
Bree Ettinger
Senior Lecturer, Emory University.

PhD: The University of Georgia, 
2009.

Selected Addresses: Spatial regres-
sion models over two-dimensional 
manifolds, FIRB SNAPLE Closing 
Workshop Program, Dipartimento 

di Matematica, Politecnico di Milano, Milan, Italy, 2014; 
Transforming Post-Secondary Education in Mathematics 
(TPSEMath) Southeast Regional Meeting on Upper-Divi-
sion Math Pathways, Panelist on Approaches to Program 
Development Panel, Morehouse College, 2019; Integrating 
Sustainability into the Mathematics Curriculum, Electronic 
Seminar on Mathematics Education, 2019.

Additional Information: Outstanding Support and Service 
Award, Department of Mathematics, Morehouse College, 
2011; Faculty Appreciation Award, Office of Undergradu-
ate Admission, Emory, 2016; Academic Advising Award, 
Emory College of Arts and Sciences, 2018; Office of Sus-
tainability Initiatives’ Innovator Award for Emory faculty, 
2020; Organizer of Intown Atlanta Math Teachers’ Circle; 
Memberships: SIAM, MAA, ASA, AAAS.

Selected Publications: 1. with S. Guillas and M.-J. Lai, Bi-
variate splines for ozone concentration forecasting, Environ-
metrics 23 (2012), no. 4, 317–328. MR2935567; 2. with T. 
Passerini, S. Perotto, and L. Sangalli, Spatial smoothing for 
data distributed over non-planar domains, Complex models 
and computational methods in statistics, Contrib. Statist., Phys-
ica-Verlag/Springer, Milan, 2013, 123–135. MR3051209; 3. 
with F. Dassi, S. Perotto, and L. Sangalli, A mesh simpli-
fication strategy for a spatial regression analysis over the 
cortical surface of the brain, Appl. Numer. Math. 90 (2015), 
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Member at Large
Kiran S. Kedlaya
Professor, Stefan E. Warschawski En-
dowed Chair in Mathematics, Uni-
versity of California, San Diego.

PhD: Massachusetts Institute of Tech-
nology, 2000.

AMS Committees: Committee on 
the American Mathematics Compe-

titions, AMS representative, 2007–2010.

Selected Addresses: Invited speaker, Algorithmic Number 
Theory Symposium, Burlington, VT, 2004; Invited speaker, 
Journées Arithmétiques, Edinburgh, July 2007; Invited ad-
dress, ICM, Hyderabad, 2010; Invited address, AMS Western 
Sectional, San Francisco, 2014.

Additional Information: NSF Postdoctoral Fellow, 2000–
2003; NSF CAREER grant, 2005; PECASE Award, 2006; 
Sloan Fellowship, 2006; AMS Fellow, 2013 (inaugural 
class); Clay Research Scholar, 2013–2014; Guggenheim 
Fellowship, 2015; IAS visiting professor, 2018–2019. Ed-
itorial boards: International Mathematics Research Notices, 
2004–2015; Algebra and Number Theory, 2015–2019; Nagoya 
Mathematical Journal, 2014–present. Boards of directors: 
IMO 2001 USA, 1998–2002; Art of Problem Solving 
Initiative (Bridge to Enter Advanced Mathematics), 2004–
present; Pro Mathematica Arte (Budapest Semesters in 
Mathematics), 2013–present (Chair, 2018–present). 

Selected Publications: 1. A p-adic local monodromy 
theorem, Ann. of Math. (2) 160 (2004), no. 1, 93–184. 
MR2119719; 2. with C. Umans, Fast polynomial factoriza-
tion and modular composition, SIAM J. Comput. 40 (2011), 
no. 6, 1767–1802 (STOC 2008 special issue). MR2863194; 
3. Semistable reduction for overconvergent F-isocrystals, IV: 
Local semistable reduction at nonmonomial valuations, 
Compos. Math. 147 (2011), 467–523. MR2776611; 4. Good 
formal structures for flat meromorphic connections, II: 
Excellent schemes, J. Amer. Math. Soc. 24 (2011), no. 1, 
183–229. MR2726603; 5. p-adic differential equations, Cam-
bridge Studies in Advanced Mathematics, vol. 125, Cam-
bridge University Press, Cambridge, 2010. MR2663480.

Statement by Candidate: Our institutions, profession, 
Society, country, and planet all face pressing challenges at 
present. I believe that mathematicians are uniquely well-
equipped to help address these challenges. However, I 
also believe that leadership begins with listening: to those 
whose voices have gone unheard, to those whose expertise 
is indisputable, to those who have themselves listened 

(Chair, 2010–2012); Associate Editor of the AWM Newslet-
ter, 2011–present; A “Best Reference 2011” by Library Journal 
for the Encyclopedia of Mathematics and Society, 2012; MAA 
Council on Prizes and Awards, 2012–present; AWM Service 
Award, 2018; Fellow of the AWM, 2020.

Selected Publications: 1. with E. B. Dryden, C. S. Gordon, 
and D. L. Webb, Asymptotic expansion of the heat kernel 
for orbifolds, Michigan Math. J. 56 (2008), no. 1, 205–238. 
MR2433665; 2. edited with J. Thomley, Encyclopedia of 
Mathematics and Society (3 volumes), Salem Press, 2011, 
1056 pp. ISBN: 978-1-58765-844-0, 978-1-58765-848-8; 
3. with A. M. Leggett and J. E. Thomley, The Association for 
Women in Mathematics: how and why it was founded, and 
why it’s still needed in the 21st century, Math. Intelligencer 
37 (2015), no. 3, 11–21. MR3406282; 4. edited with J. L. 
Berry, J. A. Jensen-Vallin, and M. B. Mast, Women in math-
ematics: Celebrating the centennial of the Mathematical Asso-
ciation of America, Association for Women in Mathematics 
Series, vol. 10, Springer-Cham, 2017, 405 pp. ISBN: 978-3-
319-66694-5, 978-3-319-66693-8. MR3775369; 5. edited 
with J. Holdener, The creation and implementation of 
effective homework assignments, PRIMUS 29 (2019), no. 1 
and no. 2, 203 pp. https://doi.org/10.1080/10511970 
.2018.1555564 and https://doi.org/10.1080/10511 
970.2018.1553809.

Statement by Candidate: I am honored to be nominated 
as a Member at Large for the AMS Council. As the premier 
research organization for mathematics, AMS is uniquely 
poised among mathematics societies to have even broader 
influence—to find additional and creative ways to work on 
pipeline issues for underrepresented groups, advocate for 
funding for mathematics research and education, and craft 
the January meetings, just to name a few. While we know 
that mathematics is pervasive in modern society, many peo-
ple, including students and Washington policymakers, are 
not fully aware of the diverse interactions and connections 
between mathematics and society. This lack of awareness 
is compounded by representations in popular culture that 
portray mathematics and mathematicians in highly stereo-
typical ways, which do not reflect the true depth, breadth, 
diversity, and culture of the mathematics community. If 
elected, I would bring to the AMS Council perspectives 
from my interdisciplinary scholarship in mathematics and 
gender studies as well as the scholarship of teaching and 
learning. I would also bring experiences from working at a 
public comprehensive master’s institution and on commit-
tees with the Association for Women in Mathematics, the 
Joint Policy Board for Mathematics, and the Mathematical 
Association of America.
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community are involved. As an organization that values 
diversity, AMS must continually examine ways to promote 
participation in mathematics and ensure that its activities 
present a welcoming, interesting, and vibrant environment 
for all.

Member at Large

Anne Joyce Shiu
Associate Professor, Texas A&M Uni-
versity.

PhD: University of California Berke-
ley, 2010.

Selected Addresses: Plenary Speaker, 
International Conference on DNA 

Computing and Molecular Programming (DNA 25), Se-
attle, WA, 2019.

Additional Information: NSF Postdoctoral Fellowship, 
2010–2013; Co-organizer, REU, Texas A&M Department 
of Mathematics, 2015–present; NSF CAREER Award, 2018; 
Associate Editor, SIAM Journal on Applied Mathematics, 
2020–present.

Selected Publications: 1. with D. F. Anderson, The dy-
namics of weakly reversible population processes near 
facets, SIAM J. Appl. Math. 70 (2010), no. 6, 1840–1858. 
MR2596504; 2. with M. Gopalkrishnan and E. Miller, A 
geometric approach to the global attractor conjecture, SIAM 
J. Appl. Dyn. Syst. 13 (2014), no. 2, 758–797. MR3199409; 
3. with A. Chen and F. Frick, Neural codes, decidability, and 
a new local obstruction to convexity, SIAM J. Appl. Algebra 
Geom. 3 (2019), no. 1, 44–66. MR3914562; 4. with E. Gross, 
H. A. Harrington, and N. Meshkat, Linear compartmental 
models: input-output equations and operations that pre-
serve identifiability, SIAM J. Appl. Math. 79 (2019), no. 4, 
1423–1447. MR3986567; 5. with A. Dickenstein, M. Pérez 
Millán, and X. Tang, Multistationarity in structured reaction 
networks, Bull. Math. Biol. 81 (2019), no. 5, 1527–1581. 
MR3935185.

Statement by Candidate: I am honored to be nominated 
for election to the AMS Council. The AMS plays a crucial 
role in communicating mathematics and supporting 
mathematicians. Throughout my career—for instance, by 
mentoring REU students and by serving as faculty mentor 
for a Directed Reading Program—I have worked in line with 
the AMS mission, with a particular focus on promoting 
mathematical research and communication, and helping 
the mathematical community become more inclusive. I 
hope to further support the AMS as a Member at Large.

and understood. Should I be so privileged as to serve on 
the AMS Council, I would offer my accumulated expertise 
from teaching, research, mentoring, and directorial work 
as a resource to the Society, while seeking perspectives 
from as many sources as possible. As a mathematician with 
an unconventional family background, I am particularly 
concerned by suggestions that our community may be 
inhibiting research excellence by attempting to broaden 
participation in the mathematical enterprise, when rather 
the real inhibitor is not doing so.

Member at Large
Victor H. Moll
Professor of Mathematics, Tulane 
University.

PhD: Courant Institute, NYU, 1984.

Selected Addresses: Invited address, 
SIDIM, Ponce, Puerto Rico, 2003; 
Invited address, MathFest, Albuquer-
que, 2005; Invited address, Euler 

Day, Temple University, 2007; Invited address, AMS 92nd 
meeting, Liouville, Kentucky, 2013; Lecture series, Bogotá, 
Colombia, 2015.

Additional Information: Seminar leader, SIMU, Puerto 
Rico, 2000, 2002; Mini-course at Joint Meetings, San Anto-
nio, 2006; Special session organizer, Experimental Mathe-
matics, 2007, 2009, 2011; Seminar leader, MSRI-UP, 2008, 
2014; Undergraduate Faculty Program (Leader), PCMI, 
Park City, 2017; Weiss Presidential Award for Graduate 
Teaching, Tulane University, 2017; Research Experiences 
for Undergraduate Faculty, ICERM REUF, 2019.

Selected Publications: 1. with H. McKean, Elliptic curves, 
Cambridge University Press, Cambridge, 1997. MR1471703; 
2. The evaluation of integrals: a personal story, Notices Amer. 
Math. Soc. 49 (2002), no. 3, 311–317. MR1879857; 3. 
Seized opportunities, Notices Amer. Math. Soc. 57 (2010), 
no. 4, 476–484. MR2647847; 4. with G. Boros, Irresistible 
integrals, Cambridge University Press, Cambridge, 2012. 
MR2070237; 5. Numbers and functions, Student Mathe-
matical Library, vol. 65, American Mathematical Society, 
Providence, RI, 2012. MR2963308.

Statement by Candidate: I am honored to be nominated 
as a Member of the AMS Council. The AMS mission to 
promote mathematical research, support mathematical 
education, and encourage the participation of all mathe-
maticians has been the center of my career. I would further 
efforts of the AMS to include mathematicians at different 
stages of their careers working with a common purpose. 
Mathematics will thrive only when all members of the 
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nonsimple graph algebras, Trans. Amer. Math. Soc. 368 
(2016), no. 6, 3811–3847. MR3453358.

Statement by Candidate: I support the AMS mission of 
promoting mathematics research and education, foster-
ing appreciation of mathematics, and encouraging full 
participation from all. Throughout my career I've been 
extremely active in outreach and mentoring at the K–12, 
undergraduate, and graduate levels. My university is reg-
ularly ranked as the most ethnically diverse research uni-
versity in the US, and during my time there I have worked 
with students from many backgrounds and witnessed the 
obstacles they face. If elected, I will advocate for the AMS 
to provide welcoming environments, work for more voices 
to be heard, and support dialogue that promotes mutual 
understanding and respect. I’m also a proponent of public 
and K–12 outreach, as well as efforts to improve the public 
perception of mathematics. Finally, I believe the AMS must 
continue to support and disseminate high-quality research 
and scholarship through such wonderful efforts as AMS 
journals, MathSciNet®, and AMS books. I endorse the idea 
that there are many ways to contribute to mathematics, and 
that the mathematical ecosystem needs people with a vari-
ety of talents in order to flourish. In addition to researchers, 
mathematics requires teachers, advocates, public relations 
officers, writers, and various others to lead, serve, maintain, 
apply, and expand the subject.

Nominating Committee
Ron Buckmire
Professor of Mathematics & Associate 
Dean for Curricular Affairs, Occiden-
tal College.

PhD: Rensselaer Polytechnic Insti-
tute, 1994.

AMS Committees: Award for Dis-
tinguished Public Service Selection 

Committee, 2020–2024.

Selected Addresses: Invited Presentations: Inaugural LGBT 
Pride Month Celebration Keynote Speaker, National Sci-
ence Foundation, 2013; University of California Leadership 
Excellence Through Advanced Degrees (UC LEADS) Annual 
Symposium Keynote Speaker, University of California, 
Riverside, 2014; SACNAS National Diversity in STEM 
Conference, California, 2016; Special Session Organizer 
and Speaker, 9th International Congress on Industrial and 
Applied Mathematics, Valencia, Spain, 2019; LGBT+Math 
Day, Fields Institute, Toronto, Canada, 2020.

Additional Information: Service: Program Officer, Division 
of Undergraduate Education, Directorate for Education and 

Member at Large
Mark Tomforde
Professor of Mathematics, University 
of Houston.

PhD: Dartmouth College, 2002.

AMS Committees: AMS Arnold Ross 
Lecture Series Committee, 2016–
2019 (Chair, 2018–2019); AMS Com-
mittee on the Profession, member of 

the subcommittee charged with selecting the winner of the 
annual AMS Award for Mathematics Programs that Make a 
Difference, 2018–2019.

Selected Addresses: Invited Speaker, Endomorphisms, 
Semigroups, and C*-algebras of Rings workshop held at 
the Mathematisches Forschungsinstitut Oberwolfach, Ger-
many, 2012; Plenary Speaker at Master Class on Dynamical 
Systems and C*-algebras, supported by the Foundation for 
Danish-Norwegian Cooperation, Denmark and Norway, 
2015; Invited Speaker at the Abel Symposium, Norway, 
2015; Invited Speaker at Mittag-Leffler Institute of the 
Royal Swedish Academy of Sciences, Sweden, 2016; Plenary 
speaker at the Great Plains Operator Theory Symposium 
(GPOTS), Texas Christian University, 2017.

Additional Information: PI or Co-PI on several NSF con-
ference grants; NSF Mathematical Sciences Postdoctoral 
Research Fellowship, 2002–2005; NSA Young Investigator 
Award, 2009–2011; Simons Foundation Collaboration 
Grant, 2011–2016, 2017–2022; STEM Advisory Board 
for the 24 public schools in the KIPP: Houston system, 
2016–2017; Created, and for 6 years directed, an outreach 
program that won the AMS Award for Mathematics Pro-
grams that Make a Difference and the Phi Beta Kappa Award 
for Broadening Participation in STEM, both in 2018; Dis-
tinguished College and University Teaching Award of the 
Texas Section of the MAA, 2019; MAA Haimo Award, 2020.

Selected Publications: 1. with T. Katsura, P. S. Muhly, and 
A. Sims, Graph algebras, Exel-Laca algebras, and ultragraph 
algebras coincide up to Morita equivalence, J. Reine Angew. 
Math. 640 (2010), 135–165. MR2629692; 2. Leavitt path 
algebras with coefficients in a commutative ring, J. Pure 
Appl. Algebra 215 (2011), no. 4, 471–484. MR2738365; 
3. with G. Abrams, Isomorphism and Morita equivalence 
of graph algebras, Trans. Amer. Math. Soc. 363 (2011), no. 
7, 3733–3767. MR2775826; 4. Classification of graph 
algebras: A selective survey, Operator algebras and appli-
cations—the Abel Symposium 2015, Abel Symp., vol. 12, 
Springer, 2017, 303–325. MR3837603; 5. with S. Eilers, T. 
Katsura, and J. West, The ranges of K-theoretic invariants for  

Ph
ot

o 
co

ur
te

sy
 o

f M
ar

k 
To

m
fo

rd
e

Ph
ot

o 
co

ur
te

sy
 o

f M
ar

c 
C

am
po

s 
fo

r O
cc

id
en

ta
l C

ol
le

ge

http://www.ams.org/mathscinet-getitem?mr=2629692
http://www.ams.org/mathscinet-getitem?mr=2738365
http://www.ams.org/mathscinet-getitem?mr=2775826
http://www.ams.org/mathscinet-getitem?mr=3837603
http://www.ams.org/mathscinet-getitem?mr=3453358


FROM THE AMS SECRETARY

Election Special Section

september 2020  Notices of the AmericAN mAthemAticAl society   1187

in this capacity. I will bring to the Nominating Committee 
my experience as a teacher, researcher, and administrator 
at a small liberal arts college, in government with the Na-
tional Science Foundation, and with other mathematical 
societies (MAA, NAM, SIAM, Spectra). I strongly believe in 
the principles of justice, equity, diversity, and inclusion. As 
mathematics plays an increasingly prominent role in our 
society, the AMS will become more and more important 
(e.g., modeling the spread of COVID-19, perfecting algo-
rithms for use in recommender systems on Netflix and 
Amazon, strengthening Internet security). I humbly ask for 
your vote to join the Nominating Committee.

Nominating Committee
Alex Eskin
Arthur Holly Compton Distin-
guished Service Professor, University 
of Chicago.

PhD: Princeton University, 1993.

Selected Addresses: Invited speaker, 
International Congress of Mathema-
ticians, Berlin, 1998; Invited speaker, 

International Congress of Mathematicians, Hyderabad, 
2010; Invited one-hour address, Joint Mathematics Meet-
ings, Seattle, 2016; Chern Lectures, UC Berkeley, 2016; 
Simons Lecture Series, Stony Brook, 2019.

Additional Information: Sloan Fellow, 1993; Packard 
Fellow, 1997; Clay Research Award, 2007; Member, Amer-
ican Academy of Arts and Sciences, 2011; Fellow of the 
AMS, 2012; Simons Investigator Award, 2014; Member, 
National Academy of Sciences, 2015; Breakthrough Prize 
in Mathematics, 2020.

Selected Publications: 1. with S. Filip and A. Wright, The al-
gebraic hull of the Kontsevich-Zorich cocycle, Ann. of Math. 
(2) 188 (2018), no. 1, 281–313. MR3815463; 2. with M. 
Mirzakhani, Invariant and stationary measures for the SL(2, 
R) action on moduli space, Publ. Math. Inst. Hautes Études 
Sci. 127 (2018), 95–324. MR3814652; 3. with M. Mir-
zakhani and A. Mohammadi, Isolation, equidistribution, 
and orbit closures for the SL(2, R) action on moduli space, 
Ann. of Math. (2) 182 (2015), no. 2, 673–721. MR3418528; 
4. with D. Fisher and K. Whyte, Coarse differentiation of 
quasi-isometries II: Rigidity for Sol and lamplighter groups, 
Ann. of Math. (2) 177 (2013), no. 3, 869–910. MR3034290; 
5. with D. Fisher and K. Whyte, Coarse differentiation of 
quasi-isometries I: Spaces not quasi-isometric to Cayley 
graphs, Ann. of Math. (2) 176 (2012), no. 1, 221–260. 
MR2925383.

Human Resources, National Science Foundation, 2011–
2013, 2016–2018; Member, SIAM Education Committee, 
2013–2019; Member, Mathematical Association of America 
(MAA) Committee on Minority Participation in Mathemat-
ics, 2014–2020; Member, Society for Industrial and Applied 
Mathematics (SIAM) Diversity Committee, 2014–present; 
Board Member, National Association of Mathematicians, 
2016–2018; Board Member, Spectra (organization for 
LGBT mathematicians), 2017–present; Member, Mathe-
matical Sciences Research Institute’s Human Resources 
Advisory Committee (MSRI HRAC), 2019–2022; Chair, 
SIAM Membership Committee, 2020–present. Awards: 
Principal Investigator, MAA Tensor-SUMMA Award, 2009, 
2010; National Organization for Gay and Lesbian Scientists 
and Technical Professionals (NOGLSTP) LGBT Educator of 
the Year, 2011; Principal Investigator, NSF S-STEM Award 
DUE-1457943, 2015; Mathematically Gifted & Black, 2018; 
American Conference of Academic Deans (ACAD) 75th 
Anniversary Inaugural Fellow, 2019. Journals: Associate 
Editor, Numerical Methods for Partial Differential Equations, 
2010–present; Associate Editor, SIAM Undergraduate Re-
search Online (SIURO), 2014–2017; Editor, Community of 
Ordinary Differential Equations Educators (CODEE) Journal, 
2016–2020.

Selected Publications: 1. Application of a Mickens fi-
nite-difference scheme to the cylindrical Bratu-Gelfand 
problem, Numer. Methods Partial Differential Equations 20 
(2004), no. 3, 327–337. MR2046520; 2. Applications 
of Mickens finite differences to several related boundary 
value problems, Advances in the applications of nonstandard 
finite difference schemes, World Sci. Publ., Hackensack, NJ, 
2005, 47–87. MR2212198; 3. with D. A. Edwards and 
J. Ortega-Gingrich, A mathematical model of cinematic 
box-office dynamics with geographic effects, IMA J. Manag. 
Math. 25 (2014), no. 2, 233–257. MR3181612; 4. with K. 
Basu, T. Basu, and N. Lal, Predictive models of student 
college commitment decisions using machine learning, 
Data 4 (2019), no. 2, 65; 5. with R. Bryant, L. Khadjavi, and 
D. Lind, The origins of Spectra, an organization for LGBT 
mathematicians, Notices Amer. Math. Soc. 66 (2019), no. 6, 
875–882. MR3929579.

Statement by Candidate: I am honored and excited to be 
asked by the AMS President to stand for election to the 
AMS Nominating Committee. This is an important com-
mittee which makes recommendations of candidates to the 
Council that the entire AMS membership votes on in every 
election. I have multiple decades of experience serving the 
mathematics community, with two animating philosophies 
at my core: “Mathematics is for solving problems” and 
“Everyone should have the opportunity to participate in the 
mathematics community.” I appreciate the role that AMS 
plays in our community and I would be delighted to serve 
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perspectives. This includes diversity in terms of types of 
institutions where nominees are employed, diversity across 
different areas of mathematics, career stage, gender, race, 
geography, and any other kind of diversity that might help 
the AMS more fully understand the issues facing math-
ematicians. During my years on AMS Council, I could 
particularly see the value in having voices coming from an 
assortment of different types of institutions—to help the 
AMS to be aware of the wide assortment of issues facing 
different contingencies in the math community. Such diver-
sity of perspective is not so difficult to achieve since there 
are first-rate mathematicians to be found all throughout 
the math community. Nominees with past administrative 
experience may especially help the AMS to get the details in 
AMS policies just right, while at the same time some fresh 
faces may bring very creative and useful new ideas to the 
AMS. Most importantly, I would try to help the Nominating 
Committee think of candidates who would not only see 
such a nomination/election as an honor, but also as an 
opportunity to make a difference in the math community.

Nominating Committee
Matthew Kahle
Professor, Ohio State University.

PhD: University of Washington, 
2007.

AMS Committees: AMS Central Sec-
tion Program Committee, 2016–
2018; Centennial Fellowship Com-
mittee, 2018–2020.

Selected Addresses: Plenary speaker at Stanford Sym-
posium on Algebraic Topology: Applications and New 
Directions, 2012; AMS Short Course on Geometry and To-
pology in Statistical Inference, Joint Mathematics Meetings, 
Baltimore, 2014; AMS Invited address, Central Autumn 
Sectional Meeting, Eau Claire, 2014; Joint Colloquium, 
Brandeis-Harvard-MIT-Northeastern, 2015; Public Lecture 
at National Math Festival, Washington, DC, 2015.

Additional Information: Sloan Research Fellowship, 2012; 
NSF CAREER award, 2014; Fellows of the American Math-
ematical Society, Class of 2019.

Selected Publications: 1. with E. Babson and C. Hoff-
man, The fundamental group of random 2-complexes, 
J. Amer. Math. Soc. 24 (2011), no. 1, 1–28. MR2726597; 
2. with Y. Baryshnikov and P. Bubenik, Min-type Morse 
theory for configuration spaces of hard spheres, Int. Math. 
Res. Not. IMRN 2014, no. 9, 2577–2592. MR3207377; 
3. Sharp vanishing thresholds for cohomology of ran-
dom flag complexes, Ann. of Math. (2) 179 (2014), no. 

Statement by Candidate: It is an honor to be considered 
for the AMS Nominating Committee. Core parts of the 
mission of the AMS include helping secure funding for 
mathematical research, increasing public outreach, and 
last but not least, growing the profession by utilizing the 
untapped potential of underrepresented groups. If elected, 
I will try to help identify candidates who will strive to 
achieve these goals, while helping to make the profession 
welcoming to all.

Nominating Committee
Patricia Hersh
Professor of Mathematics, University 
of Oregon.

PhD: MIT, 1999.

AMS Committees: AMS Council, 
2011–2014; Committee on the Pro-
fession, 2011–2014; Editorial Board 
for Proceedings of the AMS, 2014–pres-

ent; Southeastern Section Program Committee, 2017–2019 
(Chair, 2018–2019); AMS Fellows Selection Committee, 
2017–2020 (Chair, 2018–2020).

Selected Addresses: Southeastern Lie Theory Workshop, 
May 2010; AMS Southeastern Sectional Meeting Invited 
Address, March 2013; Formal Power Series and Algebraic 
Combinatorics (FPSAC) Conference Invited Address, Paris, 
France, June 2013; Brown University Math Department 
Colloquium, February 2015; Cornell Topology Festival 
Invited Address, May 2016.

Additional Information: AWM Alice T. Schafer Prize run-
ner-up, 1994; AWM Ruth Michler Prize winner, 2010–2011; 
Fellow of the AMS, 2016; Member of AMS, AWM, and SIAM.

Selected Publications: 1. with P. Hanlon, Multiplicity of 
the trivial representation in rank-selected homology of 
the partition lattice, J. Algebra 266 (2003), no. 2, 521–538. 
MR1995126; 2. with E. Babson, Discrete Morse functions 
from lexicographic orders, Trans. Amer. Math. Soc. 357 
(2005), no. 2, 509–534. MR2095621; 3. Shelling Cox-
eter-like complexes and sorting on trees, Adv. Math. 221 
(2009), no. 3, 812–829. MR2511039; 4. Regular cell com-
plexes in total positivity, Invent. Math. 197 (2014), no. 1, 
57–114. MR3219515; 5. with K. Mészáros, SB-labelings and 
posets with each interval homotopy equivalent to a sphere 
or a ball, J. Combin. Theory Ser. A 152 (2017), 104–120. 
MR3682728.

Statement by Candidate: I would seek to nominate 
thoughtful, diligent, experienced, fair-minded mathema-
ticians who would bring to the AMS a wealth of different 
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2012; Associate Director, Statistical and Applied Mathe-
matical Sciences Institute (SAMSI), 2011–2014; Editorial 
board member for Advances in Mathematics, Beiträge zur 
Algebra und Geometrie, Discrete Math, Journal of Applied and 
Computational Topology, Journal of Combinatorial Theory Series 
A; Member, Society for Industrial and Applied Mathematics.

Selected Publications: 1. with B. Sturmfels, Combinato-
rial commutative algebra, Graduate Texts in Mathematics, 
vol. 227, Springer-Verlag, New York, 2005. MR2110098 
(2006d:13001); 2. with A. Knutson, Gröbner geometry 
of Schubert polynomials, Ann. of Math. (2) 161 (2005), 
no. 3, 1245–1318. MR2180402 (2006i:05177); 3. with 
L. Matusevich and U. Walther, Homological methods for 
hypergeometric families, J. Amer. Math. Soc. 18 (2005), 
no. 4, 919–941. MR2163866 (2007d:13027); 4. with S. 
Huckemann, J. C. Mattingly, and J. Nolen, Sticky central 
limit theorems at isolated hyperbolic planar singularities, 
Electron. J. Probab. 20 (2015), no. 78, 1–34. MR3371437; 
5. with P. Bendich, J. S. Marron, A. Pieloch, and S. Skwerer, 
Persistent homology analysis of brain artery trees, Ann. 
Appl. Stat. 10 (2016), no. 1, 198–218. MR3480493.

Statement by Candidate: It is an honor to be asked by the 
AMS to stand for election to the Nominating Committee. I 
would serve as a voice for interactions between deep, pure 
mathematics and meaningful applications, bringing to bear 
experiences running annual programs at MSRI and SAMSI, 
as well as smaller-scale events at other institutes, on topics 
ranging from commutative algebra, algebraic geometry, and 
combinatorics to biology, neuroscience, medical imaging, 
and statistics. These organizational activities have com-
plemented my research and mentoring. All of these efforts 
have been consciously infused with diversity in all its forms, 
involving a full spectrum of seniority, geography, pure and 
applied mathematics, and gender, with (for example) half 
or more of each category of my advisees, from undergrad-
uate to postdoctoral, having been women.

Nominating Committee
David Savitt
Professor of Mathematics and De-
partment Chair, Johns Hopkins Uni-
versity.

PhD: Harvard, 2001.

AMS Committees: Committee on 
the Profession, 2014–2017 (Chair, 
2016–2017).

Selected Addresses: Galois Trimester, IHP, Paris, 2010; 
Lecture series at POSTECH, South Korea, 2011; Work-
shop on geometric methods in the p-adic Langlands  

3, 1085–1107. MR3171759; 4. with O. Bobrowski and P. 
Skraba, Maximally persistent cycles in random geometric 
complexes, Ann. Appl. Probab. 27 (2017), no. 4, 2032–2060. 
MR3693519; 5. with D. Dotterrer and L. Guth, 2-complexes 
with large 2-girth, Discrete Comput. Geom. 59 (2018), no. 2, 
383–412. MR3755728.

Statement by Candidate: The charge of the Nominating 
Committee is to recommend to the Council a slate of of-
ficers for election in the fall election. It is important that 
these officers represent the diversity of the AMS. Obviously, 
it should include women and other underrepresented 
groups. The officers will ideally represent theoretical and 
applied areas of mathematics, and will also come from 
various institutions, public and private, PhD-granting uni-
versities and liberal arts colleges. I am particularly interested 
in identifying leaders who can act as ambassadors to the 
general public, shining light on the power of quantitative 
reasoning and clear, concise communication. I believe that 
mathematics has something profound to offer the world, 
in the face of unprecedented crises such as climate change. 
If elected, my aspiration is to help identify leaders in our 
community who embody this potential and hope.

Nominating Committee
Ezra Miller
Professor, Departments of Mathe-
matics and Statistical Science, Duke 
University.

PhD: University of California, Berke-
ley, 2000.

AMS Committees: AMS-IMS-SIAM 
Committee on Joint Summer Re-

search Conferences in the Mathematical Sciences, 2007; 
AMS Southeastern Section Program Committee, 2012–
2014; AMS Short Course Subcommittee, 2012–2015; AMS 
Fellows Selection Committee, 2013–2015.

Selected Addresses: Plenary address, AMS Sectional Meet-
ing, Cincinnati, OH, 2006; Plenary address, Formal Power 
Series & Algebraic Combinatorics, Tianjin, China, 2007; 
Invited Address, German Probability and Statistics Days, 
Ulm, Germany, 2014; Plenary address, Algebraic Topology: 
Methods, Computation, and Science, Vienna, Austria, 2018; 
Simons CRM Professor Lecture Series, 50th Anniversary of 
CRM, Montréal, Quebec, 2018.

Additional Information: Alfred P. Sloan Doctoral Disser-
tation Fellow, 1999–2000; University of Minnesota “Thank 
a Teacher” award, 2004; NSF CAREER award, 2005–2010; 
University of Minnesota McKnight Presidential Fellow, 
2007–2009; Fellow of the American Mathematical Society, 
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Selected Addresses: Krieger–Nelson Lecture, Canadian 
Mathematical Society, 2005; Invited speaker, International 
Congress on Industrial and Applied Mathematics, Zurich, 
2007; Plenary speaker, European Women in Mathematics 
Conference, Novi Sad, 2009; Noether Lecture, AMS-AWM, 
2012; Kovalevsky Lecture, AWM-SIAM, 2012.

Additional Information: Fellow of American Association 
for the Advancement of Science, 1992; SIAM Fellow, 2010; 
AMS Fellow, 2012; Fields Institute Fellow, 2013; Honorary 
Doctor of Mathematics, University of Waterloo, 2010; 
SIAM Prize for Distinguished Service to the Profession, 
2012; AWM Fellow, 2017. Member: Society for Industrial 
and Applied Mathematics, American Association for the 
Advancement of Science, Association for Women in Math-
ematics, Sigma Xi, Canadian Mathematical Society, Cana-
dian Applied and Industrial Mathematics Society.

Selected Publications: 1. with M. Golubitsky and D. 
Schaeffer, A singularity theory analysis of a thermal-chain-
branching model for the explosion peninsula, Comm. Pure 
Appl. Math. 34 (1981), no. 4, 433–463. MR0615625; 2. 
with H. C. Kranzer, Spaces of weighted measures for con-
servation laws with singular shock solutions, J. Differential 
Equations 118 (1995), no. 2, 420–451. MR1330835; 3. 
with S. Čanić and G. M. Lieberman, A proof of existence 
of perturbed steady transonic shocks via a free bound-
ary problem, Comm. Pure Appl. Math. 53 (2000), no. 4, 
484–511. MR1733695; 4. with S. Čanić and E. H. Kim, A 
free boundary problem for a quasilinear degenerate elliptic 
equation: Regular reflection of weak shocks, Comm. Pure 
Appl. Math. 55 (2002), no. 1, 71–92. MR1857880; 5. with 
J. Holmes and F. Tiğlay, Nonuniform dependence on initial 
data for compressible gas dynamics: The Cauchy problem 
on R2, SIAM J. Math. Anal. 50 (2018), no. 1, 1237–1254. 
MR3763924.

Statement by Candidate: I am honored to be nominated 
for a position on the AMS Editorial Boards Committee. 
Publication of the research results of the mathematical 
community is one of the essential functions of the AMS. 
I feel that as we ride through this period of churn in the 
publication industry the role of not-for-profit organizations 
is more important than ever. I have served on the Editorial 
Boards of both the AMS Proceedings and the AMS Transac-
tions, and I am aware of the workload, the commitment, 
and the judgment involved in these positions. I look for-
ward to this potential opportunity to further serve the AMS, 
and to supply my knowledge of the applied mathematics 
community when this might be helpful.

correspondence, Pisa, 2016; Workshop on p-adic Hodge 
theory and automorphic forms, Beijing, 2017; Workshop 
on geometrization of the Langlands program, Lyon, 2018.

Additional Information: Instructor at Canada/USA Math-
camp, a high school summer program, most years 1996–
2014; Board of directors, Canada/USA Mathcamp, 2002–
present; Lead organizer of the Arizona Winter School, 
2007–2013; Presidential Early Career Award for Scientists 
and Engineers, 2012; AMS Fellow, 2017; AWM member, 
2018–present.

Selected Publications: 1. On a conjecture of Conrad, 
Diamond, and Taylor, Duke Math. J. 128 (2005), no. 1, 
141–197. MR2137952 (2006c:11060); 2. with T. Gee and 
T. Liu, The Buzzard–Diamond–Jarvis conjecture for unitary 
groups, J. Amer. Math. Soc. 27 (2014), no. 2, 389–435. 
MR3164985; 3. with M. Emerton and T. Gee, Lattices in the 
cohomology of Shimura curves, Invent. Math. 200 (2015), 
no. 1, 1–96. MR3323575; 4. with T. Gee and T. Liu, The 
weight part of Serre’s conjecture for GL(2), Forum Math. 
Pi 3 (2015), e2, 52 pp. MR3324938; 5. with T. Gee and F. 
Herzig, General Serre weight conjectures, J. Eur. Math. Soc. 
20 (2018), no. 12, 2859–2949. MR3871496.

Statement by Candidate: I am honored to be considered 
for a position on the Nominating Committee. The work of 
the AMS is of vital importance to our community and our 
profession, and the AMS is most effective in carrying out its 
mission when many voices and perspectives are included 
in the decision-making process. If elected I am committed 
to identifying a diverse and capable group of candidates 
for AMS leadership positions, especially by seeking out 
candidates with a wide range of lived experiences and rep-
resenting a broad spectrum of institutions.

Editorial Boards Committee
Barbara Lee Keyfitz
Professor of Mathematics, The Ohio 
State University.

PhD: New York University, 1970.

AMS Offices: Coordinating Editor, 
AMS Proceedings, 1992–1994; Edito-
rial Board, AMS Transactions, 1998–
2002; Vice President, 2011–2014.

AMS Committees: Committee on Summer Institutes and 
Special Symposia, 1989–1992; Nominating Committee, 
1990–1992; Ad Hoc Committee on Applications of Mathe-
matics, 1990–1992; Task Force on Excellence in Mathemat-
ics Scholarship, 1992–1996; Mathematical Reviews Editorial 
Committee, 2010–2018.
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exist only through the continued efforts by mathematicians 
with a broad view of their subject areas who serve as editors. 
I would be honored to participate in this important role, to 
help select editors who would bring discernment in terms 
of the quality of mathematics as well as awareness of issues 
related to broad access.

Editorial Boards Committee
Anna Mazzucato
Professor of Mathematics, Pennsyl-
vania State University.

PhD: University of North Carolina, 
Chapel Hill, 2000.

AMS Committees: Committee on 
Meetings and Conferences, 2012–
2015; Council, 2016–2019; Com-

mittee on Science Policy; Stefan Bergman Trust Fund 
Committee, 2016–2019.

Selected Addresses: Plenary Address, ICDEA, Trois-Riv-
ières, Canada, 2011; Michler Memorial Lecture, Cornell 
University, Ithaca, 2012; Invited Lecture, NSF-CBMS Re-
gional Research Conference in the Mathematical Sciences, 
Oklahoma State University, 2014; Invited Lecture, XVI 
International Conference on Hyperbolic Problems: Theory, 
Numerics, Applications (HYP 16), Aachen, Germany, 2016; 
Plenary Lecture, KUMUNU 2017 Conference, University of 
Nebraska, Lincoln, 2017.

Additional Information: Gibbs Instructor, Yale University, 
2000–2003; AMS-MAA-SIAM Morgan Prize Committee, 
2009–2011; Ruth I. Michler Memorial Prize, 2011; Secretary, 
SIAG/APDE, 2013–2014; SIAM Coordinating Committee of 
the JMM, 2016–2018; AWM-Sadosky Research Prize Selec-
tion Committee, 2016–2020; SIAG/APDE Prize Selection 
Committee, 2017; SIAM Nominating Committee, 2017–
2019; IMA Prize Selection Committee, 2019; IOP E-books 
Editorial Advisory Board, 2019–present. Editorial Boards: 
Journal of Mathematical Analysis and Applications, 2015–2019; 
SIAM Journal on Mathematical Analysis, 2015–present; Non-
linearity, 2019–present; Physica D, 2019–present; Multiscale 
Modeling and Simulations, 2020–present. Member: AMS, 
AWM, IPIA, SIAM. 

Selected Publications: 1. Besov-Morrey spaces: func-
tion space theory and applications to non-linear PDE, 
Trans. Amer. Math. Soc. 355 (2003), no. 4, 1297–1364. 
MR1946395; 2. with M. C. Lopes Filho and H. J. Nussenz-
veig Lopes, Weak solutions, renormalized solutions and 
enstrophy defects in 2D turbulence, Arch. Ration. Mech. 
Anal. 179 (2006), no. 3, 353–387. MR2208320; 3. with 
V. Nistor, Well-posedness and regularity for the elasticity 

Editorial Boards Committee
Rafe Mazzeo
Professor of Mathematics, Stanford 
University.

PhD: Massachusetts Institute of Tech-
nology, 1986.

AMS Committees: Math in Mos-
cow Committee, Chair, 2001–2004; 
Graduate Studies in Mathematics, 

2008–2016; Epsilon Award Committee, 2009–2012; Notices 
Editorial Board Committee, 2010–2014; Committee on 
Committees, 2013–2015. 

Selected Addresses: Yamabe Lectures, Northeastern Uni-
versity, 2012; Spring Lecture Series, Main Lecturer, Univer-
sity of Arkansas, 2012; Emil Grosswald Lectures, Temple 
University, 2019.

Additional Information: NSF Postdoctoral Fellowship, 
1987–1990; Sloan Fellowship, 1991–1995; NSF Young In-
vestigator, 1992–1997; Faculty Director, Stanford Pre-Col-
legiate Studies and Stanford Online High School, 2010–
present; Director, IAS/Park City Mathematics Institute, 
2015–2024; Director of Stanford University Math Camp, 
1995–2008; Scientific Advisory Committees: Banff Interna-
tional Research Station, 2008–2010, and American Institute 
of Mathematics, 2010–present; Organizing Committee, 
MSRI Semesters, Spring 2001 and Fall 2022, and PCMI 
Summer Session 2013. 

Selected Publications: 1. Elliptic theory of differential 
edge operators I, Comm. Partial Differential Equations 16 
(1991), no. 10, 1615–1664. MR1133743; 2. with C. L. 
Epstein, Degenerate diffusion operators arising in population 
biology, Annals of Mathematics Studies, vol. 185, Princeton 
University Press, Princeton, NJ, 2013. MR3202406; 3. with 
T. Jeffres and Y. Rubinstein, Kähler-Einstein metrics with 
edge singularities, Ann. of Math. (2) 183 (2016), no. 1, 
95–176. Appendix by C. Li and Y. Rubinstein. MR3432582; 
4. with J. Swoboda, H. Weiss, and F. Witt, Ends of the 
moduli space of Higgs bundles, Duke Math. J. 165 (2016), 
no. 12, 2227–2271. MR3544281; 5. with E. Witten, The 
Nahm pole boundary condition, The Influence of Solomon 
Lefschetz in Geometry and Topology: 50 Years of Mathematics at 
CINVESTAV, Contemp. Math., vol. 621, Amer. Math. Soc., 
Providence, RI, 2014, 171–226. MR3289327.

Statement by Candidate: The AMS journals and book 
series, with their high quality and relatively low costs com-
pared to commercial publishers, are a crucial and extremely 
important resource for the mathematics community. These 
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SIAM J. Applied Dynamical Systems, 2004–2019; J. Diff. 
Eqns., 2011–2018.

Selected Publications: 1. with W. Craig, Newton’s method 
and periodic solutions of nonlinear wave equations, 
Comm. Pure Appl. Math. 46 (1993), no. 11, 1409–1498. 
MR1239318; 2. with T. Schäfer, Propagation of ultra-short 
optical pulses in cubic nonlinear media, Phys. D 196 
(2004), no. 1-2, 90–105. MR2089976; 3. with T. Gallay, 
Global stability of vortex solutions of the two-dimensional 
Navier-Stokes equation, Comm. Math. Phys. 255 (2005), 
no. 1, 97–129. MR2123378; 4. with M. Beck, Using global 
invariant manifolds to understand metastability in the 
Burgers equation with small viscosity, SIAM Rev. 53 (2011), 
no. 1, 129–153. MR2785882; 5. with M. Beck and O. 
Chaudhary, Rigorous justification of Taylor dispersion via 
center manifolds and hypocoercivity, Arch. Ration. Mech. 
Anal. 235 (2020), no. 2, 1105–1149. MR4064195.

Statement by Candidate: I am honored to be nominated 
for membership on the AMS Editorial Boards Committee 
(EBC). AMS publications are among the Society’s most 
important services to the profession, not just here in the US 
but throughout the world. AMS journals serve an especially 
important role because they simultaneously have extremely 
high standards and remain relatively affordable. If elected 
to the EBC I will work to recommend members of the ed-
itorial boards of AMS publications who will maintain the 
excellence of these journals and will reflect the breadth and 
diversity of the membership of the Society.

equation with mixed boundary conditions on polyhedral 
domains and domains with cracks, Arch. Ration. Mech. Anal. 
195 (2010), no. 1, 25–73. MR2564468; 4. with G. Alberti 
and G. Crippa, Loss of regularity for the continuity equation 
with non-Lipschitz velocity field, Ann. PDE 5 (2019), no. 1, 
Art. 9, 19 pp. MR3933614; 5. with G. Alberti and G. Crippa, 
Exponential self-similar mixing by incompressible flows, J. 
Amer. Math. Soc. 32 (2019), no. 2, 445–490. MR3904158.

Statement by Candidate: I am honored to have been 
nominated as a candidate for the AMS Editorial Boards 
Committee. This is a time of important changes in the 
way that mathematics is communicated and articles are 
published, especially in mathematics, but not only, with 
the availability of preprint archives and the need for open 
access. It is important for journals to provide a flexible, yet 
affordable, platform to publish relevant and accurate con-
tent. Book publishing is equally important. Publishers must 
strike a balance between an effective and dependable review 
process and agile and timely publishing, particularly of 
scholarly articles. If elected, I will work tirelessly to sustain, 
expand, and improve AMS publishing towards these goals.

Editorial Boards Committee
C. Eugene Wayne
Professor of Mathematics, Boston 
University.

PhD: Harvard University, 1982.

AMS Committees: Committee to 
select the Gibbs Lecturer, 1999; Com-
mittee on Summer Institutes and 
Special Symposia, 1999.

Selected Addresses: Plenary Lecture at the SIAM Meeting 
on Applied Dynamical Systems, Snowbird, Utah, May 
2003; Plenary Lecture at Dynamics Days, Europe‚ Lough-
borough University, July 2007; Plenary Lecture at the Sym-
posium on Dynamical Systems at the Chinese Academy 
of Sciences, Beijing, August 2007; Distinguished Lecture 
in Applied Mathematics, University of Massachusetts, 
Amherst, October 2010; Plenary Lecture at the University 
of Kansas and University of Missouri Conference on PDE, 
Dynamical Systems and Applications, April 2015.

Additional Information: Fellow of the American Math-
ematical Society; Fellow of the Society for Industrial and 
Applied Mathematics; MAA Award for Distinguished 
University Teaching of Mathematics, Allegheny Mountain 
Section, 1997. Editorial Boards: SIAM J. Math. Analysis, 
1997–present; Carus Monograph Series of the MAA, 1998–
2001; J. Math. Analysis and Applications, 2000–present;  
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http://www.ams.org/mathscinet-getitem?mr=2564468
http://www.ams.org/mathscinet-getitem?mr=3933614
http://www.ams.org/mathscinet-getitem?mr=3904158
http://www.ams.org/mathscinet-getitem?mr=1239318
http://www.ams.org/mathscinet-getitem?mr=2123378
http://www.ams.org/mathscinet-getitem?mr=2089976
http://www.ams.org/mathscinet-getitem?mr=2785882
http://www.ams.org/mathscinet-getitem?mr=4064195
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YOUR SUGGESTIONS ARE WANTED BY:

the Nominating Committee, for the following contested
seats in the 2021 AMS elections:

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

Deadline for suggestions: November 1, 2020

the President, for the following contested seats in the
2021 AMS elections:

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

Deadline for suggestions: January 31, 2021

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
201 Charles Street
Providence, RI 02904-2213 USA
secretary@ams.org
or submit them online at www.ams.org/committee-nominate
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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 2021. 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 

Secretary, American Mathematical Society, 201 Charles 
Street, Providence, RI 02904-2213 USA, and must arrive 
by 24 February 2021.

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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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 02/01/2022)
   Member at Large of the Council (term beginning 02/01/2022)
   Member of the Nominating Committee (term beginning 01/01/2022)
   Member of the Editorial Boards Committee (term beginning 02/01/2022)

of the American Mathematical Society.

Return petitions by February 24, 2021 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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Award for an Exemplary 
Program or Achievement in 
a Mathematics Department
This award recognizes a department which has distin-
guished itself by undertaking an unusual or particularly 
effective program of value to the mathematics community, 
internally or in relation to the rest of society. Examples 
might include a department that runs a notable minority 
outreach program, a department that has instituted an 
unusually effective industrial mathematics internship 
program, a department that has promoted mathemat-
ics so successfully that a large fraction of its university's 
undergraduate population majors in mathematics, or a 
department that has made some form of innovation in its 
research support to faculty and/or graduate students, or 
which has created a special and innovative environment 
for some aspect of mathematics research.

About this Award
This award was established in 2004. For the first three 
awards (2006–2008), the prize amount was US$1,200.  
The prize was endowed by an anonymous donor in 2008, 
and starting with the 2009 prize, the amount is US$5,000.

This US$5,000 prize is awarded annually. Departments 
of mathematical sciences in North America that offer at 
least a bachelors degree in mathematical sciences are el-
igible.

Next Award: 2021

Nomination Deadline: September 15, 2020

Nomination Procedure
A letter of nomination may be submitted by one or more 
individuals. Nomination of the writer’s own institution 
is permitted. The letter should describe the specific pro-
gram(s) for which the department in being nominated 
as well as the achievements which make the program(s) 
an outstanding success, and may include any ancillary  

AMS Prizes & Awards
Mathematics Programs 
that Make a Difference
This Award for Mathematics Programs that Make a Differ-
ence was established in 2005 by the AMS’s Committee on 
the Profession to compile and publish a series of profiles 
of programs that:
1. aim to bring more persons from underrepresented 

backgrounds into some portion of the pipeline be-
ginning at the undergraduate level and leading to 
advanced degrees in mathematics and professional 
success, or retain them once in the pipeline;

2. have achieved documentable success in doing so; and
3. are replicable models.

About this Award
One program is selected each year by the AMS Committee 
on the Profession and is awarded US$1,000 provided by 
the Mark Green and Kathryn Kert Green Fund for Inclusion 
and Diversity.

Preference is given to programs with significant partici-
pation by underrepresented minorities. Note that programs 
aimed at pre-college students are eligible only if there is 
a significant component of the program benefiting indi-
viduals from underrepresented groups at or beyond the 
undergraduate level.

Next Award: 2021

Nomination Deadline: September 15, 2020

The nomination procedure can be found at https://www 
.ams.org/make-a-diff-award. For questions, contact 
aed-mps@ams.org.

https://www.ams.org/make-a-diff-award
https://www.ams.org/make-a-diff-award
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significant contributions made by the nominee(s) and pro-
vide evidence of the impact these contributions have made 
on the teaching and learning of mathematics. The letter of 
nomination should not exceed two pages, and may include 
supporting documentation not to exceed three additional 
pages. A brief curriculum vitae for each nominee should 
also be included. The non-winning nominations will au-
tomatically be reconsidered, without further updating, for 
the awards to be presented over the next two years. 

To nominate a colleague, please see instructions here: 
https://www.ams.org/impact.

Joan and Joseph  
Birman Fellowship  
for Women Scholars

About this Award
The Joan and Joseph Birman Fellowship for Women Schol-
ars is a mid-career research fellowship specially designed to 
fit the unique needs of women. The fellowship seeks to ad-
dress 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-established 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. 

Next Award: The award for the 2021–2022 academic year 
will be in the amount of $50,000. 

Nomination Deadline: The application period is Septem-
ber 1, 2020, through December 1, 2020.

Nomination Procedure: Learn more about the applica-
tion process and requirements at http://www.ams.org 
/programs/ams-fellowships/Birman-fellow.

AMS Centennial  
Research Fellowship

About this Award
The AMS Centennial Research Fellowship Program makes 
an award annually to an outstanding mathematician to 
help further their career in research. The primary selection 
criterion for the Centennial Fellowship is the excellence of 
the candidate’s research.

 

documents which support the success of the program(s).  
Where possible, the letter and documentation should 
address how these successes came about by 1) systematic, 
reproducible changes in programs that might be imple-
mented by others, and/or 2) have value outside the math-
ematical community.  The letter should not exceed two 
pages, with supporting documentation not to exceed an 
additional three pages.

Nominations may be submitted through the form 
available here: https://www.mathprograms.org/db 
/programs/809 or by sending them by postal mail to 
Steve Ferrucci, 201 Charles Street, Providence, RI 02904, 
or 401-455-4113. Nominations received by September 15 
will be considered for the award announced the following 
spring; the non-winning nominations will automatically 
be reconsidered, without further updating, for the awards 
to be presented over the next two years.  Questions about 
this award and the nomination process should be directed 
to Steve Ferrucci or 401-455-4113.

Award for Impact on 
the Teaching and Learning 
of Mathematics
This award is given annually to a mathematician (or group 
of mathematicians) who has made significant contribu-
tions of lasting value to mathematics education.

Priorities of the award include recognition of:
(a) accomplished mathematicians who have worked di-

rectly with pre-college teachers to enhance teachers' impact 
on mathematics achievement for all students, or

(b) sustainable and replicable contributions by math-
ematicians to improving the mathematics education of 
students in the first two years of college.

About this Award
The Award for Impact on the Teaching and Learning of 
Mathematics was established by the AMS Committee on 
Education in 2013. The endowment fund that supports 
the award was established in 2012 by a contribution from 
Kenneth I. and Mary Lou Gross in honor of their daughters 
Laura and Karen.

The US$1,000 award is given annually. The recipient is 
selected by the Committee on Education.

Next Award: 2021

Nomination Deadline: September 15, 2020

Nomination Procedure
Letters of nomination may be submitted by one or more 
individuals. The letter of nomination should describe the 

https://www.mathprograms.org/db/programs/809
https://www.mathprograms.org/db/programs/809
http://www.ams.org/programs/ams-fellowships/Birman-fellow
http://www.ams.org/programs/ams-fellowships/Birman-fellow
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Next Award: The fellowship to be awarded for 2021–2022 
will be in the amount of $50,000. The award is to be used 
for course release, research-related travel, and research-re-
lated expenses. Applications should include a cogent plan 
indicating how the fellowship will be used. The selection 
committee will consider the plan in addition to the quality 
of the candidate’s research and will award the fellowship 
to those for whom the award would make a real difference 
in the development of their research careers. Work in all 
areas of mathematics, including interdisciplinary work, is 
eligible.

 
Nomination Deadline: The application period is Septem-
ber 1, 2020, through December 1, 2020.

Nomination Procedure: Learn more about the applica-
tion process and requirements at http://www.ams.org 
/programs/ams-fellowships/centennial-fellow 
/emp-centflyer. 

Joint Prizes & Awards
AWM–AMS Noether Lecture
The Association for Women in Mathematics (AWM) es-
tablished the Emmy Noether Lectures in 1980 to honor 
women who have made fundamental and sustained con-
tributions 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.

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 contribu-
tion 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.

Learn more about the process here: https://awm 
-math.org/awards/noether-lectures.

When was the last time you visited the  
AMS Bookstore?

bookstore.ams.org

Spend smart.
As an AMS member, enjoy 
free shipping, a 20% 
discount on most AMS titles, 
and a 25% discount on titles 

from MAA Press, an imprint of the American 
Mathematical Society. MAA members will 
enjoy a 25% discount on all AMS/MAA Press 
titles and 10% on all other AMS titles. Visit 
the Bookstore regularly for special monthly 
sales and discounts.

Search better.
Our full listing of books 
is conveniently organized 
by multiple criteria and 
searchable by various 
advanced options to help you find 
exactly what you need.

Stay informed.
The monthly AMS Bookstore 
New Releases email offers 
many benefits to subscribers. 
Stay up-to-date on all AMS 
publications and sales. Sign up 

today at: ams.org/bookstore/keepinformed

http://www.ams.org/programs/ams-fellowships/centennial-fellow/emp-centflyer
http://www.ams.org/programs/ams-fellowships/centennial-fellow/emp-centflyer
http://www.ams.org/programs/ams-fellowships/centennial-fellow/emp-centflyer
https://awm-math.org/awards/noether-lectures
https://awm-math.org/awards/noether-lectures
http://bookstore.ams.org
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THE JOAN AND JOSEPH BIRMAN 
FELLOWSHIP FOR WOMEN SCHOLARS

The 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 
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ANNUAL SURVEY

Mathematical and Statistical Sciences Annual Survey

Real, Complex, Functional, and Harmonic Analysis; Geom-
etry and Topology; Discrete Mathematics, Combinatorics, 
Logic, and Computer Science; Probability; Statistics; Bio-
statistics; Applied Mathematics; Numerical Analysis and 
Approximation; Linear and Nonlinear Optimization and 
Control; Differential, Integral, and Difference Equations; 
Mathematics Education; Other/Unknown). The highest 
percentage, 32% (622), of the new PhDs had a dissertation 
in either Statistics or Biostatistics, followed by Algebra and 
Number Theory with 14% (269) and Applied Mathematics 
with 14% (265). Further details can be found in Table A.1 
in [1].

This report presents a statistical profile of recipients of 
doctoral degrees awarded by departments in the mathemat-
ical sciences at universities in the United States during the 
period July 1, 2017 through June 30, 2018. Information in 
this report was provided by 293 of the 324 doctorate-grant-
ing departments surveyed, with additional information 
provided by the individual degree recipients.

The Report on the 2017–2018 Employment Experiences of the 
New Doctoral Recipients immediately following this report 
provides an analysis of the fall 2018 employment plans of 
the 390 PhD recipients who responded to this survey, as 
well as a summary of their demographic characteristics.

The document containing these two reports along with 
the tables on which they are based is referenced here by 
[1], and it is available on the AMS website at www.ams
.org/annual-survey.

Overall Characteristics of the 2017–2018 Cohort
In mathematical and statistical sciences, 1,960 PhDs were 
awarded by the responding departments (293); 20 of these 
departments awarded no doctorates. Figure A.1 gives a 
breakdown of degree counts by department grouping. 
This overall count is essentially unchanged from that for 
the 2016–17 cohort, and the percentages are the same as 
well. Figure A.2  shows a breakdown of PhD production 
by mathematical and statistical sciences groups over the 
years from 2003–04 to 2017–18. Compared, for instance, 
with the 2007–08 cohort, the combined number of PhDs 
in 2017–18 is about 42% higher, which translates to an 
approximate 3.6% year-over-year increase on average.

Dissertation titles are identified by the Mathematics 
Subject Classification System [2] and then grouped into one 
of thirteen broad categories (Algebra and Number Theory; 

Report on the 2017–2018
New Doctorate Recipients
Amanda L. Golbeck, Thomas H. Barr, and Colleen A. Rose

Amanda L. Golbeck is associate dean for academic affairs and professor of biostatistics in the Fay W. Boozman College of Public Health at University of 
Arkansas for Medical Sciences. Thomas H. Barr is AMS special projects officer. Colleen A. Rose is AMS program analyst.

Figure A.1. Number and Percentage of 
Degrees Awarded by Department Grouping*

Total Degrees Awarded: 1,960

*See page 1206 for a description of the department groupings.

Math Public Large, 402, 21%

Math Public Medium, 361, 18%

Math Public Small, 249, 13%

Math Private Large, 225, 11%

Math Private Small, 73, 4%

Applied Math, 158, 8%

Statistics, 321, 16%

Biostatistics, 171, 9%

http://www.ams.org/annual-survey
http://www.ams.org/annual-survey
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Employment
The employment status as of late 2018 was known for 
1,696 of the 1,960 doctoral recipients. Figure E.1 gives a 
percentage breakdown by employment locale and seeking 
status. Figure E.2 shows the overall percentages of these 
PhDs reporting employment in various job sectors, and 
Figure E.3 provides a breakdown of the same information 
by citizenship.

Of the US citizens whose employment status is known, 
86% (714) are employed in the US, and of these:
 • 31% are employed in PhD-granting departments.
 • 36% are employed in all other academic categories.
 • 33% are employed in government, business and industry.

About 30% of the 2017–18 PhDs were in postdoc 
positions, which marks a decrease of about 3 percentage 

Figure A.2. New PhDs Awarded by Group
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1399, 71%
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204, 10%

Still Seeking
100, 5%

Not Seeking
11, <.5%

Unknown
246, 13%

Figure E.1. Employment Status
(n=1,960)

points from 2016–17. Most were in doctorate-granting 
departments, and their distribution is shown in Figure E.4. 
The counts of postdocs in various job sectors are shown in 
Figure E.5, broken down by citizenship. Of the PhDs in US 
academic jobs, 51% were postdocs.

Figure E.6 tracks the overall and women’s unemployment 
of new PhDs over a ten-year period. These rates have tended 
to parallel each other; in all but two of these years, the 
unemployment rate has been slightly lower for women. 
The highest unemployment rate in 2017–18 was reported 
in the Math Private Small (11%) group, and the lowest was 
about 3% in the Statistics group.

Full details regarding employment outcomes are 
contained in Tables F.1–F.3 and E.1–E.11 in [1].

All Mathematics*
366, 26%

Statistics & 
Biostatistics

79, 6%

Masters, Bachelors & 
2-Year Colleges

212, 15%

Other 
Academic & 

Research 
Institutes**

192, 14%
Government

62, 4%

Business & Industry
488, 35%

* Includes all Math Public, Math Private, and Applied Math departments.
** Other Academic consists of departments outside the mathematical 
sciences including numerous medical-related units.

Figure E.2. US Employed by 
Type of Employer

(n=1,399)
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• In all math groups except Math Private Large and 
Applied Math, more than half of the PhD recipients were 
US citizens. 

• In the Statistics groups, 35% of the new PhDs were 
US citizens.

• 50% of those identifying as men and 42% of those 
identifying as women were US citizens.

• Among the US citizens earning PhDs, 6 were 
American Indian or Alaska Native, 81 were Asian, 27 were 
Black or African American, 34 were Hispanic or Latino, 2 
were Native Hawaiian or Other Pacific Islander, 754 were 
White, and 31 were of unknown race/ethnicity.

Further details on the overall demographics of the 
2017–18 cohort are in Tables D.1–D.4 in [1].

Demographics
Gender and citizenship were known for all 1,960 new 
PhDs reported for 2017–18. Figure D.1 gives a breakdown 
by departmental grouping of the recipients’ gender, and 
Figure D.2 provides the same categorical breakdown by 
citizenship. Overall, 48% (935) of recipients were US 
citizens, 29% (567) were women, and 8% (79) were 
members of underrepresented minority groups. Figure 
D.3 shows the gender breakdown of the US citizens, and 
Figure D.4 shows the overall size of the PhD cohort and 
citizenship breakdown for 2017–18 and the preceding 
five years. 

Here are a few other features of the 2017–18 data:

*Includes all Math Public, Math Private, and Applied Math departments.
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Figure E.7. Percentage of New PhDs Known to be Employed
by Type of Employer

US Academic* US Nonacademic Non-US Academic Non-US Nonacademic
Fall 2014 56% 30% 12% 2%

Fall 2015 52% 35% 11% 1%

Fall 2016 54% 34% 10% 2%

Fall 2017 54% 35% 10% 2%

Fall 2018 53% 34% 10% 2%

0%

10%

20%

30%

40%

50%

60%

* Includes other academic departments and research institutes/other 
non-profits.

Figure D.3. Gender of US Citizen Doctoral 
Recipients by Degree-Granting Grouping
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Women Doctorates
Overall, 29% of doctorate recipients were women, the same 
as for 2016–17. Of the 1,017 PhDs taking academic jobs, 
28% (284) were women. Both of these percentages have 
decreased from their common high of 32% in 2014.

Figure F.1 gives some insight into which groups tend to 
hire their own women graduates. For example, the graph 
shows that in Math Public Small departments, women 
constituted 32% of PhDs produced, 19% of faculty hired 
in this group were women from this group, and overall 4% 
of women produced by this group were hired in this group.

Figure F.2 focuses on the percentage, over time, of 
US-citizen PhDs and graduate students who are women. It 
is notable that the percentage of women graduate students 
(tracked in the Departmental Profile reports of the Annual 
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Figure F.2. Women as a Percentage of US Citizen Doctoral Recipients and Graduate Students

Women

Department Group-
ing Produced Total

Hired
# Hired by 
Granting 

Dept.

Math Public Large  88   30  2

Math Public Medium 102   14  5

Math Public Small  79    9  3

Math Private Large  34  15  0

Math Private Small  13    7   1

Applied Math  39    5   1

Statistics 120  14  2

Biostatistics  92  19  7

Total 567 113 21

Table F.1. Number of Women Doctorates Produced 
by and Hired by Department Groupings

Survey) in the seven years leading up to 2017–18 has been 
steady at about 30%, whereas the percent of US citizen 
PhD recipients who are women has generally declined in 
this period. 

Tables D.1, D.3, and F.1 in [1] provide further details. 

Statistics/Biostatistics Doctorates
Eighty-nine departments in the Statistics groups (50 of 
60 Statistics and 39 of 46 Biostatistics) responded to this 
survey. They produced 492 doctorates, most of whom had 
dissertations in statistics or biostatistics (a few were in such 
areas as probability and applied math), 75 fewer than in 
2016–17. Figures S.1 through S.5 give breakdowns of these 
numbers by gender, citizenship, and employment status. In 
addition, departments in the Mathematics groups produced 
141 PhDs with dissertations in statistics or biostatistics. 
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Figure S.2. Gender of 
PhD Recipients from 

Statistics/Biostatistics Departments
(n=492)

Men
279, 57%

Women
212, 43%

Neither, 1, <.5%

Figure S.1. PhDs Awarded by
Statistics/Biostatistics Departments

(n=492)

Departments of
Statistics
321, 65%

Departments of 
Biostatistics

171, 35%

All Doctoral Math
14, 4%

Statistics & 
Biostatistics

69, 17%

Masters, 
Bachelors & 

2-Year
Colleges

20, 5%

Other Academic* & 
Research Institutes

74, 18%

Government, 9, 2%

Business & 
Industry
221, 54%

Figure S.5. US-Employed PhD Recipients
from Statistics/Biostatistics Departments 

by Type of Employer
(n=407)

* Other Academic consists of departments outside the mathematical 
sciences including numerous medical-related units.

Figure S.4. Employment Status of 
PhD Recipients from

 Statistics/Biostatistics Departments
(n=492)

US Employed
407, 83%

Non-US Employed
20, 4%

Still Seeking 
(in the US)

12, 2%

Unknown
53, 11%

So the overall number of PhDs specializing in statistical 
sciences for 2017–18, across all types of departments, was 
622, or 32% of the total. Table A.1 in [1] provides details.

Here are some attributes of the 2017–18 PhDs produced 
by departments in the Statistics groups:
• These doctorates constituted 25% of all those in 
mathematical sciences.
• 37% of those in Statistics and 54% in Biostatistics 
were women.
• 40% of the US citizens were women.
• The unemployment rate of 2.7% is about half the 
corresponding percentage among Math PhDs.
• 42% of those hired by Stat/Biostat departments 
were women.

Tables A.1, D.1–D.5, F.1–F.3, and E.1–E.11 in [1] include 
more details about PhDs in the Statistics groups.

References
[1] A. Golbeck, T. Barr, and C. Rose, Report on the 2017–2018 
New Doctorate Recipients, with Tables, www.ams.org/annual
-survey/2018Survey-NewDoctorates -Report.pdf. 
[2] MSC2020–Mathematics Subject Classification System, 
http://mathscinet.ams.org/msnhtml/msc2020.pdf

Departmental Groupings
In this report, Mathematical and Statistical Sciences
departments are those in four-year institutions in the US 
that refer to themselves with a name that incorporates 
(with a few exceptions) “Mathematics” or “Statistics” in 
some form. For instance, the term includes, but is not 
limited to, departments of “Mathematics,” “Mathematical 
Sciences,” “Mathematics and Statistics,” “Mathematics and 
Computer Science,” “Applied Mathematics,” “Statistics,” 
and “Biostatistics.” Also, Mathematics (Math) refers to 
departments that (with exceptions) have “Mathematics” in 
the name; Stat/Biostat refers to departments that incorporate 
(again, with exceptions) “Statistics” or “Biostatistics” in the 
name but do not use “Mathematics.” 

Figure S.3. Citizenship of 
PhD Recipients from 

Statistics/Biostatistics Departments
(n=492)

US Citizen
189, 39%

Non-US Citizen
301, 61%

Unknown Citizen
2, <.5%

http://www.ams.org/annual-survey/2018Survey-NewDoctorates -Report.pdf
http://www.ams.org/annual-survey/2018Survey-NewDoctorates -Report.pdf
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A department is in 
Group...

...when its subject area, 
highest degree offered, and 

PhD production rate p

Math Public Large Math PhD, 7.0 ≤ p

Math Public Medium Math PhD, 3.9 ≤ p < 7.0

Math Public Small Math PhD, p < 3.9

Math Private Large Math PhD, 3.9 ≤ p

Math Private Small Math PhD, p < 3.9

Applied Math Applied mathematics, PhD

Statistics Statistics, PhD
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Bachelors Math, bachelors

Doctoral Math
Math Public, Math Private, & 
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Biostatistics

 

Department Response Rates by Grouping

Group Received

Math Public Large: 26 of 26 including 0 with no degrees

Math Public Medium: 39 of 40 including 0 with no degrees

Math Public Small: 62 of 70 including 9 with no degrees

Math Private Large: 24 of 24 including 0 with no degrees

Math Private Small: 24 of 28 including 2 with no degrees
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those in temporary jobs. All but 2% of these jobs are 
full-time. When combined, the information in these two 
figures can be compared with that in Figure E.2 in the New 
Doctorates report:

Employment Sector
EENDR Overall 

% US Employed 
(n=325)

DR Overall 
% US Employed

(n=1,486)

Academia 73% 61%

Government 6% 6%

Business & Industry 21% 34%

This comparison suggests that 2017–2018 EENDR responses 
are somewhat biased toward those employed in academia, 
and thus any conclusions about the entire group of new 
PhDs based on EENDR responses alone should be made 
with this qualification. The similarities here suggest that 
estimates based on the EENDR data (e.g., median starting 
salaries) may not be wildly different from the actual values 

This report focuses on information that comes from the 
Employment Experiences of New Doctorate Recipients 
(EENDR) survey of individual PhD recipients regarding 
their experiences in finding and beginning new jobs. 
The survey was sent to the 1,487 new PhDs for whom 
departments provided contact information, and responses 
were collected during the period July 2017 to October 
2018. Three hundred ninety (26%) responded. Some of 
the demographic features of the respondents to the EENDR 
are similar to those of the overall group on which the New 
Doctorates report is based. For instance, of the 390, 28% 
were women (29% overall), 65% were US citizens (48% 
overall), 14% were employed outside the US (10% overall), 
and 4% were members of underrepresented minority 
groups (8% overall). 

Figure EE.1 shows a breakdown by sector of EENDR 
respondents working in permanent jobs in the US in the 
broad sectors of academia, business and industry, and 
government; Figure EE.2 gives the same breakdown for 

Report on the 2017–2018
Employment Experiences of 
the New Doctoral Recipients

Amanda L. Golbeck, Thomas H. Barr, and Colleen A. Rose

Figure EE.2. EENDR Respondents 
Reporting Temporary 

 US Employment by Sector
(n=163)

Academic* 153, 
94%

Government
7, 4%

Business & Industry
3, 2%

*Includes research institutes and 
other non-profits.

Academic*
43, 81%

Business & Industry
10, 19%

Figure EE.3. EENDR Respondents 
Employed Outside the US 

by Sector
(n=53)

* Includes research institutes and 
other non-profits.

Figure EE.1. EENDR Respondents 
Reporting Permanent 

US Employment by Sector
(n=162)

* Includes research institutes and 
other non-profits.

Academic*
85, 52%

Government
11, 7% Business & Industry

66, 41%
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Three hundred sixty-six doctorates provided age 
information, and Figure EE.8 provides the distribution. 
The median age was 30, the youngest PhD was 25, and the 
oldest 59. Almost 66% of these respondents were between 
the ages of 26 and 30.

Figure EE.9 gives counts by employment sector of 
EENDR respondents who identify themselves as Hispanic. 
The designation “unknown” indicates the respondent did 
not provide ethnicity data. Nineteen respondents to the 
EENDR survey were Black or African American, 2 were 
American Indian or Alaska Native, 99 were Asian, 260 were 
White, and 10 were unknown.

for all of the new PhDs, but the reader should keep these 
differences in mind.

Table EE.1 gives a longitudinal comparison of responses, 
and the 2018 percentage of 76% is the modal value. Also, 
in 2018, of those in postdocs, 72% hold that position 
because a permanent job was not available. Here are a few 
features to note:
• 50% of those employed in the US for fall 2018 were in 

permanent positions.
• The percentage of those in temporary jobs because a 

permanent one was not available has ranged between 
43% and 49% in the years 2014 to 2018, and the 2018 
value of 45% is in line with these percentages.

• The percentage of those in temporary jobs who are 
postdocs has remained consistent over this five-year 
period, and the 2018 percentage of 76% is the modal 
value. Also in 2018, of those in postdocs, 72% hold that 
position because a permanent job was not available.
Table EE.2 compares percentages of PhDs taking 

employment in various sectors, by job durability. Over the 
five years shown, the percentages in all of these categories 
have remained remarkably stable.

Figures EE.5, EE.6, and EE.7 show breakdowns of 
employment in the broad sectors of education, government, 
and business and industry. 

Year
Perm
 Total

%
Temp 
Total

%
Perm

Not Avail
% of Temp 

Total
Total

% of Temp 
Total

Perm
Not Avail

% of Temp 
Postdocs

#(%) 
Unknown

Fall 2014 363 51% 343 49% 148 43% 260 76% 88 34% 0
Fall 2015 357 51% 341 49% 160 47% 258 76% 102 40% 0
Fall 2016 323 52% 298 48% 136 46% 214 72% 82 38% 2 (<1%)
Fall 2017 268 49% 276 51% 134 49% 209 76% 147 70% 5 (1%)
Fall 2018 162 50% 163 50% 73 45% 123 75% 88 72% 5 (1%)

Temporary Temporary Postdocs

Table EE.1. Number and Percentage of EENDR Respondents Employed in the US by Job Status

Year Permanent Temporary
Acad Govn B/I Acad Govn B/I

Fall 2014 54% 6% 40% 92% 5% 3%
Fall 2015 44% 8% 48% 93% 3% 4%
Fall 2016 47% 7% 46% 93% 5% 3%
Fall 2017 51% 8% 41% 92% 5% 2%
Fall 2018 52% 7% 41% 94% 4% 2%

Table EE.2. Percentage of EENDR Respondents Employed  in 
the US by Employment Sector within Job Status

Figure EE.6. Employment by 
Type of Government (Gov)

(n=18)

Federal
10, 56%

State/Local
1, 5%

Other
7, 39%

Figure EE.7. Employment by 
Type of Business/Industry (BI)

(n=121)

Health care, 5

Aerospace/Defense, 7

Communications, 10

Self-Employed/Other*, 14

Pharmaceutical/Medical Devices, 14

Business Services, 16

Software, 21

Financial Services, 34

*Includes research institutes and other non-profits.

Figure EE.5. Employment by 
Type of Educational Institution (Educ)

(n=262)

4-Year 
College/University*

250, 95%

2-Year 
College/University

5, 2%

Elementary/
Secondary

5, 2%

Other
2, 1%
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31

59
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Figure EE.4. Temporary Positions 
by Duration, Gender, and Count

(n=208)

*Includes Biotechnology (2), Consumer Merchandising  
(3), Energy (3), Self-employed/Other (5), and Survey/
Market Research (1).
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Starting Salaries
Starting salary figures were provided by 332 of the 390 
respondents to the EENDR survey. Responses with 
insufficient data or from individuals who indicated they 
had part-time or non-US employment were excluded. 
Numbers of usable responses for each salary category are
reported in the tables on page 1210.

Readers are warned that the data in this report are 
obtained from a self-selected sample, and inferences from 
them may not be representative of the full population. 

Key to Tables and Graphs. Salaries are those reported 
for the fall immediately following the survey cycle. 
Years listed denote the survey cycle in which the 
doctorate was received—for example, survey cycle
July 1, 2017–June 30, 2018 is designated as 2018. Salaries 
reported as 9–10 months exclude stipends from summer 
grants, teaching, or the equivalent. M and W are men and 
women, respectively. Separate figures are not provided 
when the number of salaries available for analysis in a 
particular category was five or fewer. All categories of 
“Teaching/Teaching and Research” and “Research Only” 
contain those recipients employed at academic institutions 
only.

The graphs show standard box plots summarizing salary 
distribution information for the years 2011 through 2018. 
Values plotted for 2011 through 2018 are converted to 2018 
dollars using the implicit price deflator prepared annually 
by the Bureau of Economic Analysis, US Department of 
Commerce [https://www.bea.gov]. The category for each 
graph is based on a work activity reported in the EENDR. 
Salaries of postdocs are shown separately. They are also 
included in other academic categories with matching work 
activities.

For each box plot the box shows the first quartile (Q1), 
the median (M), and the third quartile (Q3). Upper whis-
kers extend from Q3 to the largest data value below Q3+1.5 
x IQR, and lower whiskers from Q1 down to the smallest 
data value above Q1–1.5 x IQR, where IQR = Q3– Q1 is 
the interquartile range. Data points falling between Q3+1.5 
x IQR and Q3+3 x IQR or Q1–1.5 x IQR and Q1–3 x IQR 
are designated as outliers and plotted as circles (º). Data 
outside the range Q1–3 x IQR to Q3+3 x IQR are designated 
as extreme outliers and plotted as stars (*).
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       Reported     
  Ph.D.      Median in
 Year Min Q1 Median Q3 Max 2018 $

 2000 25.0 38.0 41.5 45.0 65.0 58.7
 2005 28.0 43.0 46.5 50.6 100.2 58.7
 2010 29.0 45.0 51.5 58.0 101.3 59.2
 2011 28.8 45.0 50.0 57.0 103.4 53.6
 2012 21.0 47.0 51.5 58.0 105.3 56.9
 2013 20.0 48.0 53.2 60.0 107.1 57.7
 2014 25.0 48.0 54.0 60.0 108.8 57.5
 2015 24.0 50.0 55.0 62.0 110.0 58.0
 2016 30.0 50.0 55.0 62.1 99.0 57.4
 2017 25.3 51.5 59.0 67.0 110.0 60.4
 2018 20.0 54.0 60.0 68.0 110.0 60.0

Total (107 men/41 women/1 neither)
 2018 M 35.0 52.8 60.0 70.0 110.0
 2018 W 48.0 55.0 60.0 67.0 86.2
 2018 N too few to report
 One year or less experience (99 men/36 women/1 neither)
 2018 M 40.0 52.5 60.0 68.0 110.0
 2018 W 48.0 55.0 60.0 67.0 86.2
 2018 N too few to report
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9–10-Month Starting Salaries
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Academic Postdoctorates Only*
9–10-Month Starting Salaries

(in thousands of dollars)
       Reported 
 Ph.D.      Median in
 Year Min Q1 Median Q3 Max 2018 $

 2000 30.0 38.5 42.0 45.0 55.0 59.4
 2005 31.0 45.0 46.0 50.0 61.5 58.1
 2010 29.0 48.0 51.0 56.5 72.0 58.6
 2011 30.0 48.0 52.0 59.0 142.0 58.5
 2012 27.0 49.9 52.3 58.0 76.4 57.7
 2013 30.0 48.0 53.0 60.0 76.0 57.5
 2014 30.0 49.8 53.8 60.0 85.0 57.3
 2015 33.6 51.3 57.0 63.4 84.0 60.1
 2016 30.0 50.0 55.0 62.0 81.0 57.4
 2017 25.3 49.0 55.0 65.5 84.0 56.3
 2018 20.0 45.0 56.0 65.0 86.2 56.0

  Total (33 men/7 women/1 neither)
 2018 M 40.0 44.0 54.0 65.0 71.0
 2018 W 51.0 54.0 65.0 68.5 86.2
 2018 N too few to report
 One year or less experience (30 men/7 women/1 neither)
 2018 M 40.0 43.5 53.5 64.5 70.0
 2018 W 51.0 54.0 65.0 68.5 86.2
 2018 N too few to report
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* Postdoctoral salaries are included. * A postdoctoral appointment is a temporary position primarily intended to 
provide an opportunity to extend graduate training or to further research 
experience.
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       Reported 
 Ph.D.      Median in
 Year Min Q1 Median Q3 Max 2018 $

 2000 30.0 40.0 48.5 60.0 117.0 68.6
 2005 27.0 45.0 50.0 61.5 90.0 63.2
 2010 38.0 50.0 57.0 80.0 120.0 65.5
 2011 35.0 51.4 55.0 65.5 183.0 61.9
 2012 30.0 50.0 60.0 65.0 120.0 66.3
 2013 25.0 51.3 60.0 67.5 105.0 65.1
 2014 39.0 48.0 54.0 65.0 87.0 57.5
 2015 42.0 53.3 58.0 66.3 150.0 61.2
 2016 43.7 53.8 58.1 77.0 150.0 60.6
 2017 40.0 53.5 60.0 71.5 120.0 61.5
 2018 48.0 57.0 68.0 87.5 175.0 68.0

Total (18 men/5 women/0 neither)
 2018 M 48.0 56.0 64.7 89.3 175.0
 2018 W 50.0 70.7 72.0 81.0 118.0
 2018 N none to report
 One year or less experience (15 men/4 women/0 neither)
 2018 M 48.0 59.5 67.5 74.3 108.0
 2018 W 50.0 55.5 61.0 66.5 72.0
 2018 N none to report

Academic Teaching/Teaching and Research
11–12-Month Starting Salaries*

(in thousands of dollars)

       Reported 
 Ph.D.      Median in
 Year Min Q1 Median Q3 Max 2018 $

 2000 30.0 36.5 40.0 52.9 100.0 56.6
 2005 35.0 40.0 47.5 57.0 86.0 60.0
 2010 30.0 44.0 51.5 61.5 105.0 59.2
 2011 35.0 45.0 55.0 60.0 110.0 61.9
 2012 28.0 46.0 55.0 60.6 112.2 60.7
 2013 35.0 45.0 54.0 61.0 96.0 58.6
 2014 39.0 48.0 55.0 65.0 103.0 58.6
 2015 30.0 48.5 58.5 65.0 105.0 61.7
 2016 42.0 50.0 60.0 63.7 94.0 62.6
 2017 45.0 50.0 56.0 65.0 120.0 57.4
 2018 46.0 55.8 60.0 65.0 90.0 60.0

Total (18 men/14 women/0 neither)
 2018 M 46.0 55.0 60.0 63.9 78.0
 2018 W 50.0 60.0 60.6 65.0 90.0
 2018 N none to report
 One year or less experience (17 men/12 women/0 neither)
 2018 M 46.0 55.0 60.0 65.0 78.0
 2018 W 50.0 59.0 60.0 62.8 80.0
 2018 N none to report

Academic Research Only
11–12-Month Starting Salaries*

(in thousands of dollars)

* Postdoctoral salaries are included.
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ANNUAL SURVEY

Mathematical and Statistical Sciences Annual Survey

       Reported  
    Ph.D.      Median in
 Year Min Q1 Median Q3 Max 2018 $

 2000 20.0 64.0 72.0 80.0 150.0 101.08
 2005 51.0 75.5 87.0 97.8 200.0 109.9
 2010 28.0 75.0 90.0 100.0 155.0 103.4
 2011 50.0 85.0 94.3 102.3 190.0 106.1
 2012 52.5 76.5 95.0 120.0 200.0 104.9
 2013 30.0 85.0 100.0 110.0 280.0 108.5
 2014 50.0 83.0 100.0 115.0 300.0 106.5
 2015 60.0 92.5 110.0 125.0 170.0 116.0
 2016 36.0 88.3 110.0 125.0 175.0 114.8
 2017 49.5 100.5 114.0 130.0 400.0 110.6
 2018 30.0 93.5 116.0 129.6 275.0 116.0

   Total (58 men/12 women/0 neither)
  2018 M 30.0 94.0 116.0 129.3 275.0
 2018 W 80.0 94.6 117.5 131.3 146.0
 2018 N none to report
 One year or less experience (53 men/11 women/0 neither)
  2018 M 30.0 85.0 116.0 125.8 275.0
 2018 W 85.0 105.2 120.0 131.3 146.0
 2018 N none to report 

       Reported 
  Ph.D.      Median in
 Year Min Q1 Median Q3 Max 2018 $

 2000 44.0 54.0 60.0 64.0 83.0 84.9
 2005 48.0 61.0 75.2 84.8 97.2 95.0
 2010 42.0 69.0 80.0 89.5 124.5 91.9
 2011 50.0 64.0 70.0 96.9 115.7 78.8
 2012 44.0 70.1 82.0 90.0 130.0 90.5
 2013 46.0 71.5 87.0 102.5 154.0 94.4
 2014 47.0 70.0 82.5 97.5 150.0 87.9
 2015 47.0 77.5 93.5 107.5 130.0 98.6
 2016 57.0 76.0 89.0 100.7 130.0 92.9
 2017 46.3 76.7 90.0 113.0 129.0 92.2
 2018 64.0 80.0 100.0 120.0 140.0 100.0

   Total (11 men/6 women/0 neither)
  2018 M 72.0 86.8 100.0 118.5 140.0 
 2018 W 64.0 74.8 90.0 115.0 124.9
 2018 N none to report
 One year or less experience (10 men/6 women/0 neither)
  2018 M 72.0 85.9 97.2 116.5 120.0 
 2018 W 64.0 74.8 90.0 115.0 124.9
 2018 N none to report

Government
11–12-Month Starting Salaries

(in thousands of dollars)

Business and Industry
11–12-Month Starting Salaries

(in thousands of dollars)
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ANNUAL SURVEY

Mathematical and Statistical Sciences Annual Survey

New PhD Recipient Response Rates 
by Granting Department Grouping

Granting Department Group Received Percent

Math Public Large: 91 of 368 25%

Math Public Medium: 79 of 292 27%

Math Public Small: 51 of 226 23%

Math Private Large: 50 of 219 23%

Math Private Small: 19 of 47 40%

Applied Math: 42 of 83 51%

Statistics: 45 of 120 38%

Biostatistics: 13 of 132 10%

Total: 390 of 1,487 26%

Response Rates
Distribution of New PhD Recipient Responses 
by Employer Type

Employer Type Received Percent

Math Public Large: 44 11%

Math Public Medium: 19 5%

Math Public Small: 8 2%

Math Private Large: 15 4%

Math Private Small:  5 1%

Applied Math: 6 2%

Statistics: 10 3%

Biostatistics: 3 1%

Masters: 15 4%

Bachelors: 58 15%

Two-Year Institutions: 5 1%

Other Academic: 40 10%

Research Institute/Other Non-profit: 10 3%

Government: 18 5%

Business/Industry: 69 18%

Non-US Academic: 43 11%

Non-US Nonacademic: 10 3%

Not Seeking (US): 1 <1%

Still Seeking (US): 11 3%

Unknown (US): 0 0%

Non-US: Not Seeking, Still Seeking, 
                Unknown: 0 0%

Total: 390 100%

www.ams.org/authors

AMS AUTHOR 
RESOURCE CENTER
The Author Resource Center is a collection of 
information and tools available to assist you to 
successfully write, edit, illustrate, and publish 
your mathematical works.

To begin utilizing 
these important 
resources, visit:



Doctoral Degrees Conferred
2018–2019

ALABAMA
Auburn University (10)

Department of Mathematics &
Statistics

Ahsani, Sima, Geometric means in-
equalities and their extensions to
Lie groups.

Aliyer, Natig, Existence of TP (d,k,n).
Chang, Yung-Chieh, Explicit time in-
tegration methods based on simpli-
fied stochastic computational singu-
lar perturbation.

Chen, Yu, Fast and well-conditioned
boundary integral equation solvers
for the numerical simulation of
graphene plasmon.

Demur, Mustafa, Hamiliton cycles in
multipartite graphs with two asso-
ciate classes.

Holmes, Amber, The complete solu-
tion of the intersection problem
for maximum packings of 𝐾𝑛 with
triples.

Salako, Rachidi, Global classical solu-
tions, spreading speeds, and travel-
ing solutions of chemotaxis-models
on 𝑅𝑁 .

Santillan Covarrubias, Francisco Javier,
On chain and duo rings.

Son, Hyunjin, Analysis and opti-
mal control of deterministic Vector-
Borne diseases model.

Yeh, Bin, Decomposing graphs with
two associate classes into paths of

length 3 and the intersection prob-
lem of Latin rectangles.

University of Alabama (6)

Department of Mathematics

Carter, Phylisicia, Sparise pregression
for twitter analysis.

Cook, Keisha, Parallel stochastic sim-
ulation of biochemical reaction sys-
tems.

Hazra, Tania, A super-Gaussian
Poisson–Boltzmann model for elec-
trostatic solvation energy calcula-
tion: Smooth dielectric distribu-
tions for protein cavities.

Reid, Brandon, Efficent approxima-
tion of the stationary solution to the
chemical master equation.

Sun, Mingwei, Regression models
with a universal penalized function
and applications in economics and
finance.

Wei, Zhihan, Efficient algorithms for
solving three dimensional parabolic
interface problem with variable co-
efficients.

University of Alabama at
Birmingham (1)

Department of Biostatistics

Fialkowski, Allison, Simulation of
correlated variables, mixture dis-
tributions, and repeated measures
and comparison of pharmacoge-
netic prediction withmachine learn-
ing and Bayesian regression models.

University of
Alabama-Huntsville (1)
Department of Mathematical
Sciences
Wang, Cuiping, Global stability and
traveling wave solutions for a two-
competing-prey and one-predator
Lotka–Volterra model.

ALASKA
University of Alaska
Fairbanks (1)
Department of Mathematics &
Statistics
Banos Cervantes, Hector Daniel,
Species network inference under
the multispecies coalescent model.

ARIZONA
Arizona State University (2)
School of Mathematical & Statistical
Sciences
Joshua, Saurani, Conceptualizing &
coordinating frames of reference:
Three studies.

O’Bryan, Alan, Exponential growth
and online learning environments:
Designing for and studying the de-
velopment of student meanings in
online courses.

The above list contains the names and thesis titles of recipients of doctoral degrees in themathematical sciences (July 1, 2018, to June 30, 2019) reported
in the 2020 Annual Survey of the Mathematical Sciences by 197 departments in 143 universities in the United States. Each entry contains the name of
the recipient and the thesis title. The number in parentheses following the name of the university is the number of degrees listed for that university.
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Doctoral Degrees Conferred

University of Arizona (17)

Department of Mathematics

Fang, Lanbo, Eigenvalue asymptotics
of narrow domains.

Fox, Matthew, Spectrum of random
Hamiltonian matrices.

Gonzalez, Angelica, Spectral properties
of 3-regular graphs related to one-
face maps.

Liang, Jinjin, Curvature flows on poly-
gons and surface clusters.

MacLaughlin, Andrew, Using homoge-
neous structures to measure homo-
geneity of Riemannian manifolds.

Moussa, Mohamad, Beyond RAID 6—
efficient error correcting code for
dual-disk corruption.

Tao, Yuan, The potential exterior to
close-to-touching discs.

Tsinnajinnie, Belin, Indigenous and
Latinx students’ developing mathe-
matical identities.

Wang, Jun, Invariants of modular
curves and Sharifi’s conjectures.

Program in Applied Mathematics
GIDP

Adams, Jesse, Scalable block Gibbs
sampling for image deblurring in X-
ray radiography.

Clark, Colin, Computational experi-
ments quantifying the scale-up of
geometric facies structure on con-
ductivity and transport through
composite porous media.

Crandall, Robert, Nonlocal and ran-
domized methods in sparse signal
and image processing.

Greene, Patrick, A Bayesian approach
to spike sorting of neural data via
source localization.

Hong, Brian, Development and appli-
cations of low-order computational
models of left ventricle.

Washburn, Ammon, High-confidence
learning from uncertain data with
high dimensionality.

Statistics GIDP

Hallmark, Brian, Evidence of adapta-
tion to climate and diet in Siberians.

Zhang, Miao, Statistical methods for
next generation sequencing data.

University of Arizona, Mel &
Enid Zuckerman College of
Public Health (2)

Department of Epidemiology &
Biostatistics

Floden, Lysbeth, Statistical approaches
for handling missing data and defin-
ing estimands using responder anal-
ysis in clinical trials.

Ran, Di, Statistical methods for the
analysis of large-scale and single-
cell RNA-sequencing data.

ARKANSAS
University of Arkansas at
Fayetteville (6)

Department of Mathematical
Sciences

Abdulsahib, Muhenned, Hartogs do-
mains and the Diederich Fornaess
index.

Deville, David, Identifying opportuni-
ties that promote a habit of mind
in the quantitative reasoning class-
room.

Erdem, Kevser, Closed range composi-
tion operators on BMOA.

Jabbar Nezhad, Babak, Equations of
multi-Rees algebras.

Shahriari, Razieh, The effect of us-
ing technology on students’ under-
standing in calculus and college al-
gebra.

Taylor, William, Interpolating
between multiplicities and F-
thresholds.

CALIFORNIA
California Institute of
Technology (2)

Department of Computing &
Mathematical Sciences

Budninskiy, Maxim, Geometry-driven
model reduction.

Soh, Yong Sheng, Fitting convex sets to
data: algorithms and applications.

Claremont Graduate
University (13)

Institute of Mathematical Sciences

Alansari, Abdulrahman, Risk assess-
ment for marine construction
projects.

Alhejaili, Weaam, A numerical study
of Steklov Eigenvalue problems.

Bhuiyan, Nasima, Towards perfor-
mance measure analysis: Develop-
ment of a left turn saturation flow
rate model at signalized intersec-
tions.

David, Paul, A Riemannian quotient
structure for correlation matrices
with applications to data science.

Delengov, Vladimir, Computing eigen-
modes of ellipitic operators onman-
ifolds using radial basis functions.

Delgado, Johhny Corbino, Subflow:
simulating geological storage of
CO2 using mimetic operators.

Duron, Christina, The distriution of
betweeness centrality in exponen-
tial random graph models.

Holland, Alexander, Modeling and
analysis of quasi-periodic signals
with application to hemodynamics.

Joiner, Kevin, Modeling phage-
bacertia dynamics in mucus: An
agent based approach to phage ther-
apy.

Nguyen, Huu, Digital image recon-
struction/restoration byMarkov ran-
dom field maximize a posterior
with random walk priori.

Pan, Wen, Data management on non-
volatile memory: from mobile ap-
plications to large-scale databases.

Rao, Nan, Cluster analysis on stochas-
tic processes.

Smirniotis, Colette, Transformation
and parameterization in lattice krig.

Zhu, Lixia, The efficiency, robustness
and carry-over under the crossover
designs with binary outcomes.

Stanford University (8)

Department of Mathematics

Bates, Erik, Localization and free en-
ergy asymptotics in disorder statisti-
cal mechanics and random growth
models.
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Doctoral Degrees Conferred

Fayyazuddin Ljungberg, Benjamin,
Moduli spaces of bundles via mo-
tivic probabilities.

Feng, Tony, Etale Steenrod operations
and the Artin-Tate pairing.

Raju, Chandra Sekhar, Circle method
and the subconvexity problem.

Reinhold, Jens, On manifolds bundles
over classifying spaces.

Sauermann, Lisa, Modern methods in
extremal combinatorics.

Sherman, David, Schur indices and
the p-adic Langlands program.

Silliman, Jesse, On the arithmetic of
weight two Eisenstein series.

University of California,
Berkeley (38)
Department of Mathematics
Ai, Albert, Low regularity solutions for
gravity water waves.

Cannizzo, Catherine, Homological
mirror symmetry for the genus 2
curve in an abelian variety and its
generalized Strominger-Yau-Zaslow
mirror.

Carney, Alexander, The arithmetic
Hodge-index theorem and rigidity
of algebraic dynamical systems over
function fields.

Chen, Harrison, A localization theo-
rem for derived loop spaces and pe-
riodic cyclic homology.

Chen, Kai-Chieh, Kashev-Reshetikhin
invariants for SL2(C) at roots of
unity.

Chen, Kun, On stability and doctor-
optimality of cumulative offer pro-
cess.

Farahmand, Maryam, The arithmetic
of graph polynomials.

Gammage, Benjamin, Microlocal
sheaves and mirror symmetry.

Gillespie, Bryan, The generalized exter-
nal order, and applications to zono-
topal algebra.

Gotti, Felix, Matroids and convex ge-
ometry in combinatorics and alge-
bra.

Hallman, Eric, Error estimates for
least-squares problems.

Hanlon, Andrew, Monodromy of
Fukaya-Seidel categories mirror to
toric varieties.

Hermes, Daniel, High-order solution
transfer between curved meshes and
ill-conditioned Bezier curve inter-
section.

Hicks, Jeffrey, Tropical Lagrangians
and homological mirror symmetry.

Hung, Kenneth, Topics in conditional
inference.

Kocurek, Alexander, What can you say?
Measuring the expressive power of
languages.

Leake, Jonathan, Analytic and combi-
natorial features of stable polynomi-
als.

Liang, Ruochen, Fast and stable low-
rank symmetric eigen-update.

Liu, Grace, Modified scattering for
small data solutions to the cubic
Schrodinger equation on product
space.

Maldague, Dominique, A constrained
optimization problem for the
Fourier transform.

Moody, James, Computable continu-
ous structure theory.

Munteanu, Cristian Mihai, Nontrivial
tori in spaces of symplectic embed-
dings.

O’Neill, Kevin, Multilinear and sharp-
ened inequalities.

Oh, Chanwoo, Metastability of zero
range processes.

Ryder, Nicholas, Combinatorial and
algorithmic aspects of hyperbolic
polynomials.

Seigal, Anna, Structured tensors and
the geometry of data.

Shen, Chen, Fluctuation analysis of or-
der positions under general cancel-
lations.

Shin, Minseon, Computations of the
cohomological Brauer group of
some algebraic stacks.

Su, Tao, A Hodge-theoretic study of
augmentation varieties associated
to Legendrian knots/tangles.

Theerakarn, Thunwa, Locally vol-
ume collapsed 4-manifolds with
respect to a lower sectional curva-
ture bound.

Thorngren, Ryan, Combinatorial
topology and applications to quan-
tum field theory.

Weiler, Morgan, Mean action of peri-
odic orbits of area-preserving annu-
lus dieomorphisms.

Xiao, Jianwei, Spectrum-revealing ran-
domized matrix factorization: The-
ory and algorithms.

Yott, Dylan, Special cycles on g-spin
Shimura varieties.

Youcis, Alexander, The Langlands-
Kottwitz method and deforma-
tion spaces of 𝑝-divisible groups
of abelian type.

Yuan, Qiaochu, Convergence analysis
of randomized block Lanczos algo-
rithms for low-rank matrix approxi-
mations.

Zhang, Qiuyi, Fast algorithms for inte-
rior point methods.

Zhou, Zhengyi, Morse-Bott and equi-
variant theories using polyfolds.

University of California,
Davis (23)
Department of Mathematics
Challenor, John, Positive characteristic
phenomena in linear series.

Chartrand, Thomas, The role of sub-
threshold phenomena in synchro-
nization by electrical synapses.

Docken, Steffen, Mechanisms under-
lying functional effects of drugs on
cardiac dynamics (insights from ide-
alized models).

Hagemeyer, Colin, Spiders and gener-
alized confluence.

Hawkes, Graham, Marked tableaux.
He, Xiang, Lifting properties of trop-
icalization and their connection to
Brill-Noether theory.

Hogan, Thomas, Patterns in classified
data: Tverberg-type theorems for
data science.

Kivinen, Oscar, Affine Springer fibers,
Hilbert schemes and knots.

Lamb, Kevin, A distance for circular
Heegaard splittings.

Li, Yang, Sorting data into categories:
Applying convex optimization to
classification and clustering.

Liu, Beibei, Discrete isometry sub-
groups of negatively pinched
Hadamard manifolds.

Liu, Wen, Limit linear series on cycle
curves.
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Doctoral Degrees Conferred

Ming, Shuang, On image of TQFT
representations of mapping class
groups.

Silverstein, Lily, Probability and ma-
chine learning in combinatorial
commutative algebra.

Snyder, Jordan, Collective behavior in
dynamics on networks.

Weed, Patrick, Circular Heegaard split-
tings of knot exteriors.

Department of Statistics

Dubey, Paromita, Frechet analysis of
variance and change point detection
for random object.

Jiao, Shuhao, Prediction methodolo-
gies for stationary functional time
series.

Li, Haoran, High dimensional hy-
pothesis testing via spectral shrink-
age.

Wang, Justin, Statistical machine
learning approaches in photo-
graphic and social sciences.

Wu, Suofei, Some contributions
to random forests and high-
dimensional principal component
regression.

Yang, Jilei, Structural learning with
smoothing.

Zheng, Jingyi, Data driven algorithms
for analyzing imaging and elec-
troencephalography (EEG) data in
neuroscience.

University of California,
Irvine (9)

Department of Mathematics

Chiu, Ching-Heng, Strong Selmer
companion elliptic curves.

Lyu, Jiancheng, Studies of residual dif-
fusivity and curvature dependent ef-
fective velocity in fluid flows by an-
alytical and machine learning meth-
ods.

Mramor, Alexander, Singularities and
weak solutions to mean curvature
flow.

Nam, Hayan, Counting core parti-
tions and numerical semigroups us-
ing polytope.

Nguyen, Jennifer, Higher moments
subset sum problem over finite
fields.

Wang, Dongwu, Preconditioning sto-
chastic Galerkin methods.

Wen, Min, An interface-fitted mesh
generator and numerical methods
for elliptic interface problems.

Yu, Fei, Higher order accurate diffuse
domainmethod for solving PDEs in
complex, envolving geometries.

Zhou, Jiawei, On the construction of
minimal model for some A-infinity
algebras.

University of California, Los
Angeles (28)

Department of Biostatistics, Fielding
Sch of Publ Hlth

Abdalla, Nada, Parametric and non-
parametric Bayesian modeling of
spatio-temporal exposure data in in-
dustrial hygiene.

Clague, Jason, Addressing spatial de-
pendence and missing data in den-
tal research.

Flores, Martiniano, Multivariate spa-
tial modeling of HIV risk.

Kawaguchi, Eric, Scalable methods for
big time-to-event data.

Scheffler, Aaron, Modeling region-
referenced longitudinal functional
electrocephalography data.

Shi, Yu, Using particle swarm opti-
mization to find efficient designs
formixed effects models with sparse
grid and predict progression of id-
iopathic pulmonary fibrosis using
baseline high resolution computed
tomography scans with random for-
est.

Yen, Priscilla, Evaluation of clinical
trial design quality using desirabil-
ity functions.

Department of Mathematics

Arant, Tyler, The effective theory of
graphs, equivalence relations, and
Polish spaces.

Barnicle, Madeline, Uniform proper-
ties of ideals in rings of restricted
power series.

Boyd, Zachary, Community detection
using total variation and surface ten-
sion.

Chou, Hung, Application of harmonic
analysis in signal fragmentation and

image recovery.
Coley, Ian, The stabalization and K-
theory of pointed derivators.

Fan, Haofei, Unoriented cobordism
maps on link Floer homology.

Iyer, Geoffrey, Graph based data fu-
sion methods.

Lee, Jaehoon, Structure of various
Lambda-adic arithmetic cohomol-
ogy groups.

Lee, Sangjin, Towards a higher di-
mensional construction of sta-
ble/unstable Lagrangian lamina-
tions.

Lewkiewicz, Stephanie, Mathematical
models of T-cell population dynam-
ics in aging and immune disease.

Li, Zane, Decoupling for the parabola
and connections to efficient congru-
encing.

Miller, Stephen, Manifolds and cell
complexes.

Primozic, Eric, Motivic Steenrod oper-
ations in characteristic p.

Prywes, Eden, Quasiregularly elliptic
manifolds.

Puthawala, Michael, The structure of
inverse problems and unnormal-
ized optimal transport.

Shani, Assaf, Borel equivalence rela-
tions and symmetric models.

Susice, John, The interaction between
weak variants of square and other
combinatorial principles in set the-
ory.

Woodhouse, Brent, Motion due to dy-
namic density constraints.

Wu, Angela, Visual spheres of expand-
ing Thurston maps: Their weak tan-
gents and porous subsets.

Yang, Fan, Local laws of random ma-
trices and their applications.

Zhang, Yuming, Degenerate diffusions
with advection.

University of California,
Merced (2)
Department of Applied Mathematics
Stobb, Michael, Applications of uncer-
tainty quantification to coagulation
biology.

Taylor, Jessica, On nonliniear and lin-
ear Schrodinger equations: compu-
tations and theory.
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Doctoral Degrees Conferred

University of California, San
Diego (17)

Department of Mathematics

Chen, Shiyun, Multiple testing and
false discovery rate control: theory,
methods and algorithms.

Conder, Jonathan, Geometric links be-
tween exceptional root lattices and
the cohomology of theta divisors.

Hou, Jue, Modern statistical methods
for complex survival data.

Jiang, Zonglin, Non-Archimedean
analysis and GAGA.

Kitsela, Roman, A Tannakian result for
profinite groups.

Li, Yuwen, Some superconvergence es-
timates of mixed and nonconform-
ing methods.

McAdam, Taylor, Effective equidistri-
bution in homogeneous dynamics
with applications in number theory.

Pikula, Nina, Global existence for so-
lutions to semilinear Klein-Gordon
equations.

Qiu, Dun, Combinatorics in the ratio-
nal shuffle theorem and the Delta
conjecture.

Romero, Marino, Delta eigenoperators
and e-positivities in the theory of
Macdonald polynomials.

Shen, Xuefeng, Geometric integrators
for stiff systems, lie groups and con-
trol systems.

Spaas, Pieter, Deformation and rigid-
ity in von Neumann algebras: Car-
tan subalgebras and tensor product
decompositions.

Su, Fangyao, Primal-dual path-
following methods for nonlinear
programming.

Thilmany, François, Lattices of mini-
mal covolume in real special linear
groups.

Udomchatpitak, Nantawat, The effect
of recombination on the speed of
evolution.

Weispfenning, Stephan, Invariant the-
ory of preprojective algebras.

Zhang, Yongjia, Perelmans entropy on
ancient solutions to the Ricci flow.

University of California,
Santa Barbara (20)

Department of Mathematics

Bloomquist, Wade, Quantum represen-
tations of MCGs and their applica-
tions to quantum computing.

Delaney, Colleen, A categorical per-
spective on symmetry, topological
order, and quantum information.

Ebrahim, Ebrahim, The prime spec-
trum and representation theory of
generalized Weyl algebras, with ap-
plications to quantized algebras.

Gorman, Christopher, Applications of
theminimum Sobolev norm and as-
sociated fast algorithms.

Gross, Ben, Hydrodynamics on
smooth Z-manifolds with spheri-
cal topology.

Hateley, James, Frozen Gaussian ap-
proximation for elastic waves, seis-
mic inversion and deep learning.

Li, Yihan, Asymptotic spectral flow.
Liu, Lan, Nucleation and order of a
polymer in a confined liquid crystal
matrix.

Mylonakis, Kyle, Exact thermal bound-
ary conditions in 1d heat transport.

Roberts, Jay, Affine solutions of two di-
mensional magnetohydrodynamics
and related quadratically coupled
transport equations.

Scherich, Nancy, Discrete representa-
tions of the Braid groups.

Trettel, Stephen, Families of geome-
tries, real algebras, and transitions.

Department of Statistics & Applied
Probability

Andrei, Mihnea (Mike), Bayesian anal-
ysis for asset allocation with in-
vestor’s views considered.

Dela, Mark, An investigation of
forward-backward stochastic differ-
ential equations and ranked-based
diffusions.

Li, Liangchen, Stochastic nonzero-
sum duopoly games with economic
applications.

Luo, Runfei, Multivariate density esti-
mation and graphic models.

Luo, Wenlong, Nonparametric Bayes
methods in image segmentation.

Luo, Ya, Joint modeling of longitudi-
nal and survival data via multivari-
ate mixed effects state space model.

Qiu, Jinwen, Prediction using multi-
variate Bayesian structural time se-
ries model and sentiment analysis,
with applications to finance.

Xu, Changwei, Some contributions to
semiparametric conditional density
estimation.

University of Southern
California (12)
Department of Mathematics
Donner, Matthew, Regular unipotent
elements of maximal subgroups of
classical groups.

Egilmez, Ilknur, DG structures on cate-
gorified quantum groups.

Kantarci, Ezgi, Advances in the combi-
natorics of shifted tableaux.

Kim, Hyun-Jung, Time-homogeneous
parabolic Anderson model.

Martone, Giuseppe, Positivity and gen-
eralized Teichmüller theory: dy-
namical and algebraic aspects.

Noh, Eunjung, Equilibrium model of
limit order book and optimal execu-
tion problem.

Oguz, Can Ozan, Center and trace of
the twisted Heisenberg category.

Sandoval Gonzalez, Nicolle, Categori-
cal operators and crystal structures
on the ring of symmetric functions.

Sirlanci, Melike, Finite dimensional
approximation and convergence in
the estimation of the distribution of,
and input to, random abstract par-
abolic systems with applications to
the deconvolution of blood/breath
alcohol concentration from biosen-
sor measured transdermal alcohol
level.

Wang, Jian, Statistical inference for
second-order ordinary differential
equation driven by additive Gauss-
ian white noise.

Wintner, Moses, Simultaneous pa-
rameter estimation and semi-
blind deconvolution in infinite-
dimensional linear systems with
unbounded input and output.

Wiroonsri, Nathakhun, Stein’s method
via approximate zero biasing and
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positive association with applica-
tions to the combinatorial cen-
tral limit theorem and statistical
physics.

COLORADO
Colorado School of Mines (5)

Department of Mathematical and
Computer Sciences

Bridgman, Terry, Symbolic computa-
tion of lax pairs of nonlinear partial
difference equations.

Fisher, Nicholas, Orthogonal spline
collocation methods for fluid flow
problems.

Hannum, Caitlyn, Statistical ap-
proaches for spatial prediction and
anomaly detection.

Schmidt, Michael, Lagrangian meth-
ods for modeling transport, mixing,
and geochemical reactions.

Stack, Nora, Applying mathemati-
cal models of human circadian
rhthyms for experimental design
and data analysis.

Colorado State
University (16)

Department of Mathematics

Alvarez Vizoso, Javier, Covariance in-
tegral invariants of embedded Rie-
mannian manifolds for manifold
learning.

Blankers, Vance, Properties of tauto-
logical sections and their intersec-
tions.

Cameron, Karleigh, FDOA-based pas-
sive source localization: A geomet-
ric perspective.

Capps, Michael, Recovery of organ
boundaries in electrical imedance
tomography images using a priori
data, optimization, and deep learn-
ing.

Murthy, Rashmi, Bayesian approach to
anisotropic EIT problem and effect
of structural changes on reconstruc-
tions using a 2-D D-bar algorithm.

Pine, Samuel, Joint shape and motion
estimation from echo-based sensor
data.

Sharma, Nand, Intersections of psi
classes on Hasseh Spaces for genos
0.

Waddington, Chad, Synthetic aperture
source localization.

Department of Statistics

Fix, Miranda, Advances in statistical
analysis and modeling of extreme
values motivated by atmospheric
models and data products.

Hewitt, Joshua, Statistical modeling
and computing for climate data.

Kim, Soo Young, Improved inference
in heteroskedastic regression mod-
els with monotone variance func-
tion estimation.

Oliva, Cristian, Survey estimators of
domain means under shape restric-
tions.

Vollmer, Charles, Statistical upscaling
of stochastic forcing in multiscale,
multiphysics modeling.

Xiong, Qian, Methods for extremes of
functional data.

Yang, Lei, Infinite dimensional sto-
chastic inverse problems.

Zheng, Ben, Inference for cumulative
intraday return curves and a large-
scale dynamic cross-correlation test-
ing problem.

University of Colorado,
Boulder (10)

Department of Mathematics

Belcher, Jonathan, Bridge cohomology:
a generalization of Hochschild and
cyclic cohomologies.

Berg, Kevin, The complexity of homo-
morphism factorization.

Davidoff, Nathan, On the K-theory
of generalized Bunce-Deddens alge-
bras.

Herr, Leo, The log product formula &
deformations of modules.

Hines, Robert, Applications of hyper-
bolic geometry to continued frac-
tions and Diophantine approxima-
tion.

Lessard, Paul, Spectra as locally finite
Z-groupoids.

Sanderson, Nicole, Topological data
analyses of time series using witness
complexes.

Weinell, Steven, On the descending
central series of higher commuta-
tors.

Williams, Noah, On the pairing be-
tween zeros and critical points of
random polynomials with indepen-
dent roots.

Willis, John, Topological foundations
of tropical geometry.

University of Colorado,
Colorado Springs (1)

Department of Mathematics

Ortiz, Alyssa, Inverse scattering trans-
form and solitons for matrix nonlin-
ear Schrödinger systems and for the
defocusing Ablowitz–Ladik equa-
tion.

University of Denver (4)

Department of Mathematics

Boyer, Kirk, Barrier graphs and ex-
tremal questions on line, ray, seg-
ment, and hyperplane sensor net-
works.

Fussner, Wesley, Categories of residu-
ated lattices.

Nelsen, Lauren, Applications of geo-
metric and spectral methods in
graph theory.

St. John, Gavin, Decidability for resid-
uated lattices and substructural log-
ics.

University of Northern
Colorado (1)

School of Mathematical Sciences

Christopher, Brian, The relationship
between calibration, mindset, math-
ematics anxiety and achievement in
pre-service elementary teachers.

CONNECTICUT
University of Connecticut,
Storrs (17)

Department of Mathematics

Alzubaidi, Abdou, Numerical compu-
tation of traveling wave and stand-
ing pulse solutions to FitzHugh–
Nagumo equations in 2D.

Duraihem, Faisal, A numerical inves-
tigation of multiple traveling pulse
and front solutions.
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Li, Jungang, Sharp Trudinger–Moser
inequalities on Riemannian mani-
folds and Heisenberg groups.

Mariano, Phanuel, Functional inequal-
ities for hypoelliptic diffusions us-
ing probabilistic and geometric
methods.

McDonald, Robert, Torsion subgroups
of elliptic curves over function
fields.

Newell, Melissa, Investigating stu-
dents’ mathematical needs and suc-
cessful tutoring strategies.

Nichols, David, Effective techniques in
reverse mathematics.

Panzo, Hugo, Scaled penalization of
Brownian motion with drift and the
Brownian ascent.

Peterson, Amy, Gaussian limits and
polynomials on high dimensional
spheres.

Xu, Jiatian, Quantile optimization
in stochastic financial planning
model.

Department of Statistics

Gwon, Yeongjin, New methods and in-
novations in network meta regres-
sion for ordinal response outcomes
with applications.

Hu, Jun, Multi stage estimation meth-
ods with termination defined via
Gini’s mean difference or mean ab-
solute deviation.

Liu, Kangyan, Segmentation, feature
extraction and selection in sequen-
tial data with missing-data imputa-
tion.

Mohammed, Shariq, Bayesian variable
selection with applications to neu-
roimaging data.

Xue, Yishu, Diagnostic methods for
big survival data.

Zha, Ruochen, Advances in the analy-
sis of incomplete data using multi-
ple imputations.

Zhang, Chen, Defining new exposure
measures for crash prediction mod-
els by type of collision.

Wesleyan University (2)

Department of Mathematics &
Computer Science

Kaylor, Lisa, Quaternary quadratic
forms of discriminant 4p.

Parnes, Miriam, A generalization of
tree decompositions to amalgama-
tion classes of finite structures.

Yale University (8)

Biostatistics Department

Li, Xinyue, Statistical methods for
wearable device data: Applications
in clinical studies.

Nautiyal, Nisheet, Spatio-temporal
methods for reconstructing cancer
incidence trends.

Sint, Kyaw, A latent class mediation
model and its application to a first
episode-schizophrenia trial.

Zeng, Li, Statistical and machine
learning methods in cancer ge-
nomic data analysis.

Department of Mathematics

Landry, Michael, Frontiers of fibered
faces.

Orosz, Florencia, Feigin Fuchs duality
and Virasoro vertex algebras.

Usatine, Jeremy, Motivic integration,
tropicalization, and hyperplane ar-
rangements.

Department of Statistics and Data
Science

Feng, Derek, The unreasonable effec-
tiveness of conditioning in statisti-
cal network analysis.

DELAWARE
Delaware State University (4)

Department of Mathematical
Sciences

Cornelius, Jason, Dual grid FDTD
method for solving Maxwell equa-
tions.

Johnson, Stephen, Topologial soliton
solutions of the strongly perturbed
sine-Gordon type equations.

Strong, Andre, Transformation optics
based finite-difference time-domain
simulation of superscattering.

Zheng, Keni, Integrative sparse model-
ing and classification of biomedical
imaging patterns.

University of Delaware (3)
Department of Mathematical
Sciences
Brown, Thomas, Transient elastic
waves in piezoelectric materials and
their numerical discretization.

Cogar, Samuel, New eigenvalue prob-
lems in inverse scattering.

Zhong, Lan, Dynamics and imag-
ing for lipid-layer-driven tear film
breakup (TBU).

DISTRICTOFCOLUMBIA
George Washington
University (1)
Department of Statistics
Li, Xin, Interim analysis in adaptive
randomized clinical trials.

FLORIDA
Florida Atlantic University (5)
Department of Mathematical
Sciences
Boryshchak, Yarema, Norm inequali-
ties for some almost periodic func-
tions.

Epstein, Michael, The covering num-
bers of some finite simple groups.

Kutal, Durga, Various approaches on
parameter estimation in mixture
and non-mixture cure models.

Lopez, Oscar, An algorithmic ap-
proach to Tran Van Trung’s basic re-
cursive construction of t-designs.

Tyree, Zachariah, Characterizing the
geometry of a random point cloud.

Florida State University (12)
Department of Mathematics
Acar, Nihan, Exploration of the role of
disinfection timing, duration, and
other control parameters on bacte-
rial populations using a mathemat-
ical model.

Aggarwall, Manu, Mathematical mod-
eling and sensitivity analysis for bi-
ological systems.

Cheng, Zailei, Diffusion approxima-
tion of a risk model.
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Dawer, Gitesh, Neural rule ensembles:
encoding feature interactions into
neural networks.

Leach, Jay, Symmetric surfaces and
the character variety.

Manakov, Andrey, Construction of a
general trading approach for finan-
cial markets with artificial neural
networks.

Rasheed, Mohammad Aamir, Surface
subgroups of 3-manifold groups.

Salehy, Seyyed Navid, Random walks
over point processes and their appli-
cation in finance.

Salehy, Seyyed Nima, Belief function
theory: Monte Carlo methods and
application to stock markets

Vinson, Ryan, Modelling the synchro-
nous behavior of pancreatic islets.

You, Yaqing, A Riemannian approach
for computing geodesics in elastic
shape space and its applications.

Yuan, Xinru, Riemannian optimiza-
tion methods for averaging symmet-
ric positive definite matrices.

University of Central
Florida (4)

Department of Mathematics

Puwakgolle Gedara, Rajitha, In quest
of Bernstein inqualities: Rational
functions, Askey–Wilson operator,
and summation identities for entire
functions.

Reid, Frederick, Lattice-valued T-filters
and induced structures.

Trainor, Kyle, Hilbert series for graphs,
hypergraphs, and monomial ideals.

York, Alexander, Quasi-Gorenstein
modules.

University of Florida (23)

Department of Mathematics

Augat, Meric, The free Grothendieck
theorem.

Betthauser, Leo, Topological data anal-
ysis of digital images.

Chen, Chenxi, Stochastic alternanting
directionmethod ofmultipliers and
primal dual method for convex op-
timization.

Copenhaver, Keith, Distance statistics
in rooted trees.

Goswami, Ankush, Some problems in
analytic number theory.

Gruber, Alexander, Inference and clas-
sification of symmetry in point
clouds.

Johnson, Lacey, Discrete Morse theory
on the loop space of 𝑆2.

Khonthapagdee, Subhorn, Models of
crowding effect on phytoplankton
competition for nitrogen.

Kim, Yena, On the principle
of host evolution in immuno-
epidemiological models.

Pantangi, Venkata Raghu Tej, Smith
and critical groups of graphs.

Pfeffer, Douglas, Szegö and Widom
theorems for finite-codimensional
subalegebras of a class of uniform al-
gebras.

Smith, John Darby, An exploration
and analysis of molecular motor
protein models.

Van Duzer, Anthony, Vertices of rooted
trees and their distance from the
closest leaf.

Department of Statistics

Akhavan Niaki, Sahba, Personaliza-
tion in education and text data.

Bai, Ray, Bayesian high-dimensional
models with scale-mixture shrink-
age priors.

Cao, Xuan, Graphical models, non-
local priors in high-dimensional
Bayesian analysis.

Chakraborty, Saptarshi, Theory and ap-
plications of Markov chain Monte
Carlo techniques.

Chen, Tuo, Efficient estimation and
variable selection in expectile regres-
sion using envelope models.

Ghosh, Satyajit, Bayesian estimation
and model selection consistency of
high dimensional time series.

Jalali, Peyman, Bayesian estimation
and model selection for single and
multiple graphical models.

Tao, Jin, Statistical framework for
power theft activities detection and
power demand forecasting in the
smart grid network.

Xia, Wei, Scalable hyperparameter se-
lection for latent Dirichlet alloca-
tion.

Zhang, Shaojun, Structural discovery
in temporal networks and simulta-
neous dimension reduction formul-
tiple data sets.

University of Florida College
of Public Health (3)

Department of Biostatistics

Jia, Bochao, Learning graphical mod-
els for multiple types of biomedical
data.

Li, Qianyun, Pathological imaging
analysis and drug sensitivity predic-
tion.

Mi, Xinlei, Deep learning-based ap-
proaches for high-dimensional clin-
ical and genetic data.

University of Miami (4)

Department of Mathematics

Huang, Qimin, Modeling the trans-
mission dynamics of antibiotic-
resistant bacteria in hospitals with
enviornmental contaimination.

Lin, Xi, Non-equilibrium fluctuation
limits of a mean field AIMD model.

Qiuyi, Su, Periodic solutions of semi-
linear equations with applications
to biological models.

Udumyan, David, Extension problem
for flexible varieties.

GEORGIA
Emory University (10)

Department of Biostatistics and
Bioinformatics

Cai, Qingpo, Statistical methods for
biomedical network data.

Higgins, Ixavier, Statistical methods
for estimating and analyzing brain
functional connectivity.

Van Domelen, Dane, Measurement er-
ror methods for unmeasured con-
founding and pooling.

Department of Mathematics

Beckwith, Olivia, Harmonic Maass
forms and modular forms: appli-
cations to class numbers and parti-
tions.

Dawsey, Madeline, New results on par-
titions, prime numbers, and moon-
shine.
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Guzzetti, Sofia, Reduced models and
parallel computing for uncertainty
quantification in cardiovascular
mathematics.

Herring, James, Efficient solvers for
nonlinear problems in imaging.

Hu, Yunyi, Matrix computations and
optimization for spectral computed
tomography.

Wagner, Ian, Topics in the analytic
theory of L-functions and harmonic
Maass forms.

Wu Fung, Samy, Large scale parame-
ter estimation in geophysics andma-
chine learning.

Georgia Institute of
Technology (11)

School of Mathematics

Chen, Tongzhou, Dynamics of reli-
gious group growth and survival.

Dever, John, Local space and time scal-
ing exponents for diffusion on com-
pact metric spaces.

Kerchev, George, Comparison of se-
quences generated by a hidden
Markov model.

Liu, Qingqing, Topics on the longest
common subsequences: simula-
tions, computations, and variance.

Scott, Shane, Combinatorial models
for surface and free group symme-
tries.

Wang, Xin, The back and forth er-
ror compensation and correction
method for linear hyperbolic sys-
tems and a conservative BFECC lim-
iter.

Wang, Yichen, Modeling, predicting,
and guiding users’ temporal behav-
iors.

Xie, Qiqin, Coloring graphs with no
K5-subdivision: Disjoint paths in
graphs.

Xu, Chen, Topics in percolation and
sequence analysis.

Yuen, Chi Ho, Geometric bijections of
graphs and regular matroids.

Zhou, Fan, Statistical inference for
high dimensional data with low
rank structure.

Georgia State University (3)

Department of Mathematics &
Statistics

Jing, Guangming, Density and chro-
matic index, andminimum ranks of
sign pattern matrices.

Kemp, Aubrey, Generalizing and trans-
ferring mathematical definitions
from Euclidean to taxicab geome-
try.

Zagrodny, Christopher, Sign patterns
that allow diagonalizability.

University of Georgia (12)

Department of Mathematics

Lebowitz-Lockhard, Noah, Distribu-
tions of some simple arithmetic
functions.

Maurer, Andrew, Cohomology and
support varieties for classical lie su-
peralgebras.

McKenzie, Daniel, Efficent algorithms
for cluster extraction in graphs, us-
ing compressive sensing.

Milosevic, Marko, Torsion of elliptic
curves.

Watson, Lori, Hasse principle viola-
tions in twist families of hyperellip-
tic and superelliptic curves.

Woods, Zerotti, A new regularization
term for deep neural networks with
applications to biological data.

Xiang, Ziqing, Representaion theory
for Inahori–Hedee algebras and
Schur algebras of classical type.

Department of Statistics

Jiang, Xiaodong, Selected topics in net-
work data analysis and phylogenet-
ics.

Samaddar, Arunava, Statistical learn-
ing methods for group analysis in
fMRI data.

Xie, Rui, Sampling for streaming data.
Zhang, Xinlian, Subsampling and in-
tegrating model uncertainty in sta-
tistical analysis.

Zhu, Jiankun, Divisive hierarchical
clustering for interval-valued data.

HAWAII
University of Hawaii at
Manoa (2)

Department of Mathematics

Combs, TJ, Arboreal Galois representa-
tions.

Robertson, John Clark, Groupoid C*-
algebras and rapid decay.

ILLINOIS
Illinois Institute of
Technology (3)

Applied Mathematics Department

Feng, Shibi, A dynamic model of cen-
tral counterparty risk and liquidity
risk measures.

Huang, Xiao, Statistical experimental
design and modeling for complex
data.

Zhang, Yizhi, Guaranteed, adaptive,
automatic algorithms for univariate
integrations: methods, costs and
implementations.

Illinois State University (1)

Department of Mathematics /
Mathematics Education

Duni, Dhimitraq, The look of peda-
gogical content knowledge in mid-
dle school statistics.

Northern Illinois
University (3)

Department of Mathematical
Sciences

Al-jilawi, Ahmed, Solving the semi-
definite programming relaxation of
max-cut using an augmented La-
grangian method.

Chatterjee, Suvo, Bayesian functional
data analysis over dependent re-
gions and applications for identifi-
cation of differentially methylated
regions.

Huang, Jie, Bivariate cure rate model
using Copula function in presence
of censored data and covariates.

Northwestern University (11)

Department of Mathematics

Chang, Hsiang, Random and small-
scale quantum ergodicity.
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Cho, Sung Yoon, The basic locus of the
unitary Shimura variety with para-
horic level structure, and special cy-
cles.

Chornyi, Maksym, Non-elementary
amenable groups. Kaplansky’s con-
jecture.

Dutta, Yajnaseni, Some effective prob-
lems in algebraic geometry and their
applications.

Guo, Heng, A strong interpolation be-
tween Brownian motion and the ge-
odesic flow.

Li, Guchuan, Picard groups of 𝐾(𝑛)-
local categories.

Pstragowski, Piotr Tadeusz, Algebraicity
in chromatic homotopy theory.

Engineering Sciences & Applied
Mathematics Dept

Berahas, Albert Solomon, Methods for
large scale nonlinear and stochastic
optimization.

Harmon, Mark, Methods for images,
time series, and activation functions
with deep neural networks.

Sprinkle, Brennan, Development and
use of high performance numerical
methods to study fluid structure in-
teractions phenomena at two differ-
ent scales.

Yang, Chuqiao, Mathematical models
for social systems.

Southern Illinois University
Carbondale (2)

Department of Mathematics

Pathiravasan, Chathurangi, General-
ized semiparametric approach to
the analysis of variance.

Rupassara, Upul, Joint exit time and
place distribution for Brownian mo-
tion on Riemannian manifolds.

University of Chicago (22)

Department of Mathematics

Banerjee, Oishee, Cohomology of alge-
braic varieties via suitable filtration.

Cameron, Stephen, Modulus of conti-
nuity method for the Muskat prob-
lem and fractional mean curvature
flow.

Chai, Wei, Random topological struc-
tures.

Chowdhury, Subhadip, Self-similarity
of ziggurat fringes and rigidity of ex-
tremal free group actions on the cir-
cle.

Ding, Zhiyuan, A toy model of
shtukas.

Gadish, Nir, A general framework for
representation stability, with appli-
cations to arrangements and arith-
metic.

Havarneanu, Raluca, G-Tambara func-
tors are G-commutative monoids.

Kovacheva, Yordanka, Intersection
pairing of cycles and biextensions.

Moore, Drew, Cohomology of towers
of discrete subgroups in 𝐺𝐿𝑛 over a
p-adic field.

Nichols, Margaret, Taut sutured han-
dlebodies as twisted homology
products.

Pham, Ngoc Hoang Minh, On Lef-
shetz’s form of the number of cuspi-
dal representations with some Stein-
berg local components.

Seeger, Benjamin, Fully nonlinear
stochastic partial differential equa-
tions.

Department of Statistics

Bonakdarpour, Mahtiyar, Shape-
constrained random forests and
discrete choice.

Chen, Likai, Statistical learning and
high-dimensional inference for
time dependent data.

Deb, Soudeep, Concentration inequali-
ties for empirical processes of linear
time series.

Dey, Kushal, Pattern detection and vi-
sualization in biological data using
grade of membership models.

Ha, Wooseok, Nonconvex alternating
minimization, nonconvex support
recovery, and optimization based
approach in medical imaging.

Jahangoshahi, Mohammad, Multiple
SLE paths in the annulus.

Karmakar, Sayar, An optimal Gauss-
ian approximation and its applica-
tions.

Mbatchou, Joelle, Assessments of sig-
nificance for genetic association of
analysis in structural samples.

Patel, Vivak, Statistical estimation and
optimization under resource con-
straints.

Yang, Fan, High dimensional feature
screening and shape restricted non-
parametric regression.

University of Illinois at
Chicago (23)

Mathematics, Statistics & Computer
Science Department

Alley, Charles, On the monodromy
of meromorphic cyclic opers on the
Riemann sphere.

Bayindir, Haldun, Topological equiv-
alences of e-infinity differential
graded algebras.

Berner, Joseph, Shape theory in homo-
topy theory and algebraic geometry.

Bridges, Mercer, Effective divisors on
Kontesivich moduli spaces.

Cameron, Alexander, Extremal prob-
lems on directed hypergraphs and
the Erdos–Gyarfas Ramsey problem
variant for graphs.

Du, Jin Yang, Scales, diamond and the
strong tree property.

Ingebretson, Daniel, Hausdorff dimen-
sion of Kuperberg minimal sets.

Janhardanian, Mano Vikash, Algo-
rithms for learning networks and
learning from networks.

Kaplan, Matthew, A nonlinear least
squares framework for periodic grat-
ing identification with a HOPS im-
plementation.

Lee, Eun-Hye, On certain multiple
Dirichlet series.

Leslie, Trevor, Regularity and energy
laws in hydrodynamic models of
Newtonian fluids and collective be-
havior.

Li, Keren, Score-matching representa-
tive approach for big data analysis
with generalized linear models.

Malitz, Eric, A two-grid discretization
for finite element approximations
of the elliptic Monge–Ampere equa-
tion.

McClellan-Bernard, Cloie, Separable at
birth: products of full relatively
quasi-convex subgroups.
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Mohajer, Ali, Upper bounds on the
density of two radius packings of
disks in the plane.

Moulinos, Tasos, Topological K-theory
and invertibility.

Ngom, Marieme, A theoretical and nu-
merical analysis of the Faraday wave
experiment.

Page, Janet, The Frobenius complexity
of Hibi rings.

Sartipi, Khashayar, Paschke category,
K-homology, and the Riemann–
Roch transformation.

Shideler, Samuel, Limit F–signature
functions of diagonal hypersurfaces.

Wang, Lujia, Problems in extremal
and probabilistic combinatorics.

Yang, Shuhang, Examples of isotrivial
elliptic threefolds over 𝑃2 and their
discriminants.

Zhou, Shuang, Parametric and non-
parametric approaches for estimat-
ing risk-neutral density.

University of Illinois,
Urbana-Champaign (34)

Department of Mathematics

Bernshteyn, Anton, Coloring problems
in combinatorics and descriptive set
theory.

Butler, Stacey, Network structure and
stability criteria for complex ecolog-
ical systems.

Caulfield, Erin, Classifying expansions
of the real field by complex sub-
groups.

Chung, Jooyeon, Fourth order spectral
theory and diffusion-driven instabil-
ity.

Dong, Dong, Multilinear operators in
harmonic analysis: methods and ap-
plications.

Ekvittayaniphon, Sakulbuth, On se-
quences related to binary partition
function and the Thue–Morse se-
quence.

Gao, Li, On quantum Euclidean
spaces: continuous deformation
and pseudo-differential operators.

Hakobyan, Tigran, Algebraically
closed fields with characters;
differential-Henselian monotone
valued differential fields.

Hong, Euijin, Two problems in the
theory of curves over fields of posi-
tive characteristic.

Jung, Derek, Lipschitz and Holder
mappings into jet space Carnot
groups.

Kim, Hee Yeon, Bifurcations in nonlin-
ear Schrodinger equations with dou-
ble well potentials.

Kirkoryan, Artur, Design principles for
linear systems: stability and opti-
mality.

Lanius, Melinda, Generically non-
degenerate Poisson structures and
their Lie algebroids.

Li, Junxian, Extreme values of L-
functions.

Livesay, Michael, Stable configurations
for population and social dynamics.

Mastroeni, Matthew, Betti numbers of
Koszul algebras and codimension
two matrix factorizations.

Monical, Cara, Polynomials in alge-
braic combinatorics.

Mousley, Sarah, Boundaries and hier-
archically hyperbolic spaces.

Ochoa de Alaiza Gracia, Itziar, Stratifi-
cations of representations and cyclic
quivers.

Pratt, Kyle, Topics in analytic number
theory.

Rasekh, Nima, A theory of elementary
higher toposes.

Shakan, George, The sum-product
problem.

Tamazyan, Albert, Visibility of lattice
points in high dimensional spaces
and extreme values of combinations
of Dirichlet L-functions.

Toprak, Ebru, Global dynamics of
Schrödinger and Dirac equations
with obstructions.

Villatoro, Joel, Stacks in Poisson geom-
etry.

Wang, Xiao, Spatial statistical-physical
systems.

Weigandt, Anna, Prism tableaux and
alternating sign matrices.

West, Argen, Linear search with low
sensing on two rays.

Zhao, Mingyu, Smoothing estimates
for noncommutative spaces.

Department of Statistics

Fredrickson, Mark, Casual inference
for complex data: randomization
inference for treatment effect het-
erogeneity, network outcomes, and
subgroup specific effects.

Gan, Lingrui, Bayesian regularization
for graphical models and variants:
theory and algorithms.

He, Yifeng, Inference of high-
dimensional linear models with
time-varying coefficients.

Song, Yanglei, Some topics in sequen-
tial analysis.

Su, Xiao, Variational approximation
for importance sampling and statis-
tical inference on social influence.

INDIANA
Indiana University,
Bloomington (15)

Department of Mathematics

Bhupatiraju, Sandeep, The low-
intensity limit of Bernoulli–Voronoi
and Poisson–Voronoi measures.

Edge, Joshua, Spin models for Yang–
Baxter planar algebras and their con-
nection to virtual tangles.

Haggerty, Patrick, Products of antisym-
plectic involutions.

Hernandez, Marco, Dynamics of sto-
chastic partial differential equations
in mathematical physics.

Lee, Dami, Geometric realizations of
cyclic branched covers over punc-
tured spheres.

Lindsey, Zachery, Localization of qua-
sicategories with a calculus of frac-
tions.

Lu, Zhipeng, Flatness of the commu-
tator map on finite special linear
groups.

Novack, Michael, Variational methods
in the mathematics of liquid crys-
tals.

Patel, Pawan, The circular law for ran-
dom matrices with dependence.

Tai, Yu-Tsung, Discrete quantum theo-
ries and computing.
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Venkatraman, Raghavendra, Some
equilibrium and dynamical prob-
lems for singular structures in the
calculus of variations.

Xu, Junyan, Stratification for multi-
plicative character sums.

Yang, Zhao, Traveling waves in an in-
clined channel and their stability.

Zhang, Shizhuo, Geometry of derived
category of rational surfaces.

Department of Statistics

Wang, Xuefu, Assessment of disclo-
sure risk of confidential data with
continous attributes.

Purdue University (25)

Department of Mathematics

Hao, Feng, Asymptotic Hodge theory
and nonabelian Hodge theory for
nodal curves.

Jamroz, Christina, Hilbert functions
of general hypersurface restrictions
and local chomology for modules.

Parab, Abhishek, Absolute conver-
gence of the twisted Arthur–Selberg
trace formula.

Pengitore, Mark, Residual dimen-
sion of finitely generated nilpotent
groups.

Poghotanyan, Gayane, The effective re-
production number for a class of
mixingmatrices inmeta-population
model in epidemiology.

Steiner, Avi, 𝐴-Hypergeometric sys-
tems and 𝐷-module factors.

Ursilti, Andrew, Sub-laplacians on real
flag manifolds.

Veldt, Nate, Optimization frame-
works for graph clustering.

Vogel, Jimmy, On structured Eigen-
value problem: methods, analysis,
and applications.

Ye, Xin, Analytical methods for struc-
tured matrix computations.

Department of Statistics

Chakravorty, Aritra, Embarrassingly
parallel statistics and its applica-
tions: divide & recombine methods
for parallel computation of quan-
tiles and construction of K-D trees
for big-data.

Chen, Donglai, Statistical learning of
proteomics data and global testing
for data with correlations.

Ferreira, Raquel De Souza Borges, Inter-
pretable machine learning for addi-
tive manufacturing.

Lee, Hyoeun, Optimal placement of a
small order in a diffusive limit order
book.

Li, Yunfan, A study of the prediction
performance andmultivariate exten-
sions of the horseshoe estimator.

Liu, Meimei, Computationally effi-
cient nonparametric testing.

Liu, Qi, Divide and recombine for
large and complex data: Model like-
lihood functions using MCMC and
TRMM big data analysis.

Qiu, Yixuan, Exact methods in statisti-
cal inference.

Ren, Min, Model-based high-
dimensional network inference:
theory & methods.

Shen, Zhou, Two component semi-
parametric density mixture models
with a known component.

Sun, Hui, Imbalanced high dimen-
sional classification and applica-
tions in precision medicine.

Troisi, Jeremy, Using ATS to turn time
series estimation and model diag-
nostics into fast regression estima-
tion and model diagnostics.

Wei, Wutao, Model based clustering
algorithms with applications.

Zhang, Boqian, Efficient path and pa-
rameter inference for Markov jump
processes.

Zhang, Rongrong, Chromosome 3D
structure modeling and new ap-
proaches for general statistical infer-
ence.

University of Notre Dame (8)

Applied and Computational
Mathematics and Statistics

Barron, Martin, Statistical ma-
chine learning for single-cell RNA-
sequencing data: sparse clustering
for cell type indentification and con-
founding factor removal.

Ebsch, Christopher, Excitatory-
inhibitory balance, imbalance, and

amplification in cortical network
models.

Department of Mathematics

Bela, Erin, Numerical macaulification
in arbitrary codimension.

Jedlovec, Phillip, Hopf rings and the
Ando–Hopkins–Strickland theo-
rem.

Liske, Whitney, On the coordinate
ring of a projection of a degree two
Veronese variety.

Quigley, James, Generalized Ma-
howald invariants.

Wawerczyk, Eric, Congruences of or-
dinary symplectic Galois representa-
tions.

Zhou, Cunlu, Entropy, optimization
and coding theory.

IOWA
Iowa State University (10)

Department of Mathematics

Anderson-Lee, Julia, A continuum ap-
proach to modeling the vibrations
within a block subjected to free rock-
ing.

Carlson, Joshua, A method for charac-
terizing graphs with specified throt-
tling numbers.

Curl, Emelie, A polychromatic ap-
proach to a Turán-type problem in
finite groups.

Jiang, Yi, Invariant-region-preserving
DG methods for conservation law
systems.

Messerschmidt, Kacey, Coloring prob-
lems in graph theory.

Rodruguez Quinones, Leo, Direct and
inverse problems for a Schrodinger–
Steklov eigenproblem on different
domains and spectral geometry for
the first normalized Steklov eigen-
value on domains with one hole.

Schulte, Alex, An exploration of anti-
van der Waerden numbers.

Sheller, Benjamin, Symmetry reduc-
tion in 𝐾 − 𝑃 problems.

Shin, Minwoo, Hybrid discrete (H𝑇
𝑁)

approximations to the equation of
radiative transfer.

Young, Derek, Techniques for deter-
mining equality of the maximum
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nullity and the zero forcing number
of a graph.

University of Iowa (24)

Applied Mathematical &
Computational Sciences

Mahat, Aarati, Dynamic features of
neural activity in primary auditory
cortex for auditory streaming.

Tanner, Gregory, Generalized addi-
tive Runge–Kutta methods for stiff
ODEs.

Verniero, Jennifer, Turbulence in helio-
spheric plasmas: characterizing the
energy cascade and mechanisms of
dissipation.

Yang, Yang, 2D signal processing: ef-
ficient models for spectral compres-
sive sensing & single image reflec-
tion suppression.

Department of Biostatistics

Li, Qing, A two-stage pseudo likeli-
hood approach to estimation and
inference for alternating recurrent
events data.

Miller, Ryan, Marginal false discovery
rate approaches to inference on pe-
nalized likelihood models.

Ozanne, Marie, Bayesian compart-
mental models for zoonotic visceral
leishmaniasis in the Americas.

Peterson, Ryan, Ranked sparsity: a reg-
ularization framework for selecting
features in the presence of prior in-
formational asymmetry.

Department of Mathematics

Berrizbeitia, Ana, Invariants of Hopf
actions on path algebras of quivers.

Betancourt, Catalina, Persistence heat
maps for knotted data sets.

Bombardier, Kevin, Atoms in quasilo-
cal integral domains.

Edison, Jeremy, On invertible algebras.
Edwards, Rathany, Factorization in
polynomial rings with zero divisors.

Hamer, Jesse, On positivities of links:
an investigation of braid simplifi-
cation and defect of Bennequin in-
equalities.

Hasse, Erik, Lowest terms in commu-
tative rings.

Lara, Danny, Quiver representations
and their dense orbits.

McCormick, Kathryn, Operator alge-
bras, matrix bundles, and Riemann
surfaces.

Sistko, Alexander, Maximal subalge-
bras of finite-dimensional algebras.

Department of Statistics & Actuarial
Science

Cervantes, Juan, Tempering spatial au-
tocorrelation in the residuals of lin-
ear and generalizedmodels by incor-
porating selected Eigenvectors.

Jarjour, Riad, Clustering financial time
series for volatility modeling.

Liu, Yingying, Bayesian hierarchical
normal intrinsic conditional autore-
gressive model for stream networks.

Wang, Bo, Structural change detection
via penalized regression.

Wang, Sheng, Regularized skewness
parameter estimation for multivari-
ate skew normal and skew t dis-
tribuions.

Zhang, Fuli, Spectral classification of
high dimensional time series.

KANSAS
Kansas State University (15)

Department of Mathematics

Armstrong, Niles, Nonconvexity and
compact containment of mean
value sets for second order uni-
formly elliptic operators in diver-
gence form.

Bressie, Phillip, Globular PROs & the
weak w-categorification of algebraic
theories.

Brummer, Joshua, Leibniz-type rules
associated to bilinear pseudodiffer-
ential operators.

Clemens, Jason, Spanning tree mod-
ulus: deflation and a hierarchical
graph structure.

Fernando, Thiwanka Nethali, New met-
rics on networks arising from mod-
ulus and applications of Fulkerson
duality.

Grossnickle, Keely, Non-K-Equal con-
figuration and immersion spaces.

Manly, Ian G, Data mining and inter-
vention in calculus I.

Peabody, Jamie, The GIT fan for a Mori
dream space and the 𝜇-secondary
polytype.

Richardson, Christopher, A generaliza-
tion of the Goresky–Klapper conjec-
ture.

Thomson, Alex, Leibniz-type rules in
Triebel–Lizorkin and Besov spaces.

Department of Statistics

Chitakasempornkul, Kessinee, Address-
ing challenges of hierarchical struc-
tural equation modeling in animal
agriculture.

McGowan, Yan, Predicting drug
residue depletion to establish a
withdrawal period with data below
limit of quantiatation (LOQ).

Ofori, Francis, The impact of weather
change on the nitrous oxide emis-
sion with spatial pattern detection
and large data approximation.

Wu, Mengjiao, Equivalence testing for
identity authentication using pulse
waves from photoplethysmograph.

Yu, Suizhi, A covariate-adjusted
classification model for multiple
biomarkers in disease screening and
diagnosis.

University of Kansas (11)

Department of Mathematics

Doolittle, Joseph, Constructions of
polytopes and simplicial com-
plexes.

Duna, Ken, Matroid independence
polytopes and their Ehrhart theory.

Feng, Wen, On the existence and sta-
bility of standing waves in three
types of NLS equations.

Goeckner, Bennet, Decompositions of
simplicial complexes.

Holmes, Brent, Serre’s condition and
depth of Stanley–Reisner rings.

Kim, Hee Sun, Statistical estimation
and universal codes for context set
models.

Kolasinski, Avary, Surface and bulk
moving mesh methods based on
equidistribution and alignment.

Ma, Wenjun, Particle filters for hidden
non-Markovian models and block
sampling.
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Posukhovskyi, Iurii, On the existence
and stability of normalized ground
states of the Kawahara, fourth order
NLS and the Ostrovsky equations.

Smith, Connor, Dynamics of unstable
nonlinear waves.

Yu, Yufei, An adative moving mesh fi-
nite elementmethod and its applica-
tion to mathematical models from
physical sciences and image process-
ing.

Wichita State University (4)
Department of Mathematics,
Statistics, and Physics

Almutairi, Shahah, The effect of small
time delays on large-scale systems.

Echart, Alexandria, Two contributions
to order restricted inferences.

Entekhabi, Mozhgan, Increasing stabil-
ity for the inverse scattering source
problem with many frequencies.

Nie, Zhihui, Isotropic positive defi-
nite functions on spheres generated
from those in Euclidean spaces.

KENTUCKY
University of Kentucky (9)
Department of Biostatistcs

Choate, Radmila, Estimating disease
severity, symptom burden and
health-related behaviors in patients
with chronic pulmonary diseases.

Duan, Ran, Evaluating the impacts of
antidepressant use on the risk of de-
mentia.

Huang, Zhengyan, Differential abun-
dance and clustering analysis with
empirical Bayes shrinkage estima-
tion of variance (DASEV) for pro-
teomics and metabolomics data.

Luu, Huong, Using prescription drug
monitoring data to inform popula-
tion level analysis of opioid anal-
gesic utilization.

Tanner, Whitney, Improved standard
error estimation for maintaining
the validities of inference in small-
sample cluster randomized trials
and longitudinal studies.

Department of Mathematics

Bray, Kasey, On the role of ill con-
ditioning: Biharmonic eigenvalue
problem and multigrid algorithms.

Chandrasekhar, Karthik, Bounding the
number of compatible simplices in
higher dimensional tournaments.

Davis, Brian, Lattice simplices: suffi-
ciently complicated.

Lytle, George, Approximations in re-
constructing discontinuous conduc-
tivities in the Calderón problem.

Pilaha, Tefjol, Equivalence of classical
and quantum codes.

Sang, Yucong, A representation the-
orem for material tensors of tex-
tured thin sheets with weak planar
anistropy.

Willmott, Devin, Recurrent neural net-
works and their applications to RNA
secondary structure inference.

Zhao, Ding, Solvent-vapor induced
spherulitic growth in prestressed
multicomponent elastic films.

LOUISIANA
Louisiana State University,
Baton Rouge (11)

Department of Mathematics

Barnes, Matthew, Unavoidable immer-
sions and intertwines of graphs.

Fallon, Joshua, Two results in drawing
graphs on surfaces.

Grace, Kevin, Templates for repre-
sentable matroids.

Grenier, Joseph, Reflection positivity: a
quantum field theory connection.

Hess, Zhaoxia, Quantum trees and or-
thogonal polynomials.

Kulkarni, Maitreyee, Dimer models on
cylinders over Dynkin diagrams and
cluster algebras.

Nguyen, Bach, Invariant of noncom-
mutative algebras and Poisson ge-
ometry.

Said, Eyad, Non-localmethods in frac-
ture dynamics.

Sizemore, Robert, Adaptive curve track-
ing control under state constraints
and uncertainties.

Taylor, Sean, Mixed categories of
sheaves on toric varieties.

Weston, Jerome, Backstepping and se-
quential predictors for control sys-
tems.

LSU Health Science Center,
New Orleans (3)

Department of Biostatistics

Aldibasi, Omar, Estimations of DNA
fragments from PCR amplification
of microbiome samples.

Blaha, Ondrej, Variable selection and
post-selection inference in linear
fixed and mixed effects models.

Yau, Tat, Inference in linear multivari-
ate envelope model.

Louisiana Tech University (3)

Program of Mathematics & Statistics

Lueder, Tanya, A complete characteri-
zation of near outer-planar graph.

Ma, Wennan, Smooth particle hydro-
dynamics for computational fluid
dynamics.

Yan, Yun, Higher-order accurate finite
difference method for thermal anal-
ysis in double-layered solid struc-
tures – gradient preserved method.

University of Louisiana at
Lafayette (4)

Department of Mathematics

Davis, Donald, Quasi-Baer and FI-
extending generalized matrix rings.

Hasan, Md Sazib, Inference on log-
normal distributions based on com-
plete, censored or zero-inflated
data.

Lv, Shanshan, Confidence intervals
and prediction intervals for some
discrete distributions.

Moodie, Mark, Cones of functionals
on dimension groups.

MARYLAND
Johns Hopkins University
Bloomberg School of Public
Health (6)

Department of Biostatistics

Di, Junrui, Feature engineering and
statistical modeling of wearable de-
vices data.

Lee, Youjin, Statistical reasoning in
network data.
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Li, Lu, Statistical methods and model-
ing in cancer etiology and early de-
tection.

Ruberman, Claire, Statistical meth-
ods in the analysis of random-
ized control trials: Applications to
pre-exposure prophylaxis for HIV
prevention and a community en-
gagement intervention in East Balti-
more.

Zhang, Haoyu, Testing for genetic asso-
ciation and building risk prediction
models for cancers incorporating tu-
mor characteristics.

Zhu, Yuxin, Optimal decision rule
for combining multiple biomarkers
into tree-based classifier and its eval-
uation.

Johns Hopkins University,
Baltimore (8)

Department of Applied Mathematics
& Statistics

Cape, Joshua, Statistical analysis and
spectral methods for signal-plus-
noise matrix models.

Department of Mathematics

Ginsberg, Daniel, The free boundary
problem for Euler’s equations.

Lang, Harry, Streaming coresets for
high-dimensional geometry.

Nakade, Apurva, Manifold calculus
and convex integration.

Ren, Tianyi, Resolvent estimates for
the Laplacian in the Euclidean space
and on the sphere.

Wang, Shengwen, Some properties of
closed hypersurfaces of small en-
tropy and the topology of hypersur-
faces through singularities of mean
curvature flow.

Zhang, Cheng, Oscillatory integrals
and eigenfunction restriction esti-
mates.

Zhao, Zehua, Long time dynamics for
NLS at critical regularity.

University of Maryland,
College Park (19)

Department of Mathematics

Akurugodage, Buddhima, Higher order
asymptotics for the central limit the-
orem and large deviation principles.

Ballentine, Sean, Locally recoverable
and regenerating codes from alge-
braic curves.

Black, Rebecca, Motivic cohomology
of groups of order 𝑝3.

Bohannon, Addison, Stochastic pro-
cesses on graphs: learning represen-
tations and applications.

Cao, Lijuan, Adjustment for density
method to estimate random effects
in hierarchical Bayes models.

Chen, Ye, Consistency analysis of
sequential learning under approxi-
mate Bayosian inference.

Estes, Alexander, Problems originating
from the planning of air traffic man-
agement initiatives.

Gunatilleka, Danul, The theories of
Baldwin–Shi hypergraphs: their
atomic models and regular types.

Han, Ying, Statistical Inference using
data from multiple files combined
through record linkage.

He, Siming, Mixing, flocking, and
cooperation: analytical studies of
transport phenomena in biology.

Li, Wenbo, Error analysis of numeri-
cal methods for nonlinear geomet-
ric PDEs.

Lizzi, Adam, Calculations for the
abelianized ètale fundamental
group of curves of genus one or
two.

Lownes, Eric, On the Gromov–Witten
theory of ℙ1-bundles over ruled sur-
faces.

Ma, Tianyu, Local dynamics of essen-
tial projective vector fields for Levi-
Civita connections.

Ndjakou Njeunje, Franck Olivier, Com-
putational methods in machine
learning: transport model, Haar
wavelet, DNA classification, and
MRI.

Su, Tengfei, Low-rank solution meth-
ods for discrete parametrized partial
differential equations.

Ulrich, Douglas, Some applications of
set theory to model theory.

Wang, Chen, Data fusion based on the
density ratio model.

Xue, Jinhang, Essays in statistical anal-
ysis isotonic regression and filtering.

Zakharov, Arseny, Understanding ex-
treme waves using wavelets: analy-
sis, algorithms, numerical studies.

MASSACHUSETTS
Boston College (6)

Department of Mathematics

Cremaschi, Tommaso, Hyperbolic 3-
manifold of infinite type.

Fox, Maria Kathleen, The GL(4)
Rapport–Zink spaces.

He, Dongtai, Upsilon invariant,
fibered knots, and right-veering
open books.

Tovstopyat-Nelip, Lev Igorevich, Braids,
transverse links and knot Floer ho-
mology.

Yu, Shucheng, Second moments of in-
complete Eisenstein series and ap-
plications.

Zhang, Melissa, Localization for Kho-
vanov homologies.

Boston University (10)

Department of Mathematics &
Statistics

Chang, Eric, New parameter plane
structures for rational maps.

Cheung, Anthea, Spatiotemporal
patterns in the wake of traveling
wave solutions to the Morris–Lecar
model of neural tissue.

Cooper, Eric, Selection of quasi-
stationary states in the 2D Navier–
Stokes equation on the Torus.

Gailus, Siragan, Statistical inference
for multiscale diffusions with small
noise.

Gelastopoulos, Alexandros, Synchro-
nization properties and functional
implications of parietal beta1
rhythm.

Morse, Matthew, Moderate deviations
principle and importance sampling
for slow-fast diffusions with small
noise.

Upton, Elizabeth, Bayesian regression
for network data.

Walters, Jackson, Prefactorization and
vertex algebras associated to holo-
morphic fibrations, the toroidal al-
gebra, and averages of unlabeled
networks.
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Weber, Karoline, Advances in point
process modeling: feature selection,
goodness-of-fit and novel applica-
tions.

Zhou, Yujia, Brain rhythms in small
and large networks of neurons.

Harvard University (13)

Department of Mathematics

Fan, Yu-Wei, Mirror symmetry, autoe-
quivalences, and bridgeland stabil-
ity conditions.

Ghang, Whan, Indirect reciprocity
with optional interactions and pri-
vate information and stochastic evo-
lution of staying together.

Goldberg, Gabriel, The ultra power ax-
iom.

Han, Changho, Stable log surfaces,
trigonal covers, and canonical
curves of genus 4.

Hsu, Chi-Yun, Ramification of the
Hilbert Eigenvariety.

Huang, Jiaoyang, Spectral statistics of
random d-regular graphs.

Luo, Yusheng, Trees, Berkovich spaces
and the barycentric extension in
complex dyamics.

Menzies, Max, The p-curvature con-
jecture for the non-abelian Gauss–
Manin connection.

Shi, Xiaolin, Real operations of
Lubin–Tate spectra and the
slice spectral sequence of a c4-
equivariant height-4 Lubin–Tate
theory.

Ye, Lynnelle, Slopes in eigenvarieties
for definite unitary groups.

School of Engineering & Applied
Science

Badiei, Massoud, Primal-dual meth-
ods for stochastic optimization on
Riemannian manifolds and con-
nected graphs.

Masood, Arjumand, Algorithms for dis-
covering collections of high-quality
and diverse solutions, with applica-
tions to Bayesian non-negative ma-
trix factorization and reinforcement
learning.

Qu, Guannan, Distributed decision
making in cyber-physical network
systems.

Harvard University, T. H.
Chan School of Public
Health (19)

Department of Biostatistics

Chan, Stephanie, Risk assessment with
imprecise EHR data.

Chen, Tom, Robust methods for esti-
mating the intraclass correlation co-
efficient and for analyzing recurrent
event data.

Comment, Leah, Bayesian casual infer-
ence with intermediates.

Fulcher, Isabel, Statistical.
Goodman, Matthew, Statistical meth-
ods for precise phenotypes in
Alzheimer’s disease research.

Huang, Theodore, Statistical and ma-
chine learning approaches for fam-
ily history data.

Kangeyan, Divy, Methods for analyz-
ing sparse genetic and epigenetic
data: single cells to population lev-
els.

Liao, Shirley, Bayesian causal infer-
ence for estimating impacts of air
pollution exposure.

Liu, Jeremiah, Practical semiparametic
inference with Bayesian non param-
etic ensembles.

Luna, Carla, Leveraging functional an-
notations and multiethnic data to
improve polygenic risk prediction.

Madsen, Thomas, Topics in cancer
modeling: evolution, epidemiol-
ogy, and heterogeneity.

Mathur, Maya, Statistical methods for
evidence synthesis.

McCaw, Zachary, Transformation and
multivariatemethods for improving
power in genome wide association
studies.

McGee, Glen, Topics in cluster-
correlated data: design, informa-
tiveness, and misclassification.

Sloan, Abigail, Statistical methods for
pooled and calibrated biomarker
data.

Townes, Frederick (Will), Methods for
single cell and longevity genomics.

Tracy, Samuel, Contributions to miss-
ing data methods in genomics and
survival analysis.

Tsoucas, Daphne, Computational
methods for the analysis of single
cell transcriptomic data and their
applications to cancer.

Ziadi, Jaffer, On the identification
of individual level interactive direct,
and always-survived effects.

Massachusetts Institute of
Technology (25)

Department of Mathematics

Cristea-Platon, Tudor, Hydrodynamic
analogues of quantum corrals and
Friedel oscillations.

Cuenca, Cesar, Point processes of rep-
resentation theoretic origin.

Do, Thao, Semi-algebraic graphs and
hypergraphs in incidence geometry.

Elder, Samuel, Reliable validation:
new perspectives on adaptive data
analysis and cross-validation.

Galashin, Pavel, Totally positive
spaces: topology and applications.

Gallagher, Paul, New progress towards
three open conjectures in geometric
analysis.

Huetter, Jan-Christian, Minimax esti-
mation with structured data: shape
constraints, causal models, and op-
timal transport.

Kartal, Yusuf Baris, Distinguishing
open symplectic mapping tori via
their wrapped Fukaya categories.

Kim, Chiheon, Statistical limits of
graphical channel models and
a semidefinite programming ap-
proach.

Koh, Dax Enshan, Classical simulation
complexity of restricted models of
quantum computation.

Kurianski, Kristin, Estimates for solu-
tions to the Dysthe equation and
numerical simulations of walking
droplets in harmonic potentials.

Lu, Haihao, Large-scale optimization
methods for data-science applica-
tions.

Panchev, Lyuboslav, On the 𝑣1 period-
icity of a Moore space.

Rolnick, David, Towards an integrated
understanding of neural networks.

SEPTEMBER 2020 NOTICES OF THE AMERICAN MATHEMATICAL SOCIETY 1229



Doctoral Degrees Conferred

Rzeznik, Andrew, Applied math in
geophysical fluids: leaky mode ex-
pansions for partially trapped wave
problems and mining plumes.

Sackel, Kevin, Getting a handle on
contact manifolds.

Strehlke, Nicholas, The arrival time for
mean curvature flow on a convex do-
main.

Triantafillou, Nicholas, Restriction of
scalars, the Chabauty–Coleman
method, and ℙ1 ⧵ {0, 1,∞}.

Unda, Francisco, Incremental combi-
natorial problems.

Venkatesh, Siddharth, Geometry and
representation theory of the Ver-
linde category.

Vogt, Isabel, Some results in the arith-
metic & geometry of curves.

Wang, Hong, A restriction estimate in
𝑅3.

Wang, Jane, The geometry and dynam-
ics of twisted quadratic differentials.

Weed, Jonathan, Statistical problems
in transport and alignment.

Xiao, Jingwei, Germ expansion, endo-
scopic transfer, and unitary periods.

Tufts University (5)

Department of Mathematics

Ben-Zvi, Michael, Boundaries of CAT
(0) groups with isolated flats.

Lin, Junyuan, Preconditioned itera-
tive methods for linear equations of
graph Laplacians: algorithms and
applications.

Newman, Elizabeth, A step in the right
dimension: tensor algebra and ap-
plications.

Otomo, Hiroshi, Lattice Boltzmann
models for high-order partial differ-
ential equations.

Wang, Hongyan, Numerical methods
for the yard-sale model of wealth
distribution.

University of Massachusetts,
Amherst (8)

Department of Biostatistics &
Epidemiology

Lauer, Stephen, Methods for mak-
ing policy-relevant forecasts of infec-
tious disease incidence.

Department of Mathematics &
Statistics

Boratko, Michael, On the growth of
Sobolev norms for the nonlinear
Schrödinger equation on tori and
boundary unique continuation for
elliptic PDE.

Chang, Yue, Variational approxima-
tions for density deconvolution.

Dong, Zhijie, A relation between
Mirkovic–Vilonen cycles and mod-
ules over preprojective algebra of
Dynkin quiver of type ADE.

Sun, Boqin, Quantile regression on
survival data with delayed entries.

Ward, Cory, Asymptotic and numer-
ical analysis of coherent structures
in nonlinear Schrödinger-type equa-
tions.

Yu, Xueying, Global well-posedness
and scattering for the defocusing
quintic nonlinear Schrödinger equa-
tion in two dimensions.

Yue, Haitian, Well-posedness for the
cubic nonlinear Schrödinger equa-
tions on tori.

MICHIGAN
Central Michigan
University (6)

Department of Mathematics

Aldeni, Mahmoud, Families of distri-
butions arising from the quantile of
generalized lambda distribution.

Chamblin, Robert, Investigating the ef-
fects of classroom climate on math-
ematics self-efficacy.

Jansrang, Monsikarn, Minimum semi-
definite rank and the graph comple-
ment conjecture.

Reynhout, Timothy, Topological recur-
sion for symplectic volumes of mod-
uli of open Riemann surfaces.

Saikali, Norma, Erhart theory on nor-
mal semigroup rings and its applica-
tion to Hilbert–Kunz functions.

Zhang, Yifan, A combinatorial proof
for the generating function of prod-
ucts of second-order recurrence se-
quences.

Michigan Technological
University (5)

Department of Mathematical
Sciences

Aggul, Mustafa, High accuracy meth-
ods and regularization techniques
for fluid flows and fluid-fluid inter-
action.

Chuenjarern, Nattaporn, Discon-
tinuous Galerkin methods for
convection-diffusion equations and
applications in petroleum engineer-
ing.

Li, Xueling, Statistical methods for
joint analysis of multiple pheno-
types and their applications for Phe-
WAS.

Roberts, Matthew, Approximation of
the generalized singular value ex-
pansion.

Wang, Sulin, Total variation bounded
flux limiters for high order finite dif-
ference schemes solving scalar con-
servation laws.

Oakland University (2)

Department of Mathematics &
Statistics

Ashburn, Stephanie, The complexity
of building optimal expression di-
rected acyclic graphs.

Melekian, Christopher, Matching
preclusion and generalizations.

University of Michigan (45)

Department of Biostatistics

Bray, Mathieu, Advances in methods,
algorithms and software for opti-
mization and simulation of kidney
paired donation programs.

Dey, Rounak, Statistical Methods for
analyzing large scale biological
data.

Lee, Yeji, Computational approaches
for analyzing high-throughput ge-
nomic data.

Liu, Tzu-Ying, Outlier detection for
mixed model with application to
RNA-seq data.

Quick, Corbin, Statistical and compu-
tational methods for genome-wide
association analysis.

1230 NOTICES OF THE AMERICAN MATHEMATICAL SOCIETY VOLUME 67, NUMBER 8



Doctoral Degrees Conferred

Reynolds, Evan, Staistical learning
methods for electronic health
record data.

Shi, Jingchunzi, Statisticalmethods for
modeling heterogeneous effects in
genetic association studies.

Suresh, Krithika, Dynamic methods
for the prediction of survival out-
comes using longitudinal biomark-
ers.

Tan, Yaoyuan, Novel applications and
extensions for Bayesian additive re-
gression trees (BART) in prediction,
imputation and causal inference.

Tang, Lu, Statistical methods of data
integration, model fusion, and het-
erogeneity detection in big biomed-
ical data analysis.

Xia, Meng, Study design and analy-
sis of censored longitudinal time-to-
event and recurrent event data.

Zhou, Tingting, Robust methods for
casual inference using penalized
spines.

Department of Mathematics

Agrawal, Siddhart, On the motion of
angled crested type water.

Blum, Harold, Singularities and K-
stability.

Carter, Brandon, Jochnowitz congru-
ences at residual primes.

Chan, Charlotte, Period identities of
CM forms on quarternion algebras.

Datta, Rankeya, A tale of valuation
rings in prime characteristics.

Everlove, Corey, Meromorphic Dirich-
let series.

Kilgore, John Michael, Weyl’s law for
singular algebraic varieties.

Klein, Patricia, Relationships among
Hilbert–Samuel multiplicities,
Koszul cohomology, and local co-
homology.

Leaf, Alexander, The Kashaer equation
and related recurrences.

Lu, Bingying, The semi-classical sine-
Gordon equation, universality at
the gradient catastrophe and the
Painleve-l equation.

Lu, Yining, Mathematicalmodeling of
phosphorylation in circadian clocks
from cyanobacteria to mammals.

Melfi, Andrew Michael, Theoretical
and numerical analysis of devia-
tions between Kingman’s coalescent
and the Wright–Fisher model.

Murayama, Takumi, Seshadri con-
stants and Fujita’s conjecture via
positive characteristics methods.

Navarrete, Raymundo, Embedding and
prediction of testing and perturba-
tions.

Newman, Michael, Applications of lo-
cality and asymmetry to quantum
fault-tolerance.

Rabindranath, Ashwath, Pseudoeffec-
tive cones and morphisms of projec-
tive varieties.

Rebrova, Elizaveta, Spectral properties
of heavy-tailed random matrices.

Song, Jiah, Mathematical modeling
and simulations of traffic flow.

Tan, Yan Shuo, Some algorithms and
paradigms for big data.

Walker, Robert, Uniform symbolic to-
pogies in non-regular rings.

Wei, Feng Tao, Measure concentration
and non-asymptotic singular values
distributions of random matrices.

Department of Statistics

Arroyo Relión, Jesús Daniel, Topics in
network analysis with applications
to brain connectomics.

Bhattacharya, Shrijita, Outlier identifi-
cation in spatio-temporal processes.

Giessing, Alexander, On high-
dimensional misspecified quantile
regression.

Guo, Jun, Some contributions to high
dimensional mixed effects logistic
regression models.

Hornstein, Michael, Jointmean and co-
variance modeling of matrix-variate
data.

Hunt, Greg, Cell type deconvolution
and transformation of microenvi-
ronment microarray data.

Li, Tianxi, Statistical tools for network
data: Prediction and resampling.

Lin, Jiahe, Modeling and estimating
multi-block interactions for high-
dimensional stationary time series.

Park, Joonha, Computational infer-
ence algorithms for spatiotemporal

processes and other complex mod-
els.

Tu, Chun-Chen, Enhancing prediction
efficacy with high-dimensional in-
put via structural mixture modeling
of local linear mappings.

Wang, Jingshen, Debiased post selec-
tion inference.

Yurochkin, Mikhail, Geometric infer-
ence in Bayesian hierarchical mod-
els with applications to topic mod-
eling.

Wayne State University (7)

Department of Mathematics

Ali, Alaa Haj, Existence, uniqueness,
and symmetry properties of free
boundary problems for some non-
linear degenerate ellipitic second or-
der partial differential equations.

Deng, Beichuan, Superconvergence
points for spectral interpolation of
integer and faractinal order deriva-
tives.

Kegan, Michael, A relationship be-
tween connective K-theory of finite
groups and number theory.

Nasralah, Hussein, On portfolio opti-
mization in finite horizons.

Nguyen, Hai Dang, Switching diffu-
sion systems with past-dependent
switching having a countable state
space.

Pham, Dat, Full stability of parametric
variational systems.

Zhang, Caojia, Optimal trading under
a Markov model.

MINNESOTA
University of Minnesota (26)

School of Mathematics

Bahran, Cihan, Categorifying induc-
tion formulae via divergent series.

Baker, Brittany, How dynamical
regime and neuronal network struc-
ture influence synchronous events.

Broomfield, James, Invariant Euler–
Lagrange equations for variational
problems defined over framed
curves in two and three dimensions.

Flores, Mauricio, Algorithms for Lp-
based semi-supervised learning.
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Ghahremani, Peyman, Bernstein in-
equality for formal power series.

Handschy, Madeline, Phase transitions
in tensors with multiple spikes.

Hiltner, Lindsey, Equilibrium configu-
rations of hexagonal columnar liq-
uid crystals with applications to ma-
terials science and biology.

Kandola, Shelley, The topological com-
plexity of spaces of digital images.

Lindsay, Danika, Applications of evo-
lutionary modeling to the study of
drug resistance in cancer.

Logan, Kimberly, Differential forma-
tions in automorphic forms and an
application.

Massatt, Daniel, Electronic structure
of incommensurate bilayer het-
erostructures.

Maunu, Tyler, A framework for non-
convex robust subspace recovery.

Meyer, Katherine, Metric properties
of attractors for vector fields using
bounded, nonautonomous control.

Mohammed Ismail, Harris Ahmed, On
some applications of a generalized
Dwork trace formula to L-functions
associated to exponential sums over
Galois rings.

Nadeau, Alice, Generalizations for in-
solation and albedo to adapt an en-
ergy balance model to other planets.

Negaard-Paper, Shannon, Attractors
and attracting neighborhoods for
multiflows.

Pham, Tuan, Topics in the regularity
theory of the Navier-Stokes equa-
tions.

Sakalli, Sumeyra, New exotic symplec-
tic 4-manifolds with nonnegative
signatures and exotic smooth struc-
tures on small 4-manifolds.

Tian, Fangyang, On the local theory of
certain global zeta integrals and re-
lated problems.

Tuttle, Austin, Modeling regional vari-
ation of cortical spreading depres-
sion: a computational study.

Walkoe, Iver, Meromorphic continua-
tion of Eisenstein series on Q-rank
one arithmetic quotients.

Weinburd, Jasper, Patterns selected by
spatial inhomogenity.

School of Statistics

Dai, Ning, Bayesian spatial and longi-
tudinal modeling of neuroimaging
data and inference viaMarkov chain
Monte Carlo.

Ekvall, Karl Oskar, Topics in multivari-
ate statistics with dependent data.

Shang, Zhuoran, Latent class models:
Design and diagnosis.

Ye, Chenglong, Model selection and es-
timation for high-dimensional data
analysis.

MISSISSIPPI
Jackson State University (3)

Department of Mathematics and
Statistical Sciences

Alareqi, Ebrahim, Predictive cyber-
security analytics framework: hy-
brid probabilistic approach for
anomaly intrusion detection using
knowledge-based & user behaivor
data.

Gomez-Fonseca, Duber, Molecular
quantitative trait loci analyses on
the interplay of enviornmental
and genetic factors associated with
prostate cancer.

Zubatyuk, Roman, Development of
neural network potentials for com-
putational chemistry.

Mississippi State
University (1)

Department of Mathematics &
Statistics

Kim, Hwamog, Surface reconstruc-
tion via data preprocessing and the
curvature interpolation method for
geospatial point cloud data.

Vital, Ralph-Antoine, Smoothing
based goodness-of-fit test for haz-
ard rate function.

University of Mississippi (1)

Department of Mathematics

Beknazaryan, Aleksandr, Cramér type
moderate deviations for random
fields and mutual information esti-
mation for mixed-pair random vari-
ables.

University of Southern
Mississippi (3)
Department of Mathematics and
Natural Sciences
Bingham, Brianna, Scalable time-
stepping for Navier–Stokes through
high frequency analysis of block
Arnoldi iteration.

Dozier, Haley, Enhancement of Krylov
subspace spectral methods through
the use of the residual.

Oh, Jaeyoun, Adaptive meshfree meth-
ods for partical diefferential equa-
tions.

MISSOURI
Missouri University of
Science & Technology (2)
Department of Mathematics &
Statistics
Geiger, Daniel, On modeling quan-
tities for insurer solvency against
catastrophe under some Markovian
assumptions.

Huo, Lei, New developments of di-
mension reduction.

St Louis University (1)
Department of Mathematics &
Statistics
Mixco, James, Supersymmetric cluster
algebras and their quantum defor-
mations.

University of
Missouri–Columbia (6)
Department of Mathematics
Botelho-Andrade, Sarah, Applied prob-
lems in frame theory.

Clark, Jacob, Shapley-like values with-
out symmetry.

Fernando, Dilan, Effective numerical
methods to model dynamical be-
havior of springs with torsion.

Genschaw, Alyssa, Absolute continuity
of parabolic measure and the initial-
dirichlet problem.

Richey, Ryan, The vanishing of the
Chow cohomology ring for affine
toric varieties and additional results.

Seesanea, Adisak, Potential theory
methods for some nonlinear elliptic
equations.
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Department of Statistics

Jha, Chetkar, Reference analysis of
non-regular models and nonpara-
metric Bayes model of large data.

Ma, Chenchen, Statistical analysis of
clustered or multivariate interval-
censored failure time data.

Wu, Qiwei, Variable selection for
interval-censored failure time data.

Yan, Dongyan, Bayesian non-
parametric methods for benefit-risk
assessment and massive multiple-
domain data.

University of
Missouri–Kansas City (1)

Department of Mathematics &
Statistics

Mutua, Jones, Modeling HIV-1 infec-
tion and immune responses under
drugs of abuse.

Washington University–St.
Louis (6)

Department of Mathematics &
Statistics

Cheng, Gong, Index theory for invari-
ant elliptic operators on maifolds
with a proper cocompact group ac-
tion.

Hao, Guanshengrui, Topics in complex
and large-scale data analysis.

Li, Yifei, A q-analogue and a symmet-
ric function analogue of a result by
Carlitz, Scoville and Vaughn.

Saad Kuffner, Marie Jose, Commuta-
tors and weak factorization.

Sasaki, Tokio, Limits and singularities
of normal functions.

Wang, Wei, Three essays on complex
dependent data.

MONTANA
University of
Montana–Missoula (4)

Department of Mathematical
Sciences

Feliciano-Semidei, Ricela, Use of com-
puter software to do mathematics
and the mathematics achievement
of students in Puerto Rico using re-
stricted 2015 NAEP.

Khormali, Omid, Extermal problems
for forests in graphs and hyper-
graphs.

Parsa, Esmaeil, Aspects of unique D-
colorability for digraphs.

Shchepakin, Denis, Applications of as-
ymptoticmethods: Analyzingmath-
ematical models in neroscience and
describing fast dynamics of a trajec-
tory in the vicinity of a chaotic at-
tractor.

NEBRASKA
University of
Nebraska–Lincoln (15)

Department of Mathematics

Bolkema, Jessalyn, Graph-theoretic as-
pects of polar codes.

De Silva, Jessica, Graphs with few
spanning substructures.

DeSantis, Derek, Operator algebtras
generated by left invertbles.

Gensler, Scott, Fractional difference
operators and related boundary
value problems.

Gheibi, Mohsen, Geometrically linked
ideals and Gorenstein dimension.

Hamidi, Mitchell, Admissibility of C*-
covers and crossed products of oper-
ator algebras.

Hu, Wei, Caputo nabla fractional
boundary value problems and tnte-
gral inequalities on time scales.

Ikram, Areeba, Green’s functions and
Lyapunov inequalities for nabla Ca-
puto boundary value problems.

Ismert, Lara, Unbounded derivations
of C*-algebras and the Heisenberg
commutation relation.

Jamieson, Jessie, On the well-
posedness and global boundary
contraollability of a nonlinear bean
model.

Poppelreiter, Nathan, Dynamic ob-
servers for unknown populations.

Setniker, Ariel, Sequential differences
in nabla fractional calculus.

Steinburg, Neil, A tensor’s torsion.

Department of Statistics

Bikienga, Salfo, Leadership and eco-
nomic growth: A text analytics ap-
proach.

Pathak, Dola, Role of misclassifica-
tion estimates in estimating dis-
ease prevalence and a non-linear
approach to study synchrony using
heart rate variability in chickens.

Vargas Jurado, Napoleon, Linear unmix-
ing models: extensions and appli-
cations to the estimation of dietary
(botanical) mixing proportions.

NEVADA
University of Nevada, Las
Vegas (3)

Department of Mathematical
Sciences

Chaudhry, Sharang, Contributions to
MCMC methods in constrained do-
mains with applications to neu-
roimaging.

Javier, Marvin, k-Tuple sampling from
partially rank-ordered sets.

Lautzenheiser, Daniel, Generalized
and higher dimensional Apollonian
packings.

NEW HAMPSHIRE
University of New
Hampshire (7)

Department of Mathematics &
Statistics

Fan, Haihui, Unitarily invariant
norms on finite von Neumann alge-
bras.

Kehoe, Eric, Psuedometrics, the com-
plex of ultrametrics, and iterated cy-
cle structures.

Kindrat, Laszlo, Asymptotic and spec-
tral analysis of the bending-torsion
vibration model with nondissipa-
tive boundary conditions.

Lak, Mahtab, General reflexivity for
absolutely convex sets.

Liu, Wenjing, Beurling theorems and
approximate equivalence in von
Neumann algebras.

Wei, Fei, On Sarnak’s Moebius dis-
jointness conjecture.

Zhao, Meng, A combined model of
statistical downscaling and latent
process multivariable spatial model-
ing of precipitation extremes.
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NEW JERSEY
Montclair State University (2)

Mathematical Sciences Department

Platt, Douglas, Pre-service teachers’ en-
gagement in a discourse about inte-
gers from a Sfardian perspective.

Rahman, Zareen, Adjunct instructors’
opportunities for learning through
engagement with a research-based
mathematics curriculum.

Princeton University (17)

Department of Mathematics

Chen, Eric, Some regularity proper-
ties for two equations arising from
flows.

Dai, Irving, Involutive Heegaard Floer
homology and homology cobor-
dism.

de Courcy-Ireland, Matthew, Fine-scale
properties of random functions.

Eskenazis, Alexandros, Geometric in-
equalities and advances in the Ribe
program.

Gundlach, Fabian, Parametrizing ex-
tensions with fixed Galois group.

La, Joonhyun, On the models of the
fluid-polymer systems.

Sengupta, Akash, Geometric invari-
ants and geometric consistency of
Manin’s conjecture.

Song, Antoine, In search of minimal
hypersurfaces.

Stern, Daniel, Variational theory
and asymptotic analysis for the
Ginzburg–Landau equations and
p-harmonic maps.

Su, Jun, Coherent cohomology of
Shimura varieties and automorphic
forms.

Zhang, Siyi, Some problems in four-
dimensional conformal geometry.

Zhuang, Ziquan, Birational superrigid-
ity and K-stability.

Program in Applied &
Computational Mathematics

Cao, Yuan, Structure detection in high
dimensional graphical models.

Guillen Pegueroles, Bernat, Smooth se-
lection principles, simplicial com-
plexes, and everything in between.

Lee, Eun Jee, Influence propagation in
graphs and applications to network
analysis.

Levy, Caleb, New paths from splay to
dynamic optimality.

Simoes Bravo Ferreira, Jose Frederico,
Convex optimization approaches
for NMR assignment.

Rutgers University–New
Brunswick (13)

Mathematics Department

Breeling, Michael, Spectral and scatter-
ing theory for dispersive three-body
systems.

Charnley, Matthew, Uniform asymp-
totic approximation of solutions to
the conductivity problem with thin
open filaments.

Clingempeel, Joel, Brane transport be-
yond Calabi–Yau: A tale of geome-
try and localization.

Coulson, Rebecca, Metrically homoge-
neous graphs: Dynamical proper-
ties of their automorphism groups
and the classification of twists.

Flake, Johannes, Dirac cohomology
for Hopf–Hecke algebras.

Franks, William Cole, A simple algo-
rithm for Horn’s Problem and two
results on discrepancy.

Ginory, Alejandro, Two problems in
representation theory: Affine Lie al-
gebras and algebraic combination.

McKeon, Katie, Low lying geodesics in
an arithmetic hyperbolic three man-
ifold.

Raz, Abigail, Two problems in ran-
dom graph theory.

Scheinerman, Daniel, Several prob-
lems in linear algebraic and additive
combinatorics.

Tang, Sijian, Two problems in noise
tolerant computing.

Welsh, Matthew, Roots of polynomial
congruences.

Zhang, Zhuohui, Clebsch–Gordan co-
efficients and principal series repre-
sentations.

NEW MEXICO
New Mexico State
University–Las Cruces (3)
Department of Mathematical
Sciences

Brantley, Kristina, Monadic intuition-
stic and modal logics admitting
provability interpretations.

Cruz-Quinones, Maria, Completions
of pseudo ordered sets.

Liu, Qianning, A study of pharmacoki-
netic models.

NEW YORK
Binghamton University, State
University of New York (7)
Department of Mathematical
Sciences

Bayes, Kyle, Index theorem for closed
geodesics.

Cyr, Joseph, Subdirectly irreducible bi-
nary modes.

Sharma, Kunal, Adiabatic limit of
calderon projector on manifold
with cylindrical end.

Su, Ting, Extensions of matroids over
tracts and doubly distributive par-
tial hyperfields.

Wang, Wenbo, Set-valued classifica-
tion via confidence set learning.

Yao, Lin, James–Stein-type optimal
weight choice for frequentist model
average estimator.

Zhou, Changwei, Some results on
Arakelov theory of arithmatic sur-
faces.

Columbia University (14)
Department of Mathematics

Choi, Beomjun, Non-compact geomet-
ric flows: long time existence and
type II singularities.

Cowan, Alexander, Fourier expansions
for Eisenstein series twisted bymod-
ular symbols and the distribution of
multiples of realpoints on an ellip-
tic curve.

Faulk, Mitchell, Some canonical met-
rics on Kahler orbifolds.

Giorgi, Elena, The linear stability of
Reissner–Nordstrom spacetime for
small charge.
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Li, Shizhang, On the Picard functor in
formal-rigid geometry.

Ma, Qixiao, Brauer class over the Pi-
card scheme of curves.

Osinenko, Anton, The two-legged K-
theoretic equivariant vertex.

Yu, Wenhua, Blowup rate control for
solution of Jang’s equation and its
application on Penrose inequality.

Department of Statistics

Austern, Morgane, Limit theorems be-
yond sums of independent observa-
tions.

Cheng, Edward, Selected legal applica-
tions for Bayesian methods.

Hirshberg, David, Minimax-inspired
semiparametric estimation and ca-
sual inference.

Lu, Felhan, Bayesian modeling strate-
gies with applications to complex
healthcare data.

Mena, Gonzalo, Statistical machine
learning methods for the large scale
analysis of neural data.

Wan, Phyillis, Application of distance
covarience to extremes and time se-
ries and inference for linear prefer-
ential attachment networks.

Cornell University (24)

Center for Applied Mathematics

Eriksson, David, Scalable kernel meth-
ods and their use in black-box opti-
mization.

Freund, Daniel, Models and algo-
rithms for transportation in the
sharing economy.

Gilles, Marc Aurele, At the intersection
of differential equations and opti-
mization: inverse problems, path
planning and Krylov subspaces.

Javeed, Aurya, Data-driven dynamics:
estimation in the presence of noise.

Srapionyan, Anna, Some spectral ideas
applied to finance and to long-
range dependent and self-similar
processes.

Department of Mathematics

Akhmejanov, Tair, Growth diagrams
from polygons in the affine Grass-
manian.

Barnes, James, Decidability in the hy-
perdegrees and a theorem of hyper-
arithmetic analysis.

Bergfalk, Jeffrey, Dimensions of ordi-
nals: set theory, homology theory,
and the first omega alephs.

Chan, Swee Hong, Nonhalting
Abelian networks.

Chen, Tao Ran, The inverse deforma-
tion problem.

Einstein, Eduard, Hierarchies for rela-
tively hyperbolic virtually compact
special non-positively curved cube
complexes.

Gallagher, Joseph, On conjectures re-
lated to character varieties of knots
and Jones polynomials.

Houston-Edwards, Kelsey, Discrete heat
kernel estimates on inner uniform
domains.

Liu, Jingbo, Heat kernel estimate of
the Schrodinger operator in uni-
form domains.

McMeekin, Christine, A density of ram-
ified primes.

Pendleton, Ian, The fundamental
group, homology, and cohomology
of toric origami 4-manifolds.

Rafiqi, Ahmad, On dilatations of sur-
face automorphisms.

Saied, Amin, Stable representation
theory of categories and application
of families of (Bi)modles over sym-
metric groups.

Zhai, Yujia, Study of bi-parameter
flag paraproducts and bi-parameter
stopping-time algorithms.

Department of Statistics and Data
Science

Athiwaratkun, Praphruetpong, Density
representations for words and hier-
archical data.

Jin, Ze, Measuring statistical depen-
dence and its applications in ma-
chine learning.

Yan, Xiaohan, Statistical learning for
structural patterns with trees.

Yu, Guo, High-dimensional struc-
tured regression using convex opti-
mization.

Zhou, Yichen, Asymptotics and inter-
pretability of decision trees and de-
cision tree ensembles.

Graduate Center, City
University of New York (6)

PhD Program in Mathematics

Amzallag, Eli, Galois groups of differ-
ential equations and representing al-
gebraic sets.

Chakhtoun, Omar, One-dimensional
excited randomwalkwith unbound-
edly many excitations per site.

Ferlengez, Bora, Studying the space
of almost complex structures on a
manifold using de Rham homotopy
theory.

Sun, Mengxiao, On the complexity of
computing Galois groups of differ-
ential equations.

Sunderland, Matthew, Linear progress
with exponential decay inweakly hy-
perbolic groups.

Thompson, Peter, A differential alge-
bra approach to commuting polyno-
mial vector fields and to parameter
identifiability in ODE modes.

New York University,
Courant Institute (9)

Courant Institute of Mathematical
Sciences

Bao, Yuan Xun, Efficient and accu-
rate numerical methods for fluid-
structure and fluid-particle interac-
tions.

Dubach, Guillaume, On integrable
models of non-Hermitian random
matrices.

Essid, Montacer, On theoretical and
numerical aspects of optimal trans-
port and its regularizations.

Ferguson, Samuel, Stochastic homoge-
nization of nonlinear elliptic equa-
tions and exponential Riesz bases in
finite abelian groups.

Gheissari, Reza, Dynamics of 2D Potts
and random-cluster models.

Huang, Jinz, Experimental and
mathematical studies of heat and
mass transfer in geophysical fluid-
structure interactions.

Li, Liying, Ergodic problems in ran-
dom environments: polymers,
Burgers equations, and transport.

Vankova, Irena, Ice and ocean dynam-
ics in a glacier fjord.
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Wu, Tianqi, Continuum limit and
synchronization conditions for cou-
pled oscillators on lattices.

Stony Brook University (9)

Department of Mathematics

An, Zhongshan, Ellipticity of Bartnik
boundary data for stationary vac-
uum spacetimes.

Bryden, Edward, Stability of the posi-
tive mass theorem for axisymmetric
manifolds.

Doan, Aleksander, Monopoles and
Fueter sections on three-manifolds.

Huang, Shaosai, On the collapsing
and convergence of Ricci flows and
solitons.

Minoccheri, Cristian, On the arith-
metic of low degree weighted com-
plete intersections.

Pugh, Harrison, The vanishing of the
first Chern class for simply con-
nected complex surfaces is a quasi-
conformal invariant.

Sokolowsky, Benjamin, Extensions of
the mass angular momentum in-
equality in mathematical relativity.

Thurman, Joseph, Quaternionic geom-
etry and special holonomy.

Zou, Fangyu, Monge–Ampère equa-
tion on the complement of a divisor
and on the Chern–Yamabe flow.

The University of Albany,
SUNY (7)

Department of Mathematics &
Statistics

Bennett, Bryan, Bounded algebra in
symmetric monoidal categories.

Corradino, Jesse, On the geometric in-
terpretation of certain vertex alge-
bras and their modules.

Goldberg, Bryan, Geometric and dy-
namical properties of the infinite di-
hedral group.

Grossman, Jonathan, Coarse geometric
coherence.

Lin, Ziqiang, Non-stationary counts
with mixture distributions.

Sidoli, Scott, The N=1 singlet vertex su-
peralgebra.

Stefanou, Anastasios, Dynamics on cat-
egories and applications.

University at
Buffalo–SUNY (7)

Department of Biostatistics

Shen, Xi, Statistical inference of asso-
ciation parameters for stratified bi-
lateral correlated data.

Yang, Yang, Regularization for vari-
able selection with flexible missing-
ness mechanism: methodology, al-
gorithm and application.

Zhang, Fan, identification of super-
vised and sparse functional genomic
pathways.

Zou, Li, Frequentist and Bayesian ex-
tensions to data-driven liklihood
methods with biostatistical applica-
tions.

Department of Mathematics

Bittner, Alyson, Detecting mapping
spaces and spaces with complexity
one.

Jeong, Myoungin, Input certification
for secure computation.

Shi, Ruonan, Gibbs-free reconstruc-
tion of Fourier data with Fourier
continuation and subvoxel shift
with high order approximation.

University of Rochester (2)

Department of Biostatistics &
Computational Biology

Majumder, Madhurima, Conditional
tests for multivariate one-sided hy-
potheses with missing data.

Zhang, Yun, Novel statistical meth-
ods for gene set enrichment analy-
sis with empirical memberships for
overlapping genes.

NORTH CAROLINA
Duke University (23)

Department of Mathematics

Ball, Gavin, Seven-dimensional ge-
ometries with special torsion.

Beckman, Erin, Asymptotic behavior
of certain branching processes.

Casey, Michael, Linear dimension re-
duction approximately preserving
level-sets of the 1-norm.

Gunderson, Ryan, Riemannian 3-
manifolds with a flatness condition.

Huo, Ran, Voter models on graphs.

Lian, Chester, Transverse homology
and transverse nonsimplicity.

Liu, Weifan, Dynamics and steady-
states of thin film droplets on ho-
mogeneous and heterogeneous sub-
strates.

Ma, Ruibo, Three interacting particle
systems arising from biology.

Thomas, Ashleigh, Invariants and met-
rics for multiparameter persistent
homology.

Vagner, Dmitry, Diagrammatics in cat-
egorification and compositionality.

Williamson, Brendan, On SDEs with
partial damping inspiried by the
Navier–Stokes equations.

Xu, Jieren, Adaptive data representa-
tion and analysis.

Department of Statistical Science

Akande, Olanrewaju, Bayesian models
for imputing missing data & editing
erroneous responses in surveys.

Berry, Lindsay, Bayesian dynamic
modeling and forecasting of count
time series.

Coleman, Jacob, Topics in Bayesian
computer model emulation and cal-
ibration, with applications to high-
energy particle collisions.

Larson, Gary, Advances in Bayesian
modeling of protein structure evolu-
tion.

Lorenzi, Elizabeth, Advancements in
probabilistic machine learning and
causal inference for personalized
medicine.

Marion, Joseph, Finite sample bounds
and path selection for sequential
Monte Carlo.

Nguyen, Nghi, Essays on propensity
score methods for causal inference
in observational studies.

Pena Pizzaro, Victor, Bayesian model
uncertainty and foundations.

White, Philip, Topics in Bayesian spa-
tiotemporal prediction of environ-
mental exposure.

Wortman, Joan, Record linkage meth-
odswith applications to causal infer-
ence and election voting data.

Zaidi, Abbas, Bayesian estimation and
sensitivity analysis for causal infer-
ence.
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North Carolina State
University (11)

Department of Mathematics

Boyle, Kristen, On derivations of
Leivniz algebras.

Castle, Lucas, Well-posedness and
control in free and moving bound-
ary fluid-structure interactions.

Chandler, Alex, Thin posets, CW
posets, and categorification.

Chen, Xiaohong, Some advances and
applications of immersed interface
methods.

Gaddy, Melissa, Optimization of ra-
diotherapy treatments with spa-
tiotemporal fractionation schemes.

Hart, Joseph, Extensions of global sen-
sitivity analysis: Theory, computa-
tion, and applications.

Pongprasert, Suchada, 𝐷(1)
6 -geometric

crystal corresponding to the Dynkin
spin node 𝑖 = 6 and its ultra-
discretization.

Summers, Victor, Torsion in the Kho-
vanov homology of links and the
magnitude homology of graphs.

Viel, Shira, Cluster algebras and
mutation-linear algebra: folding,
dominance, and the orbifords
model.

Weselcouch, Michael, The uniqueness
and irreducibility of P-partition gen-
erating functions.

Yadavalli, Anila, Darboux transforma-
tions and Fay identities for the ex-
tended bigraded Toda hierarchy.

University of North Carolina
at Chapel Hill (31)

Department of Biostatistics

Chakladar, Sujatro, Causal inference
with partial interference and right
censored outcomes.

Huh, Ruth, Cluster ensemble meth-
ods for single cell RNA-seq data and
deconvolution of bulk Hi-C data.

Joshi, Neha, Multi-stage adaptive en-
richment trials.

Lawson, Michael, Advances in data-
driven research methodology for
precision public health.

Nguyen, Crystal, Design and analysis
for precision medicine subgroup in-
dentification.

Wang, Yue, Partial least squares meth-
ods for functional regression mod-
els.

Wilson Jr., Douglas, Statistical meth-
ods for the estimation of cell-type
composition and cell-type specific
association studies.

Xenakis, James, Special topics for re-
combinant inbred intercross data:
model indentifiablity hypothesis
testing and compositional meth-
ods.

Zhang, Jingwen, Advanced methods
for discovering geneticmarkers asso-
ciated with high dimensional imag-
ing data.

Department of Mathematics

Arrowood, Holly, Oil droplets rising
through density-stratified fluid at
low Reynolds number.

Bernardi, Francesca, Space/time evolu-
tion in the passive tracer problem.

Booth, Robert, An investigation of non-
trapping, asymptotically Euclidean
wave equations.

Gao, Yuan, Metropolis dynamics of
random spin systems.

Kilic, Zeliha, Random transport of
passive scalars.

Muckerman, Dylan, Conformal pertur-
bations and local smoothing.

Promtapan, Sutipoj, Equivariant
Chern–Schwartz–MacPherson
classes of symmetric and skew-
symmetric determinantal varieties.

Prudhom, Andrew, Potentials of a fam-
ily of arrangements of hyperplanes
and elementary subarrangements.

Rogers, Sean, The Springer morphism,
polynomial representations, and
the cohomology ring of Grassman-
nians.

Strayer, Michael, Characterization and
classification of minuscule Kac–
Moody representations built from
colored posets.

Yang, Caroline, Analysis of monotone
and non-monotone traveling waves
in a system for social outbursts.

Department of Statistics &
Operations Research

Carmichael, Iain, Geometric insights
into support vector machine behav-
ior using the KKT conditions.

Chen, Wanyi, A data-driven approach
for operational improvement in
emergency department.

Choi, Hyo Young, Scissor for finding
outliers in RNA-seq.

Gao, Haipeng, Bayesian inference for
stochastic cusp catastrophe model.

Gong, Siliang, Study on correlations
in high dimensional data.

Jiang, Meilei, Statistical learning of in-
tegrated analysis.

Liu, Jianyu, Flexible graph-based
learning with applications to ge-
netic data analysis.

Liu, Yufeng, Advanced statistical
learning techniques for high-
dimensional imaging data.

Qi, Zhengling, Learning optimal indi-
vidualized decision rules with risk
control.

Qian, Huijun, Statistical inference
and computation for market mi-
crostructure.

Sun, Tianxiao, Newton-type methods
under generalized self-concordance
and inexact oracles.

University of North Carolina
at Charlotte (13)

Department of Mathematics &
Statistics

Chen, Peilin, Statistical estimation
and inference for the associations
of multivariate recurrent event pro-
cesses.

Cook, Thomas, On the spectral theory
of 1-D Schrodinger operator with
random sparse potentials.

Crosby, Caylah, Accurate and efficient
calculation of singular electrostatic
potentials in charge-dielectric spher-
ical and Janus partical systems.

Deng, Liqin, Estimation of semi-
varying coefficent models for count-
ing process with applications.

Han, Dan, Population dynamics with
immigration.
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Heng, Fei, Dynamic modeling of in-
complete event history data.

Li, Qitong, Inverse source problems
for elliptic and parabolic equations.

Liu, Li, Optimal stratergies in “Locks,
Bombs and Testing” Problem for the
case of independent protection.

Palta, Birce, Schwarz methods for
fourth-order problems containing
singularities.

Puri, Rajan, On the discrete spectrum
of exterior elliptic problems.

Rao, Maorong, High confidence set
regularization in sparse high dimen-
sional logistic regression with mea-
surment error.

Stewart, Ann, Jensen–Shannon diver-
gence: estimation and hypothesis
testing.

Zhang, Jialin, Non-parametric estima-
tion of imformation-theoretic quan-
tities in entropic perspective.

NORTH DAKOTA
North Dakota State
University, Fargo (2)

Department of Mathematics

Solhjem, Sara, Sign matrix polytopes.
Vorland, Corey, Multidimensinoal tog-
gle dynamics.

OHIO
Air Force Institute of
Technology (4)

Department of Mathematics &
Statistics

Brooks, Eric, Compressive sampling
for phenotype classification.

Morrill, Dana, Numerical simulation
of high energy laser propagation.

Nunnally, Beau, Statistical inference
to evaluate and compare correlated
multi-state clasification systems.

Turner, Jonathan, Cocyclic Hah-
damard matrices: An efficient
search-based algorithm.

Bowling Green State
University (6)

Department of Mathematics &
Statistics

Alghamdi, Amani, Study of general-
ized Lomax distribution and change
point problem.

Alnaji, Lulah, Generalized estimating
equations for mixed models.

da Silva Schneider, Eduardo, Exact cal-
culations for the Lagrangian veloc-
ity.

Haman, John, The energy goodness-
of-fit test and E-M type estimator for
asymmetric Laplace distributions.

Ma, Yehan, Simultaneous inference
on survival data.

Stoll, Kevin, Methodologies for miss-
ing data with range regressions.

Case Western Reserve
University (3)

Department of Mathematics,
Applied Mathematics, & Statistics

Lartley, Richard, Analog image model-
ing based super resolution and ap-
plication in multi-spectral imaging.

Li, Ben, Convex geometry and its ap-
plication to quantum information
theory.

Stewart, Kathryn, On truncations of
Haar distributed random matrices.

Ohio State University,
Columbus (17)

Department of Mathematics

Aggarwal, Keshav, Subconvexity
bounds and simplified delta meth-
ods.

Carnovale, Marc, Arithmetic structures
in small subsets of Euclidean space.

Chowdhury, Samir, Metric and topo-
logical approaches to network data
analysis.

Kennedy, Christopher, Construction of
maps by Postnikov towers.

Newman, John, Torsion in homol-
ogy of random and simplicial com-
plexes.

Nowland, Kevin, Properties of SU(2,1)
Hecke–Maass cusp forms and Eisen-
stein series.

Richter, Florian, The dichotomy be-
tween structure and randomness
and applications to combinatorial
number theory.

Sathaye, Bakul, Obstructions to Rie-
mannian smoothings of locally
CAT(0) manifolds.

Xiong, Jue, The Dirichlet operator and
its mapping properties.

Yang, Pengyu, Equidistribution in ho-
mogeneous spaces and Diophan-
tine approximation.

Yang, Xige, Mathematical models of
pattern formation in cell biology.

Department of Statistics

Bailey, Brittney, Data analysis and
multiple imputation for two-level
nested designs.

Blake, Tayler, Nonparametric covari-
ence estimation for longitudinal
data.

Nguyen, Huong, Near optimal de-
signs for Gaussian process regres-
sion models.

Smith, Corey, Exact Markov chain
Monte Carlo with likelihood ap-
proximation for functional linear
models.

Strait, Justin, Elastic statistical shape
analysis with landmark constraints.

Sui, Yihan, Analyzing spatial longitu-
dinal incidence patterns using dy-
namic multivaritive Poisson mod-
els.

Ohio University, Athens (4)

Department of Mathematics

Ahmed, Shehzad, Progressive ideals in
cobinatorial set theory.

An, Panduan, On analysis of sufficient
dimension reduction models.

Li, Zhijian, On applications of semi-
parametric methods.

Liu, Qing, On anisotropic functional
Fourier deconvolution problem
with unknown kernel.

Stanley, Benjamin, Perspectives on
ameniability and congeniality of
bases.
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University of Cincinnati (5)

Department of Mathematical
Sciences

Gecili, Emrah, Boyesian multiplicity
adjustment for multiple testing.

Ma, Pulong, Hierarchical additive
spatial and spatio-temporal process
models for massive datasets.

Ren, Ai, Embedded surface attack on
multivariate public key cryptosys-
tems from diophantine equation.

Zhang, Yuankun, (Ultra-) high dimen-
sional partially linear single index
models for quantile regression.

Zho, Wei, Bayesian model selections
for log-binomial regression.

University of Toledo (6)

Department of Mathematics &
Statistics

Nguyen, Hanh T, Efficient inference
for parameters distribution of unob-
servable time series.

Samarawickrama-Kuruppuge, Paduma
E, On the reducibility of systems of
quasi-periodic linear functional dif-
ferential equations.

Subedi, Krishna, Hyponormality and
positivity of Toeplitz operators via
the Berezin transform.

Subedi, Rishi R, Lie-Einstein spaces in
low dimensions.

Thilakarathna, Damith N, Finite rank
perturbations of Toeplitz products
on the Bergman space of the unit
disc.

Vasaturo, Anthony, Invertibility of
Toeplitz operators via Berezin trans-
forms.

OKLAHOMA
Oklahoma State
University (4)

Department of Mathematics

Thakur, Steve, Galois representations
and reductions of abelian varieties
over number fields.

Xiao, Bei, Boussinesq equations with
partial or fractional dissipation.

Xie, Bin, Basic credit risk analysis with
levy processes and numerical FFT
method.

Yeager, Aaron, Zeros of random or-
thogonal polynomials.

University of Oklahoma (11)
Department of Mathematics

Adekoya, Oreoluwa, Periodic solutions
of the dispersion-managed nonlin-
ear Schrodinger equation.

Bozkurt, Fatma, Norm retrieval from
spatiotemporal samples.

Edwards, Craig, The enumeration
problem on numerical monoids.

Morgan, Thomas, Representations of
the automorphism group of a right-
angled Coxeter Group.

Repaka, Subha Sandeep, A reducibil-
ity problem for even unitary groups:
the depth zero case.

Roy, Manami, Elliptic curves and
paramodular forms.

Sheaib, Dania, Dynamics and stability
of buoyancy-induced flows.

Stucky, Ben, Cubulating one-relator
products with torsion.

Sunkula, Mahesh, Geometric quanti-
zation of a semi-global model of a
focus-focus singularity.

Tran, Long, Zeta integrals of GSp(4)
via Bessel models.

Yi, Shaoyun, Klingen vectors of level 2
for GSp(4).

OREGON
Oregon State University (16)
Department of Mathematics

Alhammali, Azhar, Numerical analy-
sis of a system of parabolic varia-
tional ineqalities with application
to biofilm growth.

Arnold-Roksandich, Allison, Establish-
ing several infinite families of mock
and quantum modular forms.

Camacho, Charles, Enumeration prob-
lems on symmetries of Riemann sur-
faces.

Dong, Zheting, On the structure of the
orbit spaces of almost torus mani-
folds with non-negative curvature.

Gibbons, Claire, Mathematics gradu-
ate student instructors as a complex
system.

Holland (Dwight), Eleanor, Modeling
porosity: The Visco-elastic edition.

Jiang, Huanqun, Stochastic and nu-
merical analysis for optimization
problems.

Krughoff, Stephan, On the topologies
of moduli spaces of polygons: a tax-
onomic approach.

McClelland, Jason, Wasserstein beta-
diversitymetrics over graphs: deriva-
tion, efficient computation and ap-
plications.

Reed, Zackery, Undergraduate stu-
dents’ generalizing activity in real
analysis: constructing a general met-
ric.

Renne, Michael, Designing and us-
ing multiplayer tabletop mathemat-
ics learning games.

Smith, Samantha, Rigidity of vertex-
regular actions on Fuchsian build-
ings.

Somasunderam, Naveen, Fourier anal-
ysis and equidistribution an the p-
adic integers.

Umhoefer, Joe, Modeling flow and
transport at pore scale with obstruc-
tions.

Department of Statistics

Higham, Matt, Spatial Prediction for
finite populations with ecological
applications.

Niyaghi, Faraz, Localized variable se-
lection with random forest.

Portland State University (1)
Fariborz Maseeh Department of
Mathematics & Statistics

Baldivieso, Pablo, Necessary condi-
tions for stability of vehicle forma-
tions.

University of Oregon (11)
Department of Mathematics

Bhattacharya, Arunima, Regularity of
fourth and second order nonlinear
elliptic equations.

Boyle, Keegan, On symmetries of
knots and their surgeries.

Burdick, Bradley, Metrics of positive
Ricci curvature on connected sums:
projective spaces, products, and
plumbings.

Frei, Sarah, Moduli spaces of sheares
on K3 surfaces and Galois represen-
tations.
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Hiserote, Martin, A characterization of
anisotrophic 𝐻1(𝑇𝑅𝑁) by smooth
homogeneous multipliers.

Layne, Adam, Stability within 𝑇2-
symmetric expanding spacetimes.

Lester, Cynthia, The canonical
Grothendieck topology and a ho-
motopical analog.

Musyt, Jeffrey, Equivariant Khovanov
homotopy type and periodic links.

Raies, Daniel, Mackey functors over
the group 𝑍/2 and computations in
homological algebra.

Usher, Robert, On some notions of co-
homology for fusion categories.

Wells, Jonathan, On the solvability
of beta-ensembles when beta is a
square integer.

PENNSYLVANIA
Bryn Mawr College (2)
Department of Mathematics

Schwartz, Hannah, Exotic phenomena
in dimension four.

Smiley, Danielle, Estimates on oscilla-
tory singular integrals.

Carnegie Mellon
University (10)
Department of Mathematical
Sciences

Almost, Christopher, Diffusion scaling
of a limit-order book model: the
symmetric case.

Anastos, Michael, Algorithmic and
structural properties of random
graphs.

Briggs, Joseph, Online algorithms and
extremal structures.

Cohn, Samuel, On the homogeniza-
tion of diffusions in periodic comb-
like structures.

Gravina, Giovanni, Variational tech-
niques for water waves and singular
perturbations.

Gutman, David, First-order methods
in convex optimization: accelera-
tion, conditioning, and rescaling.

Hagerty, Adrian, Variational methods
for second order structured defor-
mations and multiscale problems.

Newstead, Clive, Algebraic models of
dependent type theory.

Pu, Yue, Weakly singular waves and
blow-up for a regularization of the
shallow-water system.

Zhang, Jing, Some results in combina-
torial set theory.

Drexel University (3)

Department of Mathematics

Grossman, Benjamin, Rank in matrix
analysis: On the preservers of max-
imally entangled states and frac-
tional minimal rank.

Shields, Patrick, Inflatedweight, a dual
approach to structure constants for
K-theory of Grassmannians, and a
charge statistic for shifted tableaux.

Summers, Daniel, Expansions of Cat-
alon functions.

Lehigh University (6)

Department of Mathematics

Dougherty, Aria, Regular functionals
on seaweed lie algebras.

Dyson, Alan, Existence and stability of
traveling wave solutions of integral
differential equations.

Franczak, William, K-triviality in gen-
eral settings.

Gordon, Pamela, Structural considera-
tions for intervals orders with length
constraints.

Klatt, Brian, The Hitchin–Thorpe in-
equality & its generalizations, in-
cluding to Ricci solitons.

Owens, Caitlin, Forbidden subgraphs
for Hamiltonian problems on 2-
trees.

Pennsylvania State
University (16)

Department of Mathematics

Arora, Sonny, Constructing curves
with complex multiplication using
the Chinese remainder theorem.

Bakshi, Alok, Equivariant asymp-
totic morphisms for the symplectic
plane.

Broka, Damien, Symplectic realiza-
tions of non-degenerate Poisson–
Nijenhuis manifolds.

Correia Matias, Joao, Prime geodesic
theorems for complexes from PGL3
(F) and PGSP4 (F).

deForest, Russell, Cross-diffusive insta-
bilities and aggregation in partial
differential equation models of in-
teracting populations.

Dong, Changguang, Density proper-
ties of certain group actions and
joining rigidity of some smooth sin-
gular flows.

Jiang, Yilun, Debt management prob-
lems and topics in Stackleberg equi-
librium.

Liao, Hsuan-Yi, Formality and
Kontsevich–Duflo theorem.

Lu, Jinpeng, On two problems in anal-
ysis on manifolds.

Ni, Jun, Three essays on quantitative
finance.

Pawelec, Krzysztof, Value distribution
of automorphic L-functions.

Rudenko, Oleg, Rigidity for Abelian ac-
tions with rank 1 factors.

Tan, Qijun, Asymptotically contained
representations and the spherical
Plancherel formula.

Telatovich, Adam, Numerical methods
for Langevin dynamics.

Wu, Xiaojie, Model Reduction by
Dirichlet-to-Neumann Map for
Molecular Dynamics and Quantum
Mechanics.

Xu, Wenfang, Adaptive Aggregation
and Signal Processing on Graphs.

Pennsylvania State University,
University Park (8)

Department of Statistics

Hadjicosta, Elena, Integral transform
methods in goodness-of-fit testing.

Kang, Hyun Bin, Optimal function-
on-scalar regresssion over complex
domains.

Kim, Bomin, Latent modeling of dy-
namic social networks.

Petrovich, Justin, Functional princi-
pal component analysis and sparse
functional regression.

Quinlan, Kevin, Advances in design of
computer experiments.

Snoke, Joshua, Statistical data privacy
methods for increasing research op-
portunities.

Yang, Songshan, New statistical analy-
sis tools for high dimensional data.
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You, Cheng, Air quality and health ef-
fects: systematic investigation.

Temple University (6)

Department of Mathematics

Abedin, Farhan, Harnack inequality
for a class of degenerate elliptic
equations in non-divergence form.

Cline, Zachary, Extending actions of
Hopf algebras to actions of the Drin-
fel’d double.

Garay, Jose, Asynchronous optimized
Schwarz methods for partial differ-
ential equations in rectangular do-
mains.

Morris, Timothy, Some non-abelian
covers of knot complements.

Pallucchini, Luca, Metasurfaces and
waveguides in optics.

Department of Statistical Science

Xu, Yanhui, High dimensional multi-
ple testing of nonparanormal data.

University of
Pennsylvania (14)

Applied Mathematics &
Computational Science

Wang, Xuran, Mendelian randomiza-
tion and single cell deconvolution:
two problems in statistics genetics.

Department of Epidemiology,
Biostatistics and Informatics

Wang, Le, Statistical methods for
outcome-dependent sampling de-
signs.

Department of Mathematics

Barbosa, Rodrigo, Deformations of G2-
structures, string dualities and flat
Higgs bundles.

Hoisington, Joseph, On the total curva-
ture and Betti numbers of complex
projective manifolds.

Krishnan, Anusha Mangala, Ricci flow
on cohomogeneity one manifolds.

Liu, Yuhang, On closed six-manifolds
admitting metrics with positive sec-
tional curvature and non-Abelian
symmetry.

Michelen, Marcus, Percolation on Gal-
ton Watson trees.

Pollak, Benjamin, Ramification in the
Inverse Galois Problem.

Villano, Dominick, Some Lp-Lq im-
proving bound for Radon-like trans-
forms.

Wharton Statistics Department

Hasegawa, Raiden, Essays in causal
inference: Addressing bias in ob-
servational and randomized studies
through analysis and design.

Karmakar, Bikram, Evidence factors
for observational studies: Design,
analysis and computation.

Khim, Justin, Testing infection graphs.
Moran, Gemma, Bayesian approaches
for modeling variation.

Zhang, Linjun, The cost of privacy:
Optimal rates of convergence for pa-
rameter estimation with differntial
privacy.

University of Pittsburgh (22)

Department of Biostatistics

Beer, Joanne, Predicting clinical vari-
ables from neuroimages using fused
sparse group lasso.

Keener, Christopher, Power and sam-
ple size determination for stopped
wedge cluster randomized trials.

Li, Xingyuan, Modeling exposure-
time-response association in the
presence of competing risks.

Pleis, John, Mixtures of discrete and
continuous variables: Considera-
tions for dimension reduction.

Zhang, Di, Inference on win ratio for
clustered semi-competing risk data.

Zhu, Li, Bayesian variable selec-
tion model and differential co-
expression network analysis for
multi-omics data integration.

Department of Mathematics

Chang, Xiao, The reconstruction and
realization of topological groups.

Donahue, Quinn, A machine learning
approach to the optimal execution
problem.

Dunworth, Jeffrey, Mesoscale systems,
finite size effects, and balance neu-
ral networks.

Fiordilino, Joseph, Ensemble time-
stepping algorithms for natural con-
vection.

Liu, Jing, Transferable credit default
swaps with counterparty risks.

Lupu, Cezar, Qualitative analysis of
some classes of nonlinear problems.

Mirra, Jacob, Holder continuous map-
pings into sub-Riemannian mani-
folds.

Pakzad, Ali, Energy dissipation in tur-
bulence.

Pina, Jason, Evoked patterns of oscilla-
tory activity in mean-field neuronal
networks.

Popescu, Roxana-Irina, Fixed points
and duality of closed convex sets in
Banach spaces.

Ricciotti, Diego, Geometric analysis:
Regularity for subelliptic PDEs and
incompatible elasticity.

Romanelli, Kimberly, Geometries of hy-
perbolic surfaces with and without
boundary.

Department of Statistics

Chen, Ling-Wan, Regressive models
for dynamic treatment regimens
and quantile association of bivariate
survival date.

Kim, Byung Won, Small sphere distri-
butions and related topics in direc-
tional statistics.

Liu, Yu, Minimax estimation of large
precision matrices with bandable
Cholesky factors.

Yi, Bowen, Inference based on bound-
ary crossing of diffusions.

PUERTO RICO
University of Puerto Rico,
Rio Piedras (2)

Department of Mathematics

Guo, Kai, Objective Bayesian hypothe-
sis testing in lulitivariate situations.

Vélez Ramos, Daiver De Jesús, Calibrat-
ing significance levels and p-values
in linear model.

RHODE ISLAND
Brown University (25)

Department of Mathematics

Asgarli, Shamil, Transversality for alge-
braic varieties over finite fields.

Barron, Alex, Sparse bounds in har-
monic analysis and semiperiodic es-
timates.
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Crites, Elizabeth, Delegatable anony-
mous credientials from mercurial
signatures.

Fang, Zhou, Shifted sums of inter-
gral and half-integral weights cusp
forms.

Gras Andreu, Victoria, Harmonicmaps
between 2-dimensional simplicial
complexes.

Gulian, Mamikun, Discovering and
solving fractional-order partial dif-
ferential equations: Machine learn-
ing and Monte Carlo methods.

Kim, Seoyoung, The distribution of the
trace of Frobenius and its applica-
tions in number theory.

Li, Linhan, 𝐿𝑝 Dirichlet problem for
second order elliptic operators hav-
ing a BMO anti-symmetric part.

Peterpaul, Cyrus, Lifted arch diagrams
under branched covers.

Silverman, Thomas, Stability in nonar-
chimedian dynamics.

Solomon, Yitzchak, Inverse problems
for topolgical transforms.

Wang, Zili, On convex polyhedra:
Their metric properties and moduli
spaces.

Weber, Ashley, Hyperbolicity, convex-
ity, and simplicial embeddings of
graphs associated to surfaces.

Zhang, Xufan, The domino shuf-
fling height process and its hydrody-
namic limit.

Zhu, Yuwei, On Mumford’s construc-
tion of Abelian fourfolds.

Division of Applied Mathematics

Burkhart, Michael, A discriminative
approach to Bayesian filtering with
applications to human neural de-
coding.

Chen, Tianheng, High order numeri-
cal methods: entropy stability and
deterministic solver of stochastic
PDEs.

Dodson, Stephanie, Wave propagation
in spatially extended systems.

Petrovic, Ivana, Simultaneous confi-
dence bands in nonparametric bi-
nary regression and density estima-
tion.

Snarski, Michael, Splitting techniques
for rare event simulation in chemi-
cal reaction networks.

Sun, Weifeng, Large deviation analy-
sis on Jackson networks with pre-
emptive service discipline & impor-
tance sampling on jump diffusion
process.

Wu, Guo-Jhen, Optimal temperature
selection for infinite swapping in
the low temperature limit.

Zhang, Dongkun, Stochastic modeling
of data-driven complex systems us-
ing machine learning tools.

Zhao, Bing yu, Nonlinear limiters for
discontinous Galerkin methods.

Zhou, Guangyzo, Kinetics and the fold-
ing of RNA and other polymers.

SOUTH CAROLINA
Clemson University (12)

Department of Mathematical
Sciences

Bao, Yinggu, Analysis of time-series
data embedded in an experimental
design.

Charnyi, Sergey, The EMAC scheme
for Navier–Stokes simulations, with
application to flow past bluff bod-
ies.

DeVries, Audrey, Tight representa-
tions of specially-structured 0-1 lin-
ear, quadratic, and polynomial pro-
grams.

Grady, Amy, Generalizations of per-
mutation statistics to words and la-
beled forests.

Jia, Yisu, Some models for count time
series.

Li, Huixi, On some conjectures in ad-
ditive number theory.

Sotherden, Elaine, Matching potential
in randomized complete block de-
signs.

Wei, Tianhui, Variable selection for
complex data with sparsity: An ap-
plication for GWAS.

Withana-Gamage, Prabhashi Wickra-
masingha, Flexible models for ana-
lyzing specially-structured survival
data.

Xiao, Mengying, Efficient and accu-
rate splitting methods for flow prob-
lems.

Zhao, Liang, A numerical method for
the Navier–Stokes equations in a
velocity-vorticity form.

Zhu, Liu, On some environmental ap-
plications of stochastic processes.

Medical University of South
Carolina (1)
Department of Public Health
Sciences
O’Connell, Nathaniel, Elicitation of
composite patient toxicity scores
with application to dose-finding tri-
als for combination therapies.

University of South
Carolina (19)
Department of Epidemiology &
Biostatistics
Rahimighazikalayeh, Gelareh, Adjust-
ing for mis-reporting in court data.

Department of Mathematics
Alabbood, Mohammed, Classification
of non-singular cubic surfaces up to
e-invariants.

Bai, SHuliang, Turan problem of non-
uniform hypergraphs and spectral
theory of uniform hyppergraph.

Clark, Gregory, On the characteristic
polynominal of a hypergraph.

Edgar, Christopher, On the charecteris-
tics polynominal of a hypergraph.

Hudson, Jaree, Special fiber rings
of certain Height Four Gorenstein
Ideals.

Schnibben, Thomas, Local rings and
Golod homomorphisms.

Sweeney, James, States and numerical
range in the regular algebra.

Whitlatch, Hays, Successful pressing
sequences in simple pseduo-graphs.

Wiedemann, Alexander, On the gera-
tors of quantum dynamical semi-
groups.

Wright, Duncan, Dynamical entropy
of quantum random walks.

Zhao, Xueping, Thermodynamically
consistent hydrodynamic phase
field models and numerical approx-
imation for multi-component com-
pressible viscous fluid mixtures.
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Department of Statistics

Li, Xiang, Semiparametric regression
in the prescence of measurement er-
ror.

Liang, Yawei, Cluster analysis of
mixed-mode data.

Lin, Juexin, Regression for pooled test-
ing data with biomedical applica-
tions.

Liu, Haigang, Spatio-temporal analy-
sis of precipitation and flood data
from South Carolina.

Mou, Xichen, Estimation problems of
pooled data.

Shen, Shiwen, Discovery of commu-
nity structures in static and dynamic
networks.

Wang, Jianhong, Bayesian semi-
parametric methods for analyzing
panel count data.

TENNESSEE
University of Memphis (5)

Department of Mathematical
Sciences

Ngutu, Peter, Regression models for
analyzing clustered multinomial
and continuous outcomes under
the assumption of exchangeability.

Renaud, Holly, Topological proper-
ties of the standard operations on
spaces of continuous functions and
integrable functions.

Sembukutti Liyanage, Buddhika
Priyasad, Uniform stabilization of
Navier–Stokes equations in Lq-
based Sobolev spaces and Besov
spaces.

Smith, Stephen, Problems in graph
theory and partially ordered sets.

Snyder, Richard, On the structure of
dense graphs, and other extremal
problems.

University of Tennessee,
Knoxville (12)

Department of Mathematics

Bly, Mark, Classification of real conic
and cubic curves.

Demir, Mahir, Optimal control strate-
gies in ecosystem-based fishery
models.

Dexter, Nicholas, Sparse reconstruc-
tion techniques for solutions of
high-dimensional parametric PDEs.

Elmas, Mustafa, Mathematical models
of bacterial chemotaxis.

Gao, Bo, Asymptotics for Brow-
nian motion in Poisson poten-
tial with Reisz kernel and a time-
independent Gaussian rough noise.

Grzegrzolka, Pawel, Coarse proxim-
ity, proximity at infinity, and coarse
structures.

Horton, David, Analysis ofWeierstrass’
function and its effect on Loewner
hulls.

Pan, Xiaoyang, Asymptotics for the
dynamical systems driven by jump
noise.

Pettit, Rebecca, Optimal control of
two models of invasive species.

Ruzayqat, Hamza, Rejection enhanced
off-lattice kinetic Monte Carlo.

Stephenson, Brittany, Comparing the
impact of control strategies on
mathematical models of clostrid-
ium difficile transmission.

Weighill, Thomas, On some coarse geo-
metric notions inspired by topology
and category theory.

Weir, Elise, The dimension of the re-
stricted Hitchin component for tri-
angle groups.

TEXAS
Baylor University (10)

Department of Mathematics

Armour, David, Similarity of blocks in
parabolic category O and a wonder-
ful correspondence for modules of
covariants.

Elliot, Katie, The sixth-order Krall dif-
ferential expression and self-adjoint
operators.

Frymark, Dale, Boundary condition
associated with left-definite theory
and the spectral analysis of iterated
rank-one perturbations.

Jones, Tiffany, Conventional and as-
ymptotic stabilities of decomposed
methods for solving highly oscilla-
tory wave problems.

Osborn, John, Moment representa-
tions of exceptional orthogonal
polynomials.

Department of Statistical Sciences

Anderson, Katrina, Bayesian approach
to partially validated binary regres-
sion with response and exposure
misclassification.

Barnard, Ben, A power contrast of tests
for homogeneity of covariance ma-
trices in a high-dimensional setting.

McCreary, Morgan, On inferring cog-
nitive impairment from a battery
of tests and predicting an event-of-
interest using longitudinal time-to-
event data.

Stein, Caleb, Topics on the statisti-
cal analysis of high-dimensional ge-
nomic data.

Yu, Youjiao, Weibul mixture model for
grouped data and pattern indentifi-
cation in spatial-temporal data.

Rice University (16)

Computational & Applied
Mathematics Department

Fabien, Maurice, Hybridizable discon-
tinuous Galerkin methods for flow
and transport: applications, solvers,
and high performance computing.

Geldermans, Peter, Robust and effi-
cient numerical algorithms for the
discrete prolate spheroidal wave
functions.

Joshi, Babhru, Convex and non-
convex approaches for blind de-
modulation.

Klotz, Thomas, Numerical analysis of
nonlinear boundary integral equa-
tions arising in molecular biology.

Liu, Chen, Discontinuous Galerkin
methods for pore-scale multiphase
flow: theoretical analysis and simu-
lation.

Liu, Xiao, Structured matrix algo-
rithms for solving the Helmholtz
equation.

Department of Mathematics

Gerbuz, Vitalii, Transport properties
of one-dimensional quantum sys-
tems.
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Johnson, Alexis, Brauer goups of Kum-
mer surfaces arising from elliptic
curves with complex multiplication.

Kuzbary, Miriam, Link concordance
and groups.

Seger, Sarah, Lower order solvability,
Seifert forms, and Blanchfield forms
of links.

Wu, Jianqiu, Smooth minimul trans-
port networks and nonorientable
minimal surfaces in 𝑆3.

Department of Statistics
Luna, Pamela, A joint modeling
approach for longitudinal micro-
biome data with time-to-event out-
comes.

Nagorski, John, Computation, visual-
ization and applications of convex
clustering.

Shaddox, Elin, Bayesian graphical
models for multiple networks.

Shoemaker, Katherine, Statistical ap-
proaches for interpretable radion-
ics.

Warnick, Ryan, Bayesian joint graph-
ical modeling approaches for co-
variance and dynamic functional
connectivity analysis from neuro-
imaging data.

Southern Methodist
University (4)
Statistical Science Department
Ge, Zhiyun, Statistical analysis in can-
cer survivorship.

Nghiem, Linh, Advances in measure-
ment error modeling.

Williams, Benjamin, Samples, unite!
Understanding the effects of match-
ing errors on estimation of total
when combining sources.

Zhou, Zhengyang, Association tests
for genetic effect and its interaction
with environmental factors.

Texas A&M University (21)
Department of Mathematics
Creamer, Daniel, A computational ap-
proach to classifying low rank mod-
ular tensor categories.

Green, Nathan, Tensor powers of Drin-
feld modules and zeta values.

Gustafson, Paul, On the property F
conjecture.

Kimball, Andrew, Representations of
the necklace braid group.

Lei, Wenyu, Numerical methods for
fractional operators.

Na, Wonhee, Some results in bi-free
probability.

Pir, Ata, Irrational toric varieties.
Swift, Andrew, On some problems in
the nonlinear geometry of Banach
spaces.

Wang, Yating, Adaptive generalized
multiscale model reduction tech-
niques for problems in perforated
domains.

Wang, Yi, The Arveson–Douglas con-
jecture.

Yeh, Jean, Computational mechanics
for shape optimization and airplane
bombing based on openfoam and
LS-DYNA software.

Department of Statistics

Asher, Alexander, Semiparametric
analysis of complex polygenic gene-
environment interactions in case
control studies.

Chakraborty, Antik, Bayesian shrink-
age: computation, methods, and
theory.

Gong, Wenlong, Multi-resolution ap-
proximation of Gaussian process for
large spatial datasets.

Lee, DongHyuk, Testing statistical hy-
pothesis for latent variable models
and some computational issues.

Lin, Zhenfeng, A flexible procedure for
PU learning & period estimation for
Miras using multi-band light curves
& iPLR.

Mandal, Soutrik, Analysis of goodness-
of-fit tests for time-to-event models.

Sinha, Shyamalendu, Estimation of
location and scale parameters and
their joint density in a random ef-
fects model.

Sun, Zhouer, Topics in semiparamet-
ric regression estimation with miss-
ing covariates using single-index
models.

Sundararajan, Raanju, Topic in nonsta-
tionary time series analysis.

Wang, Tianying, Topics in measure-
ment error analysis and high-
dimensional binary classification.

Texas Christian University (1)
Department of Mathematics

Hellerman, Nathanael, Toeplitz opera-
tors with symbols from certain rota-
tion algebras and their index formu-
las.

Texas State University (2)
Department of Mathematics

Akbuga, Enes, Motivation interven-
tion through calculus tasks with sci-
ence and engineering applications.

Lindsey, Joni, Evolving mathematical
identity in post-secondary students.

Texas Tech University (13)
Department of Mathematics &
Statistics

Adikari, Aruna, Pseudo-endpoints of
chainable continua and endpoints
of nondegenerate hereditarily de-
composable chainable continua.

Ahanda, Benoit, Parametric confi-
dence regions for means of SPD ma-
trices.

Ahlhassan, Ameen, Endpoints and op-
posite endpoints of chainable con-
tinua and subcontinua with some
properties.

Bhandari, Hum Nath, Particle swarm
optimization (PSO) algortihm:
Analysis, improvements, and ap-
plications.

Dissanayaka, Pansujee, Statistical anal-
ysis of binocular eye gaze trajecto-
ries.

Dissanayake, Manjari, An emipirical
saddlepoint approximationmethod
for smoothing survival functions
under interval-censoring and clas-
sification of C elegans using func-
tional data analysis methods.

Engwer, Josh, Partitioned implicit
Runge–Kutta timesteppers for mi-
cromagnetics with Eddy currents.

Gamage, Purna, A model based data
fusion algorithm using Bayesian hi-
erarchal modeling for density esti-
mation of rare species.

Hoang, Quan, Copula regression and
robustness.

Hu, Xiaochuan, Modeling tumor-
immune system interaction with
immunotherapy.
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Jayasinghe, Bimali, An analysis of
block Verlet timestepping and
lagged force evaluations for the grav-
itational N-body problem.

Nasrin, Farzana, Smoothing spline
on unit ball domains with applica-
tions.

Paranamana, Pushpi, Analytical, nu-
merical, and geometric methods
with applications to fractured reserv-
ior modeling for Forchheimer flows.

University of North Texas (8)

Mathematics Department

Allen, Marcus, A random walk version
of Robbins’ problem.

Atnip, Jason, Conformal and stochas-
tic non-autonomous dynamical sys-
tems.

Cotton, Michael, Abelian group ac-
tions and hypersmooth equivalence
relations.

Hiers, Nathaniel, Equivalance of the
Rothberger and k-Rothberger games
for Hausdorff spaces.

Joshi, Janak, Infinite solutions for a
semilinear problem on exterior do-
mains.

Kenefake, Tyler, Annihilators of
bounded indecomposable modules
of vec(R).

Krause, Cory, Infinitary combinatorics
and the spreadingmodels of Banach
spaces.

Lopez, Marco, Hausdorff dimension
of shrinking-target sets under non-
autonomous systems.

University of North Texas
Health Sciences Center (1)

Department of Biostatistics and
Epidemiology

Mamun, Abdulla, A treatise on inde-
pendent component analysis in the
presence of noise-simulation and
data applications in neuroimaging.

University of Texas at
Arlington (8)

Department of Mathematics

Alvarado, Iris, Mathematical model-
ing of the bone remodeling process.

Binbuhaer, Aohud, On optimizing the
sum of Rayleigh quotients on the
unit sphere.

Jackson, Mark, Modeling plant virus
propagation with optimal control.

Jawad, Mahoud, Posterior normal ap-
proximation of real-time degrada-
tion modeling using Laplace ap-
proximation.

Olawoyin, Omomayowa, Mathemati-
cal modeling of Zika virus transmis-
sion and multiple pathogen interac-
tions.

Patterson, Joshua, Modeling an M/M/1
queue with unreliable service and a
working vacation.

Trejo, Imelda, Modeling the effects of
the immune system on bone frac-
ture healing.

Yang, Mei, Optimizing Krylov sub-
space methods for linear systems
and least square problems.

University of Texas at
Austin (23)

Computational Science, Engineering
& Math

Alger, Nick, Data-scalable Hessian pre-
conditioning for PDE-constrained
inverse problems.

Amabek, Yerlan, A new adaptive mod-
eling of flow and transport in
porousmedia using an enhanced ve-
locity scheme.

Henderson, Jessica (Jette), Learning
and validating clinicallymeaningful
phenotypes from electronic health
data.

Keith, Brendan, New ideas in adjoint
methods for PDEs: A saddle-point
paradigm for finite element analysis
and its role in the DPG methodol-
ogy.

Petrides, Socratis, Adaptive multi-
level solvers for the discontinuous
Petrov–Galerkin method with an
emphasis on high-frequency wave
propagation problems.

Rudi, Johann, Global convection in
Earth’s mantle: Advanced numeri-
cal methods and extreme-scale sim-
ulations.

Shannon, Stephen, Hybridized discon-
tinuous Galerkin methods for mag-
netohydrodynamics.

Toshniwal, Deepesh, Isogeometric anal-
ysis: Study of non-uniform degree
and unstructured splines, and appli-
cation to phase field modeling of
corrosion.

Department of Mathematics

Issa, Ahmad Issa Khalid, On Seifert
fibered spaces embedding in 4-
space, bounding definite manifolds,
and quasi-alternating Montesinos
links.

Kennedy, Christopher, Fast high dimen-
sional approximation via random
embeddings.

Manjrekar, Mayank, On spatial birth-
death and matching processes, and
Poisson shot-noise fields.

Martin, Lindsay, Methods for solving
Hamilton–Jacobi equations.

Murali, Vaibhav, Non-Archimedean
factorization theorems via factoriza-
tion algebras.

Murphy, James, Coupling and uni-
modularity in stationary settings.

Novack, Matthew, A study of the three-
dimensional quasi-geostrophic sys-
tem.

Piccirillo, Lisa, Knot traces and the
slice genus.

Stolarski, Maxwell, Curvature blow-up
in doubly-warped product metrics
evolving by Ricci flow.

Sulyma, Yuri, Equivariant aspects of
topological Hochschild homology.

Vivas, Herman Agustin, The two mem-
branes problem for fully non-linear
local and non-local operators.

Wang, Haoran, Forward optimization
and real-time adaptation with ap-
plications to portfoliomanagement,
indifference valuation and optimal
liquidation.

Wong, Michael, Diner models and
Hochschild cohomology.

Wu, Yijing, Regularity of fractional
analogue of k-Hessian operators
and a non-local one-phase free
boundary problem.
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Zhao, Xikai, Implicit finite volume
WENO schemes for solving hyper-
bolic conservation laws.

University of Texas at
Dallas (10)

Department of Mathematics

Berezovik, Irina, Classification of
nonlinear vibrations in symmet-
ric molecules: Equivariant degree
method.

Bilson Darku, Francis, Study on param-
eter estimation via multi-stage sam-
pling with applications.

Hooton, Edward, Existence and sta-
bilization of periodic solutions in
equivariant systems.

Huang, Xin, Robust analysis of non-
parametric space-time clustering.

Jevtic, Filip, Combinatorial structure
of finite metric spaces.

Kotinkaduwe Rankothgedara, Lak
Nilusha, Contributions to modeling
and analysis of method comparison
data.

Safin, Artur, Modeling trace gas sen-
sors with the coupled pressure-
temperature equations.

Wadippuliachchige, Lakmi Niwanthi,
Stability, bifurcation, and continua-
tion theory for perturbed sweeping
processes.

Wu, Jiayi, Wavelet analysis of big data
contaminated by large noise in an
fMRI study of neuroplasticity.

Zhang, Lei, A Bayesian hierarchical
framework for pathway analysis in
genome-wide association studies.

UTAH
Brigham Young University (2)

Department of Mathematics

Schoonmaker, Benjamin, Clean indices
of common rings.

Smith, Dallas, Network symmetries,
specializations and spectral proper-
ties.

University of Utah (13)

Department of Mathematics

Brown, Adam, Arakawa–Suzuki func-
tors for Whittaker models.

Carapezza, Leonard, Minimal se-
quences in finite graphs and unique
equilibrium states for some 𝛽𝛼
shifts.

Carvajal-Rojas, Javier, Arithmetic as-
pects of strong F-regularity.

Farre, James, Bounded cohomology of
finitely generated Kleinian groups.

Filipazzi, Stefano, Generalized pairs in
birational geometry.

Handy, Gregory, From particle diffu-
sion to neuronal networks: A multi-
scale study of the astrocytes role in
the brain.

Steffen, Kyle, The difference potentials
method for problems with evolving
geometry and modeling fluid flow
in sea ice.

Tang, Shiang, Algebraic monodromy
groups of L-adic representations of
the Galois group over Q.

Viertel, Ryan, A model of the external
tufted cell and cross fields: Analysis,
computation, applications.

Wang, Dawei, On capacity dimension
of the boundary of CAT (0) spaces.

Wei, Chuanhao, Logarithmic Kodaira
dimension and zeros of holomor-
phic log-one-forms.

Zhu, Hanlei, Change point detection
in heteroscedastic.

Zian-Bjorkman, Leif, Mathematical
models for development of the ze-
brafish lateral line.

Utah State University (2)

Department of Mathematics &
Statistics

Reese, Randall, Feature screening of ul-
trahigh dimensional feature spaces
with applications in interaction
screening.

Zabriskie, Brinley, Methods for meta-
analyses of rare events, sparse data,
and heterogeneity.

VERMONT
University of Vermont (1)

Department of Mathematics &
Statistics

Chen, Kewang, Mathematical analy-
sis of some partial differential equa-
tions with applications.

VIRGINIA
College of William & Mary (6)

Department of Mathematics

Bingham, Adrienna, Controlling infec-
tious disease: prevention and inter-
vention through multiscale models.

Smith, Ronald, Evolution of the
genome-wide distribution of genes
and transposons.

Sweigart, Daniel, Optimization
approaches for open locating-
dominating sets.

Wang, Yan, Persistence and extinc-
tion dyanmics in reaction-diffusion-
advection stream population model
with Allee effect growth.

Weld, Christopher, Computational
graphics and statistical analysis:
mixed type random variables, confi-
dence regions, and golden quantile
rank sets.

Zaytseva, Sofya, Investigation of pat-
tern formation in marine envi-
ronments through mathematical
modeling and analysis of remotely
sensed data.

George Mason University (6)

Department of Mathematical
Sciences

Ales, Thomas, Algebra, combinatorics,
and computation of certain tight
closure invariants in Stanley-Reisner
rings.

Aljuaid, Muniraj, Characterizations of
Bloch-type spaces of harmonic map-
pings.

Gerhart, Matthew, Lubrication theory
interaction with porous media sub-
ject to permeability and boundary
conditions.

Landrove, Marilyn Vazquez, Consis-
tency of density based clustering
and its application to image segmen-
tation.

Department of Statistics

Park, Brandon, Supervised clustering
via an implicit network for high di-
mensional data.

Wang, Jirui, Inferring implicit net-
work structure using generalized
hub models.
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Old Dominion University (3)

Department of Mathematics &
Statistics

Arora, Monika, Extended Poisson
models for count data with inflated
frequencies.

Ledbetter, Mark, Approximation of
quantities of rank test statistics us-
ing almost sure limit theorems.

Matthews, Jennifer, Spatio-temporal
cluster detection and local Moran
statistics of point processes.

University of Virginia (7)

Department of Statistics

Tackett, Maria, Creating fingerprint
databases and a Bayesian approach
to quantify dependencies in evi-
dence.

Department of Mathematics

Echeverria, Mariano, Naturality of the
contact invariant inmonopole Floer
homology under strong symplectic
cobordisms.

Gagne, Matthew, The family index of
the odd signature operator with co-
efficients in a flat bundle.

Islambouli, Gabriel, Parallels between
Heegaard splittings and trisections
of 4-manifolds.

Leonard, Christopher, Categorification
of tensor products of representa-
tions for current algebras and quan-
tum groups.

Phillips, James, Reduction and defor-
mation of one-point Galois covers.

Thomas, Brian, Dyer–Lashof opera-
tions as extensions, and an applica-
tion of H*(BU).

Virginia Commonwealth
University (4)

Department of Mathematics and
Applied Mathematics

Torres, Marcella, Determination of op-
timal parameter estimates for medi-
cal interventions in human metabo-
lism and inflammation.

Department of Statistical Sciences &
Operations Research

Cook, Edward, Group decision-
making.

Soule, David, Forecast combination
with multiple models and expert
correlations.

Vairo, David, Elaborations on Multiat-
tribute Utility Theory (MAUT) dom-
inance.

Virginia Commonwealth
University, Medical Center (9)

Department of Biostatistics

Cao, Yu, Bayesian nonparametric
analysis of longitudinal data with
non-ignorable non-monotonemiss-
ingness.

Di Pace, Brian, Site- and location-
adjusted approaches to adaptive al-
location clinical trial designs.

Gentry, Amanda, Penalized mixed-
effects ordinal response models for
high-dimensional genomic data in
twins and families.

He, Jun, Evaluating and reducing the
effects of misclassification in a se-
quential multiple assignment ran-
domized trial (SMART).

Hochheimer, Camille, Methods for
evaluating dropout attrition in sur-
vey data.

Joseph, Anny-Claude, Assessing the im-
pact of incorporating residential his-
tories into the spatial analysis of can-
cer risk.

Liu, Hangchang, Examining the con-
firmatory tetrad analysis (CTA) as a
solution of the inadequacy of tradi-
tional structural equation modeling
(SEM) fit indices.

Stansfield, John, Methods for joint nor-
malization and comparison of Hi-C
data.

Zirkle, Keith, Estimating causal effects
in the presence of spatial interfer-
ence.

Virginia Polytechnic Institute
and State University (4)

Department of Mathematics

Guo, Ruchi, Immersed finite element
methods and the applications in in-
terface inverse problems.

Lugo, Michael, A combinatorially
explicit relative Mobius function
on affine Grassmannians and a

proposal for an affine infinite sym-
metric group.

Slagel, Joseph, Row-action methods
for solving massive inverse prob-
lems.

Welch, Amanda, Double affine Bruhat
order.

WASHINGTON
University of Washington (19)

Applied Mathematics Department

Caldwell, Trevor, K-spectral sets and
functions of non-normal matrices.

Davis, Brisa, Adjoint-guided adaptive
mesh refinement for hyperbolic sys-
tems of equations.

Manohar, Krithika, Data-driven sensor
placement methods.

Rudy, Sam, Computational methods
for systems identification and data-
driven forecasting.

Sinha, Saumya, Robust dynamic pro-
gramming: Theory and applica-
tions.

Department of Mathematics

Ahlbach, Connor, Applicants of
the cyclic sieving phenomenon
to words, branching rules and
tableaux.

Dorfsman-Hopkins, Gabriel, Projective
geometry for perfectoid spaces.

Swanson, Joshua, Major index sta-
tistics: Cycling sieving, branching
rules, and asymptotics.

Wong, Liang Ze, The Grothendieck
construction in enriched, internal,
and ∞-category theory.

Department of Statistics

Dhar, Amrit, Large-scale B cell recep-
tor sequence analysis using phyloge-
netics and machine learning.

Griffin, Maryclare, Model-based penal-
ized regression.

Gustafson, Adam, Topic in statistics
and convex geometry: Rounding,
sampling, and interpolation.

Han, Qiyang, Topics on least squares
estimation.

Karcher, Michael, Preferential sam-
pling and model checking in phylo-
dynamic inference.
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Li, Zehang, Bayesian methods for
graphical models with limited data.

Meir, Amit, Estimation and testing fol-
lowing model selection.

Mohammed, Kitty, Statistical methods
for manifold recovery and 𝐶(1,1) re-
gression on manifolds.

Tank, Alex, Discovering interaction in
multivariate time series.

Westling, Theodore, Nonparametric
inference on monotone functions,
with applications to observational
studies.

Washington State
University (10)
Department of Mathematics &
Statistics

Albaidani, Mashael, Extensions of non-
negative matrices.

Cao, Yufeng, Experiments in medical
image segmentations.

Chen, Ziyi, Non-nested hypothesis
tests for vine copulas and statistical
learning techniques in process mon-
itoring.

Li, Shan, Computational rheometry
of viscoelastic materials using La-
grangian mesh methods.

Paxton, Laramie, Boundary measures
and cubical covers of sets in 𝑅2.

Riely, Henry, A modified Chang–
Wilson–Wolff inequality via the
Bellman function.

Selmi, Saranah, Hybrid continuous-
discrete methods for reaction-
diffusion processes.

Sweet, Cameron, High school stu-
dent representational adaptivity
and transfer in multiplying poly-
nomials.

Xing, Yan, Tail mutual information of
vine copulas.

Zhao, Jie, Mathematical modeling
and Bayesian parameter estimation
in cancer.

WEST VIRGINIA
West Virginia University (5)
Department of Mathematics

Bidhan, Anaam, Stationary automata.
Hamad, Salah, Boundization clo-
sure and convergence for the ultra

extended complex Banach and
Hilbert spaces with applications.

Horacek, Katherine, Edge colorings of
graphs on surfaces and star edge
colourings of sparse nights.

McCarty, Timothy, Analyzing mathe-
maticians’ concept images of differ-
entials.

Wu, Xiangming, Persistence and char-
acteristics of calculus I students in
STEM.

WISCONSIN
Marquette University (3)

Department of Mathematics,
Statistics, and Computer Science

Hasan, Md Kamrul, Biomarker estima-
tion (BEst): Health biomarker es-
timation noninvasively and ubiqui-
tously.

Williams, Drew, Developing acces-
sible collection and presentation
methods for observational data.

Yu, Xuyong, Evaluating electrode-
tissue contact force using the mov-
ing pattern of the catheter tip and
electrogram characteristics.

Medical College of
Wisconsin (1)

Division of Biostatistics

Tuyishmire, Bonifride, Additivity assess-
ment in nonparametric regression
models.

University of Wisconsin,
Madison (16)

Department of Mathematics

Alberts, Brandon, Galois cohomology
and number field counting.

Chaumont, Hans, Some results on lat-
tice directed polymer models.

Cocke, William, Idle words: word
maps on finite groups.

Hao, Jing, Quasi-quadratic reside
codes and their applications.

Hast, Daniel, Rational points and
unipotent fundamental groups.

Kang, Dae Han, Limiting free energy
and scaling exponents for directed
polymers with inhomogeneous pa-
rameters.

Kim, Jinsu, Stochastically modeled re-
action networks: existence of sta-
tionary distributions and mixing
times.

Kim, Yeoneung, Constrained
Hamilton–Jacobi equations and
further applications via optimal
control theory.

Maguire, Megan, Computing coho-
mology of unordered configuration
spaces of manifolds.

Mark, Benjamin, High-dimentional
network estimation from discrete
event data.

Morrel, Thomas, Mixing by swimming
at intermediate Reynolds number.

Morteza, Peyman, Gluing construction
of Einstein manifolds.

Noack, Christian, Fluctuation expo-
nents and exact solvability of 1+1 di-
mentional directed lattice polymers.

Park, Bae Jun, Linear operators on
Triebel–Lizorkin spaces.

Wang, Jiuya, Malle’s conjecture for
compositum of number fields.

Zhu, Yuhua, Uncertainty quantifica-
tion for Fokker Planck type equa-
tions and related problems in ma-
chine learning.

University of Wisconsin,
Milwaukee (10)

Department of Mathematical
Sciences

Beer, Charles, A stochastic control
model for electricity producers.

Bi, Lijuan, Internal and external har-
monic functions in flat-ring coordi-
nates.

Boddie, Kathryn, A minimal time solu-
tion to the firing squad synchroniza-
tion problem with Von Neumann
neighborhood of extent 2.

Breecher, Nyles, Dynamic pricing with
variable order sizes for amodel with
constant demand elasticity.

Chen, Jingchun, Triebel–Lizorkin
space estimates for evolution equa-
tions with structure dissipation.

Heaton, Alexander, Graded multiplic-
ity in harmonic polynomials from
the Vinberg setting.
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Doctoral Degrees Conferred

Hoft, Jan, The strong law of large
numbers for u-statistics under semi-
parametric random censorship.

Nguyen, Hoang, Large scale geometry
of surfaces in 3-manifolds.

Stojsavljevic Jr, Thomas, Mathematical
modelling and analysis of a phy-
toplankton competition model in-
corporating preferential nutrient up-
take.

TeWinkel, Rachel, Stability analysis
for the equilibria of a monkeypox
model.

WYOMING
University of Wyoming (1)
Department of Statistics
Tellier, Marie-Agnes, Change point
detection and spatio-temporal anal-
ysis of discontinuous sawtooth time
series of regressions using R-INLA:
Examples from the Florida spiny
lobster commercial trap fishery
(1995-2015).

Graduation: an intersection of who 
you are and who you will become.

Graduate Student Members: Is this your big year? If 
you are graduating this year, take advantage of your 
discounted AMS Introductory Membership rate next 
year! This rate is available for five continuous years 
as you transition through your early career. For more 
information, watch for your 2021 membership renewal 
coming this August and receive 25 AMS “points”* 
when you renew as an Intro member!

* Apply points toward the purchase of AMS products, including book 
purchases, and even as a partial payment toward your next membership.purchases, and even as a partial payment toward your next membership.

The AMS will continue to 
support you on your journey!
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Mathematics departments exist in many shapes and sizes, 
offering undergraduate curricula that are a complex blend 
of theoretical, applied, and engineering mathematics, 
statistics, data and actuarial science, and mathematics 
education. Additionally, faculty respond to the skills and 
experience of the students they serve, who may come to 
college from rigorous pre-college programs, from high 
schools providing minimal college preparation, or some 
combination of the two. We prepare students for careers 
in education, business, industry, government, and other 
disciplines both in and out of STEM, as well as for life in a 
data-driven world. Despite this range of context and focus, 
mathematics programs share a common responsibility for 
providing relevant service courses in mathematics for stu-
dents across the institution, collaborating with colleagues 
in engineering, science, and social science on calculus and 
statistics sequences, and, of course, attending to the needs 
of our own majors.

Because each mathematics program has a unique set 
of challenges, each department’s goals balance a complex 
set of priorities ranging from modernizing curricula, to 
attracting and including diverse students and faculty, to 
incorporating technology and meeting the changing needs 
of disciplines and industries that depend on quantitative 
and computational skills and reasoning. The mathematics 
community has long been a collaborative enterprise in 
which professional societies, universities, and departments 
work in concert, using a robust set of practices for self-study 
and external review to evaluate and improve mathematics 
programs. This work is done in the context of the institu-
tion’s mission and considering program recommendations 
and guidelines that have been issued over the years by 
the mathematical societies that belong to the Joint Policy 
Board for Mathematics: MAA, AMS, ASA, and SIAM. These 
long-standing practices have allowed mathematics educa-
tion to be agile, responding to the changing expectations 
of society, industry, and the academy.

The Joint Policy Board for Mathematics (JPBM) has represen-
tatives from the American Mathematical Society (AMS), the 
Society for Industrial and Applied Mathematics (SIAM), the 
Mathematical Association of America (MAA), and the Ameri-
can Statistical Association (ASA). This group discusses matters 
of mutual interest. JPBM launched Math and Stats Awareness 
Month and awards the annual JPBM Communications Award. 

In 2019, JPBM invited guest representatives from an accred-
iting organization called ABET to one of its meetings. ABET 
(abet.org) is a nonprofit, non-governmental agency that 
accredits programs in applied and natural science, computing, 
engineering, and engineering technology. It has recently begun 
offering accreditation for undergraduate programs in applied 
mathematics. ABET came to the JPBM to describe this new 
accreditation program.

This visit resulted in a letter from JPBM to ABET expressing 
our collective concerns about their accreditation program for 
undergraduate programs in applied mathematics. Each of the 
four JPBM societies is communicating to its members about 
our action. We provide two items for consideration by the AMS 
membership. First, we offer a preface authored by the Chair of 
the AMS Committee on Education, Katherine Stevenson, and 
the AMS Director of Education, Abbe Herzig, who were asked 
to provide some context for our AMS community. Finally, a 
copy of the letter JPBM sent to ABET concludes our report. The 
JPBM letter was signed by Executive Director Catherine Roberts 
on AMS letterhead on behalf of the entire JPBM, because at the 
time the AMS was the chairing member society.

Report on Activity 
from the Joint Policy 
Board for Mathematics
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The quality improvement ap-
proaches of the JPBM societies and 
those of ABET have many similar-
ities. Both processes aim to pro-
mote equity and best practice in 
education-based disciplinary stan-
dards, and both involve intensive 
self-assessment by programs, culmi-
nating in a site visit by an external 
review team. There are important 
differences, however, as well. For ex-
ample, while ABET-accredited pro-
grams meet common quality stan-
dards, the societies’ program review 
processes customize assessment to 
the specific curricular goals, popu-
lations, and service requirements of 
individual programs. Before engag-
ing with ABET accreditation, pro-
grams in the mathematical sciences 
and the professional societies that 
guide them may want to consider:

Which approach is most consis-
tent with the goals of continu-
ous program improvement and 
equity that are fundamental to 
modern post-secondary mathe-
matics education?

Which approach has the flex-
ibility and agility to support 
educational quality across the 
diverse mathematics education 
ecosystem?

The AMS Department of Educa-
tion and the AMS Committee on 
Education respect and share ABET’s 
goal of ensuring that students have 
the best educational experiences 
possible. We welcome discussion 
within the mathematical sciences 
communities about the most ef-
fective way to ensure high-qual-
ity, equitable access and outcomes 
for all students in post-secondary 
mathematics education.

201 Charles Street, Providence, RI 02904-2213 USA  |  www.ams.org 

Catherine A. Roberts, PhD 
Executive Director 

 
croberts@ams.org 

401.455.4100 
 

 
August 19, 2019 
 
 
Dr. Michael Milligan, Executive Director 
ABET 
415 North Charles Street 
Baltimore, MD 21201 
 
Dear Dr. Milligan: 
 
First, we want to thank you for your visit to the May 2 meeting of the Joint Policy Board for Mathematics 
(JPBM).  All of us appreciate your willingness to share an overview of ABET's work, and in particular ABET's 
recent moves to include accreditation of applied mathematics programs under the General Criteria of ABET's 
Applied and Natural Science Accreditation Commission. 
 
As you know, JPBM is a collaborative effort of the American Mathematical Society (AMS), the American 
Statistical Association (ASA), the Mathematical Association of America (MAA), and the Society for Industrial 
and Applied Mathematics (SIAM). 
 
JPBM shares ABET's long-standing interest in supporting institutions in maintaining and improving the quality 
of undergraduate education.  Your focus on student learning outcomes, in particular, aligns with guidelines 
that JPBM member societies have developed through extensive efforts involving faculty across a wide variety of 
institutions. 
 
In fact, the mathematical sciences community is committed to continuing to support our members, and their 
institutions to learn from evidence-based practices, both within mathematics and beyond, to improve the 
quality of undergraduate programs in the mathematical sciences.  This is accomplished through a variety of 
mechanisms including long-standing guidelines for self-study and external evaluation.  We carry out this work 
both as individual societies and collectively so that we can productively leverage efforts across organizational 
boundaries, and demonstrate the common focus of our recommendations to diverse institutions and 
programs. 
 
It is because of our commitment to these efforts that we are concerned about ABET's initial steps to include 
applied mathematics programs among those that you offer some form of accreditation.  We believe that such 
efforts will create confusion around what guidelines, and what kinds of program review, constitute appropriate 
quality control in the mathematical sciences. 
 
We hope that ABET will recognize our shared interest in maintaining consistent understanding for managing 
program review and improvement, and refer mathematics programs who approach ABET to the existing work 
of JPBM members societies.  We believe this will better serve the institutions we all serve, and strengthen the 
ability of mathematics programs that are also critical to those programs for which ABET has long-standing 
leadership. 
 
Sincerely, 

 
Catherine A. Roberts 
on behalf of the Joint Policy Board for Mathematics 
 
CAR:sjr 
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Beilinson and Kazhdan 
Awarded 2020 Shaw Prize

COMMUNICATION

Citation for Beilinson and Kazhdan
Alexander Beilinson and David Kazhdan are two mathe-
maticians who have made profound contributions to the 
branch of mathematics known as representation theory but 
who are also famous for the fundamental influence they 
have had on many other areas, such as arithmetic geometry, 
K-theory, conformal field theory, number theory, algebraic 
and complex geometry, group theory, and algebra more 
generally. As well as proving remarkable theorems them-
selves, they have created conceptual tools that have been 
essential to many breakthroughs of other mathematicians. 
Thanks to their work and its exceptionally broad reach, 
large areas of mathematics are significantly more advanced 
than they would otherwise have been.

Group theory is intimately related to the notion of sym-
metry, and one can think of a representation of a group as 
a “description” of it as a group of transformations, or sym-
metries, of some mathematical object, usually linear trans-
formations of a vector space. Representations of groups are 
important, as they allow many group-theoretic problems 
to be reduced to problems in linear algebra, which is well 
understood. They are also important in physics because, 

for example, they describe how the symmetry group of a 
physical system affects the solutions of equations describing 
that system, and the representations also make the symme-
try group better understood. In loose terms, representation 
theory is the study of the basic symmetries of mathematics 
and physics. Symmetry groups are of many different kinds: 
finite groups, Lie groups, algebraic groups, p-adic groups, 
loop groups, adelic groups. This may partly explain how 
Beilinson and Kazhdan have been able to contribute to so 
many different fields.

One of Kazhdan’s most influential ideas has been the 
introduction of a property of groups that is known as 
Kazhdan’s property (T). Among the representations of a 
group there is always the not very interesting “trivial rep-
resentation,” where we associate with each group element 
the “transformation” that does nothing at all to the object. 
While the trivial representation is not interesting on its 
own, much more interesting is the question of how close 
another representation can be to the trivial one. Property 
(T) gives a precise quantitative meaning to this question. 
Kazhdan used Property (T) to solve two outstanding ques-
tions about discrete subgroups of Lie groups. Since then it 
has had important applications to group representation 
theory, lattices in algebraic groups over local fields, ergodic 
theory, geometric group theory, expanders, operator alge-
bras and the theory of networks, and has been recognized 
as a truly fundamental concept in representation theory.

After this first breakthrough, Kazhdan solved several 
other outstanding problems about lattices in Lie groups 
and representation theory, such as the Selberg conjecture 
about nonuniform lattices and the Springer conjecture on 
the classification of affine Hecke algebras.

While working with George Lusztig on this last problem, 
Kazhdan introduced an important family of polynomials, 
as well as formulating a very influential pair of (equivalent) 
conjectures. One of Alexander Beilinson’s achievements 
was to prove these conjectures with Joseph Bernstein. (They 

The Shaw Foundation has announced the awarding of the 2020 Shaw Prize to Alexander Beilinson of the University 
of Chicago and David Kazhdan of the Hebrew University of Jerusalem “for their huge influence on and profound 
contributions to representation theory, as well as many other areas of mathematics.”

Alexander Beilinson David Kazhdan
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were also proved independently by Jean-Luc Brylinski and 
Masaki Kashiwara.) The methods introduced in this proof 
led to the area known as geometric representation theory, 
an area that Kazhdan also played an important part in de-
veloping, which aims to understand the deeper geometric 
and categorical structures that often underlie group repre-
sentations. The resulting insights have been used to solve 
several open problems.

Another famous concept, this one established by Beil-
inson, Bernstein, and Pierre Deligne, is that of a perverse 
sheaf. It is not feasible to give a nontechnical explanation 
of what a perverse sheaf is—one well-known account begins 
by helpfully stating that it is neither perverse nor a sheaf—
but it is another concept that can be described as a true 
discovery, in that it has a far from obvious definition, but it 
is now seen to be “one of the most natural and fundamental 
objects in topology” (to quote from the same account). One 
of the central goals of mathematics, the Langlands program, 
has been deeply influenced by this concept. For example, 
the whole work of Ngô on the “fundamental lemma” and 
the contributions of Laurent and Vincent Lafforgue (all 
three of them major prizewinners for this work) would 
have been unthinkable without it. Kazhdan too has brought 
extraordinary mathematical insight into this circle of ideas. 
By pointing out that orbital integrals could be interpreted 
as counting points on certain algebraic varieties over finite 
fields, he and Lusztig opened the way to the proof of the 
fundamental lemma, and since then Kazhdan has had and 
continues to have an enormous influence on the subject. 
Beilinson is also famous for formulating deep conjectures 
relating L-functions and motivic theory, which have com-
pletely changed the understanding of both topics and led 
to an explosion of related work.

Beilinson and Kazhdan are at the heart of many of the 
most exciting developments in mathematics over the last 
few decades, developments that continue to this day. It 
is for this that they are awarded the 2020 Shaw Prize in 
Mathematical Sciences.

Biographical Sketches
Alexander Beilinson was born in 1957 in Moscow and 
received his PhD in 1988 from the Landau Institute of The-
oretical Physics, advised by Yuri Manin. He was a researcher 
at the Landau Institute from 1987 to 1993 and professor of 
mathematics at the Massachusetts Institute of Technology 
from 1988 to 1998, when he joined the University of Chi-
cago. His research interests, along with representation the-
ory, include algebraic geometry and mathematical physics. 
He was awarded the Moscow Mathematical Society Prize in 
1985, the Ostrowski Prize (with Helmut Hofer) in 1999, 
and the Wolf Prize (with Vladimir Drinfeld) in 2018. He 
is a member of the US National Academy of Sciences and 
the American Academy of Arts and Sciences.

David Kazhdan was born in Moscow in 1946. He 
received a Kandidat Degree in 1969 from Moscow State 

University under the direction of Alexandre Kirillov. He 
left the Soviet Union in 1975 to take a position at Harvard 
University, where he is now professor emeritus. He moved 
to Israel in 2002. He received the Rothschild Prize in 2010; 
the Israel Prize, the country’s highest honor, in 2012; and 
the EMET Prize in Exact Sciences (with Joseph Bernstein) 
in 2016. He was a MacArthur Fellow from 1990 to 1995. 
He was doctoral advisor to Vladimir Voevodsky, who won 
the Fields Medal in 2002. Kazhdan is a member of the US 
National Academy of Sciences, the American Academy of 
Arts and Sciences, and the Israel Academy of Sciences.

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:

 • Michel Talagrand (2019)
 • 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. Hamil-

ton (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

Credits
Photo of Alexander Beilinson is courtesy of the University of 

Chicago.
Photo of David Kazhdan is courtesy of the Hebrew University 

of Jerusalem.
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Mathematics People

Moser and Tardos Awarded 
2020 Gödel Prize

Robin A. Moser of Circular Capi-
tal and Gábor Tardos of the Alfréd 
Rényi Institute of Mathematics have 
been awarded the 2020 Gödel Prize 
“for their algorithmic version of the 
Lovász Local Lemma in their paper, 
“A Constructive Proof of the General 
Lovász Local Lemma,” Journal of the 
ACM 57 (2010), no. 2.

The prize citation reads as follows: 
“The Lovász Local Lemma (LLL) is a 
fundamental tool of the probabilis-
tic method. It enables one to show 
the existence of certain objects even 
though they occur with exponentially 
small probability. The original proof 
was not algorithmic, and subsequent 
algorithmic versions had significant 
losses in parameters. This paper pro-
vides a simple, powerful algorithmic 
paradigm that converts almost all 

known applications of the LLL into randomized algorithms 
matching the bounds of the existence proof. The paper fur-
ther gives a derandomized algorithm, a parallel algorithm, 
and an extension to the ‘lopsided’ LLL.

“The new algorithmic paradigm involves resampling 
variables that cause bad events. Such resampling was sub-
sequently used in numerous other papers, including ones 
that don’t directly relate to the LLL. Moreover, the paper 
provides an elegant proof of correctness involving witness 
trees. Witness trees have been influential well beyond the 
LLL, inspiring the ‘entropy compression’ method in com-
binatorics. Overall, the paper’s power and simplicity make 
it a far-reaching achievement.” 

Robin Moser received his PhD in 2012 from ETH Zurich, 
where he was a member of the research group of Emo Welzl. 
He held internships with the European Organization for 
Nuclear Research (CERN) in Geneva and with Microsoft 
Research in Redmond, Washington. Since 2013, he has 

Radchenko Awarded 
2020 Popov Prize

Danylo V. Radchenko of the Institute 
for Mathematical Research, ETH Zu-
rich, has been awarded the 2020 Vasil 
A. Popov Prize “for his outstanding 
contributions to approximation the-
ory, in particular, to the theory of 
spherical designs.” According to the 
prize citation, he, along with An-
driy V. Bondarenko and Maryna S. 
Viazovska, “settled a long-standing 
conjecture by Korevaar and Meyers 

on optimal asymptotic bounds for spherical t-designs.” In 
a joint paper with Henry Cohn, Abhinav Kumar, Stephen 
D. Miller, and Viazovska, he “proved the optimality of the 
Leech lattice among all 24-dimensional sphere packings.” 
He has also contributed to the theory of shape-preserving 
approximation and to nonuniform sampling theory in re-
lation to Fourier analysis. Radchenko also works in number 
theory, in particular, on Dedekind zeta functions and on 
cross-ratios related to the work of Goncharov. Radchenko 
received his PhD from the University of Bonn in 2016 under 
the supervision of Don Zagier.

The prize recognizes distinguished research accom-
plishments in approximation theory and related areas of 
mathematics. It carries a cash award of 2,000 euros (ap-
proximately US$2,300).

—Albert Cohen, Chair, Popov Prize Committee

Danylo V. Radchenko Robin A. Moser

Gábor  Tardos
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recipient of a 2012 Killam Teaching Prize in the Faculty of 
Science at UBC.

—From a PIMS announcement

Dwork Awarded Knuth Prize
Cynthia Dwork of Harvard University has been awarded 
the 2020 Knuth Prize “for fundamental and lasting con-
tributions to computer science.” According to the prize 
citation, “her research has transformed several fields, most 
notably distributed systems, cryptography, and data privacy, 
and her current work promises to add fairness in algorith-
mic decision making to the list. She is widely known for 
the introduction and development of differential privacy, 
and for her work on nonmalleability, lattice-based encryp-
tion, concurrent composition, and proofs of work.” Dwork 
received her PhD from Cornell University in 1983. She is a 
Fellow of the American Academy of Arts and Sciences and 
a member of the National Academy of Sciences. 

The Knuth Prize is awarded by the Association for 
Computing Machinery (ACM) Special Interest Group on 
Algorithms and Computation Theory and the IEEE Tech-
nical Committee on the Mathematical Foundations of 
Computing to recognize major research accomplishments 
and contributions to the foundations of computer science 
over an extended period of time.

—From an ACM/IEEE announcement

2020 Balaguer Prize Awarded
The 2020 Ferran Sunyer i Balaguer Prize has been awarded 
to two monographs. Urtzi Buijs of the University of 
Málaga, Yves Félix of the Catholic University of Louvain, 
Aniceto Murillo of the University of Málaga, and Daniel 
Tanré of the University of Lille were honored for their 
monograph Lie Models in Topology. Giovanni Catino of 
Politecnico di Milano and Paolo Mastrolia of Universitá 
degli Studi di Milano were honored for their monograph 
A Perspective on Canonical Riemannian Metrics.

The prize is awarded for an unpublished mathematical 
monograph of an expository nature presenting the latest de-
velopments in an active area of research in mathematics in 
which the applicant has made important contributions. The 
prize carries a cash award of 15,000 euros (approximately 
US$17,000). The winning monograph will be published 
in Birkhäuser’s series Progress in Mathematics.

—From a Balaguer Foundation announcement

worked developing trading software and as a quantitative 
analyst for Circular Capital in the Basel area in Switzerland.

Gábor Tardos received his PhD in mathematics from 
Eötvös University in 1988. He held postdoctoral positions 
at the University of Chicago, Rutgers University, the Uni-
versity of Toronto, and the Institute for Advanced Study. He 
was a Canada Research Chair of discrete and computational 
geometry at the Simon Fraser University from 2005 to 2013. 
He has been a research fellow at the Alfréd Rényi Institute 
of Mathematics in Budapest since 1991, and also currently 
holds a position at Central European University.

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 
recognizes his major contributions to mathematical logic 
and the foundations of computer science.

—Gödel Prize announcements

Leung Receives 
PIMS Education Award

Fok-Shuen Leung of the University 
of British Columbia has been se-
lected the recipient of the 2020 Edu-
cation Award of the Pacific Institute 
of Mathematical Sciences (PIMS). 
The prize citation reads: “Dr. Leung 
is invested in encouraging activities 
which enhance public awareness 
and appreciation of mathematics, 
as well as fostering communication 
among various groups and organi-

zations concerned with mathematical training. Dr. Leung’s 
ability to connect with students, organize, and innovate 
are amplified in his role as Academic Director, First Year 
Experience. Additionally, PIMS wishes to acknowledge Dr. 
Leung’s important contribution to creating quality, trans-
formative teaching preparation for mathematics graduate 
students. His involvement with the TA Accreditation Pro-
gram, a sixty-hour program that he started in 2010, offers 
professional development for TAs beyond the department’s 
requirements. These initiatives are now modeled in similar 
programs at the University of Waterloo and the University 
of Toronto.” Leung tells the Notices: “I studied math and 
music as an undergrad. The music part still comes in handy. 
I often find myself using  music to ‘back into’ math, espe-
cially in classes or office hours that have stalled....” Leung 
received his PhD from the University of Oxford and is the 

Fok-Shuen Leung
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Credits 
Photo of Danylo V. Radchenko is courtesy of Monika Krichel, 

ETH Zurich.
Photo of Gábor Tardos is courtesy of RTM PIX Kft.
Photo of Fok-Shuen Leung is courtesy of the University of 

British Columbia.

Ford Foundation 
Fellows Announced
The Ford Foundation Fellowship Program has announced 
the names of 132 scholars who have received predoctoral, 
dissertation, and postdoctoral fellowships in all areas of 
scholarship in 2020. Alex Kapiamba of the University of 
Michigan, Ann Arbor, was awarded a predoctoral fellowship 
in theoretical mathematics. 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 
can and will use diversity as a resource for enriching the 
education of all students.

—From a Ford Foundation announcement

A European Mathematical Society book series edited by Habib Ammari, Alexander 
Gorodnik (Managing Editor), Urs Lang (Managing Editor) and Michael Struwe. 

Mathematics in Zürich has a long and distinguished tradition, in which the writing of 
lecture note volumes and research monographs play a prominent part. The Zürich 
Lectures in Advanced Mathematics series aims to make some of these publications 
better known to a wider audience.
The series has three main constituents: lecture notes on advanced topics given by 
internationally renowned experts; graduate textbooks designed for the joint graduate 
program in mathematics of the ETH and the University of Zürich; and contributions from 
researchers in residence.
Moderately priced, concise and lively in style, the volumes of this series will appeal to 
researchers and students alike, who seek an informed introduction to important areas of 
current research.

T. Fisher and B. Hasselblatt | Hyperbolic Flows (2019) | ISBN 978-3-03719-200-9 | 737 pp. | $88
A. Thomas | Geometric and Topological Aspects of Coxeter Groups and Buildings (2018) | ISBN 978-3-03719-189-7 | 160 pp. | $39
W. Schachermayer | Asymptotic Theory of Transaction Costs (2017) | ISBN 978-3-03719-173-6 | 160 pp. | $38
A. Figalli | The Monge–Ampère Equation and Its Applications (2017) | ISBN 978-3-03719-170-5 | 210 pp. | $42
S. Serfaty | Coulomb Gases and Ginzburg–Landau Vortices (2015) | ISBN 978-3-03719-152-1 | 165 pp. | $38

European Mathematical Society – EMS – Publishing House GmbH 
Institut für Mathematik | Technische Universität Berlin | Straße des 17. Juni 136 | 10623 Berlin | Germany
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Listings for upcoming mathematics opportunities to appear in Notices may be submitted to notices@ams.org.

to ensure that at least one fellowship is awarded for the 
2021–2022 academic year.

Deadline: The deadline for receipt of applications is De-
cember 1, 2020. The award recipient will be announced in 
February 2021 or earlier, if possible.

Application information: Find Centennial application 
information at https://www.ams.org/programs/ams 
-fellowships/centennial-fellow/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.

A list of previous fellowship winners can be found 
at www.ams.org/profession/prizes-awards/ams 
-awards/centennial-fellow. 

—AMS Professional Programs Department

American Mathematical Society 
Joan and Joseph Birman Fellowship

Invitation for Applications for Awards for 2021–2022
Deadline December 1, 2020

Description: The Joan and Joseph Birman Fellowship 
for Women Scholars is a mid-career research fellowship 
specially designed to fit the unique needs of women. The 
fellowship is open only to women and was established in 
2017, made possible by a generous gift from Joan and Jo-
seph Birman. One fellowship in the amount of US$50,000 
will be awarded for the 2021–2022 academic year. 

Eligibility: 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-established 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 de-
velopment of their research careers. Candidates must have a 
carefully thought-through research plan for the fellowship 

American Mathematical Society 
Centennial Fellowship

Invitation for Applications for Awards for 2021–2022
Deadline December 1, 2020

Description: The AMS Centennial Research Fellowship 
Program makes an award annually to an outstanding math-
ematician to help further his or her career in research. The 
primary selection criterion for the Centennial Fellowship 
is the excellence of the candidate’s research. The fellowship 
to be awarded for 2021–2022 will be in the amount of 
US$50,000.

Eligibility: The eligibility rules are as follows: 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 Fellowship, NSF Postdoctoral 
Fellowship, or CAREER Award. Under normal circum-
stances, the fellowship cannot be deferred. A recipient of 
the fellowship shall have held his or her doctoral degree 
for at least three years and not more than twelve years at 
the inception of the award (that is, must have been received 
between September 1, 2009, and September 1, 2018). 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 
of their research careers. Work in all areas of mathematics, 
including interdisciplinary work, is eligible.

The number of fellowships to be awarded is small and 
depends on the amount of money contributed to the pro-
gram. The Society will supplement contributions as needed 

http://www.ams.org/profession/prizes-awards/ams-awards/centennial-fellow
http://www.ams.org/profession/prizes-awards/ams-awards/centennial-fellow
https://www.ams.org/programs/ams-fellowships/centennial-fellow/emp-centflyer/
https://www.ams.org/programs/ams-fellowships/centennial-fellow/emp-centflyer/
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The AMS Short Course Committee encourages proposals 
that may extend the traditional course in subject and/or 
methodology. Proposals may, for example, focus on topics 
related to applications in industry, business, economics and 
social sciences, health and medical care, entrepreneurship, 
public policy, and others. Proposals may also contain a 
training component on programming and coding (e.g., 
R or Python), which coordinates well pedagogically with 
the rest of the course. Overall, the Committee welcomes 
expressions of interest and creative proposals that will have 
wide appeal.

The AMS Short Course Committee is exploring flexi-
ble delivery methods for the course. This might include 
online presentations, recorded lectures available after the 
course, live stream Q&A sessions, online breakout discus-
sion groups, and others. Suggestions by the proposers are 
encouraged. 

An expression of interest may be as short as one page. 
Members of the community are also encouraged to nomi-
nate organizer-topic pairs. More detailed guidance is avail-
able in the Short Course Manual at the website https://
www.ams.org/meetings/short-courses/2020_Short 
_Course_Manual.pdf. Expressions of interest, nomina-
tions, and proposals should be sent to the AMS Associate 
Executive Director (aed-mps@ams.org) with a cc to Robin 
Hagan Aguiar (rha@ams.org). For full consideration, pro-
posals should be submitted by December 18, 2020.

Audience and Topical Focus: The mathematical back-
ground, knowledge, and experience of the participants vary 
greatly: from novice to specialist, from graduate student 
(or even undergraduate or high school student) to senior 
professor, from college (two-year or four-year) teacher 
to researcher or industrial practitioner. That said, a short 
course targeted to individuals with a solid background in 
undergraduate mathematics is most likely to draw interest 
and satisfy participants. Lectures overall should be coherent 
in terms of theme, terminology, and notation; the speak-
ers need to keep in mind that their audience consists of 
nonspecialists, and each talk should begin with ideas that 
are readily accessible to everyone. Ideally, lectures lead to 
an indication of the “state of the art,” but in a way that 
acknowledges challenging aspects without placing too 
many technical or conceptual roadblocks in the way of 
the participants.

—AMS announcement

Call for Nominations  
for Poincaré Prize

The Henri Poincaré Prize is awarded for outstanding contri-
butions in mathematical physics and contributions that lay 
the groundwork for novel developments in the field. The 

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, child care support, or support to attend special 
research programs.

Deadline: Applications are accepted starting September 
1, 2020. The deadline for receipt of applications is De-
cember 1, 2020. The award recipient will be announced 
in February 2021.

Application information: Find Birman application infor-
mation at www.ams.org/programs/ams-fellowships 
/Birman-fellow. For questions, contact the Professional 
Programs Department, American Mathematical Society, 201 
Charles Street, Providence, RI 02904-2213; prof-serv@
ams.org; 401-455-4096.

—AMS Professional Programs Department

Call for Proposals:  
Organizing the 2022 Short Course

The AMS Short Course Subcommittee (SHORTCOURS) 
invites expressions of interest and proposals to organize 
the Society’s Short Course to be offered January 3–4, 2022, 
in coordination with the 2022 Joint Mathematics Meetings 
(JMM) in Seattle, Washington.

The Short Course provides an unparalleled opportunity 
to introduce an exciting, current area of applied mathemat-
ics to a broad audience of students, faculty, researchers, 
and other practitioners. It is also anticipated that the pro-
ceedings of the Short Course will be published in the AMS 
series Proceedings of Symposia in Applied Mathematics.

Typically incorporating a sequence of survey lectures 
and other activities focused on a single theme of applied 
mathematics, the course takes place during the two days 
immediately preceding JMM. The course’s theme may be 
cutting-edge or more established, and its goal is to provide 
professional and in-training mathematicians an introduc-
tion that can:

 • Satisfy the curiosity of those who are new to the topic
 • Provide an entrée to a new research topic
 • Inspire new methods of problem solving
 • Be part of the participants’ professional development 

and continuing education
The venue presents the organizers with a time frame long 
enough for newcomers to a topic in applied mathematics 
to reach insights about the state of the art, but at the same 
time short enough to fit the typical participant’s schedule 
and attention. 

http://www.ams.org/programs/ams-fellowships/Birman-fellow
http://www.ams.org/programs/ams-fellowships/Birman-fellow
https://www.ams.org/meetings/short-courses/2020_Short_Course_Manual.pdf
https://www.ams.org/meetings/short-courses/2020_Short_Course_Manual.pdf
https://www.ams.org/meetings/short-courses/2020_Short_Course_Manual.pdf
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2020 SACNAS Conference

The Society for Advancement of Chicanos/Hispanics and 
Native Americans in Science (SACNAS) 2020 National 
Diversity in STEM Conference is planned for October 
22–24, 2020, in Long Beach, California. As of time of 
publication, the conference is still scheduled. For details 
and updates, see https://www.sacnas.org/what-we-do 
/conference/. 

  —From a SACNAS announcement

News from AIM

The American Institute of Mathematics (AIM) is accepting 
applications for the following scientific programs sup-
porting research in all areas of the mathematical sciences, 
including applied, pure, and interdisciplinary studies. 

Focused Workshop Program. These week-long workshops 
are distinguished by their specific mathematical goals. This 
may involve making progress on a significant unsolved 
problem or examining the convergence of two distinct areas 
of mathematics. Funding for travel and accommodation is 
provided. Researchers may apply to attend an upcoming 
AIM workshop or may propose one. The deadline is No-
vember 1, 2020. A list of upcoming workshops is available 
at www.aimath.org/workshops/upcoming.

SQuaREs Program. Structured Quartet Research Ensem-
bles (SQuaREs) bring together groups of four to six re-
searchers for a week of focused work on a specific research 
problem, returning for up to three consecutive years. The 
application deadline is November 1, 2020.

For more information on both programs, see www 
.aimath.org .

—Brian Conrey, AIM

Starting Fall 2020: New BS in 
Applied and Computational 
Mathematics at WCSU

After a thorough study of best practices for developing new 
applied math programs from prevalent organizations such 
as TPSE Math, SIAM, PCMI, NSF, and others, as well as a 
long process of discussion with colleagues and other con-
stituents and bringing the degree through university and 
state governance, Western Connecticut State University’s 
(WCSU) Math Department is pleased to announce that it 
now offers a BS in Applied and Computational Mathemat-
ics. The degree has three options, namely Mathematics of 
Data Science and Machine Learning, Actuarial Science, and 
Applied Differential Equations and Scientific Computing.

prize recognizes  young people of exceptional promise who 
have already made outstanding contributions to the field 
of mathematical physics. The deadline for nominations for 
the 2021 prize is September 30, 2020. See www.iamp.org 
/page.php?page=page_prize_poincare.

—International Association of Mathematical Physics announcement

Ford Foundation Fellowships

The Ford Foundation awards predoctoral, dissertation, and 
postdoctoral fellowships for study in research-based PhD 
or ScD programs. The deadlines for the 2021 competition 
are December 10, 2020, for dissertation and postdoctoral 
fellowships and December 17, 2020, for predoctoral 
fellowships. For more information see https://sites 
.nationalacademies.org/pga/fordfellowships 
/index.htm.

—From Ford Foundation announcements

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://awm-math.org 
/awards/awm-grants/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 Novem-
ber 16, 2020. For more information, see www.claymath 
.org/programs/fellowship-nominations. 

—From a Clay Mathematics Institute announcement

http://www.iamp.org/page.php?page=page_prize_poincare
http://www.iamp.org/page.php?page=page_prize_poincare
https://sites.nationalacademies.org/pga/fordfellowships/index.htm
https://sites.nationalacademies.org/pga/fordfellowships/index.htm
https://sites.nationalacademies.org/pga/fordfellowships/index.htm
https://awm-math.org/awards/awm-grants/travel-grants
https://awm-math.org/awards/awm-grants/travel-grants
http://www.claymath.org/programs/fellowship-nominations
http://www.claymath.org/programs/fellowship-nominations
http://www.aimath.org
http://www.aimath.org
www.aimath.org/workshops/upcoming
https://www.sacnas.org/what-we-do/conference/
https://www.sacnas.org/what-we-do/conference/
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attend. Our audience includes people from Panama, Ar-
gentina, Spain, Venezuela, Mexico, United States, Brazil, 
Bolivia, Peru, Colombia, Portugal, Chile, Costa Rica, and 
many other countries. It is overwhelming to see how the 
mathematical outreach efforts of FUNDAPROMAT are 
reaching the international community!

As soon as the registration link opens for our Virtual 
Origami Classes, kids and adults alike rush to secure a 
spot. During these classes, origami artists such as Deanna 
Kwan, Matthew Green, and Leyla Torres connect the art 
of folding paper with mathematics. The Webinars on Fun 
Math Activities, organized together with the Julia Robinson 
Mathematics Festival (JRMF), are among the most popular 
virtual events. Once a week for one hour, we brainstorm 
ideas on how to solve an entertaining math activity in a 
collaborative environment, while discovering the beauty 
and richness of mathematics. Together with the Mathemat-
ical Association of America (MAA), FUNDAPROMAT runs 
Cubed: The Rubik’s Cube Camp, which is a summer series 
in which professional speedcuber Sydney Weaver shares 
puzzle history, teaches solving techniques, and describes 
math applications of the cube.

The Virtual Encounters with Outstanding Mathemati-
cians take place every 2 weeks, with a female mathema-
tician as our invited speaker. Exceptional women, such 
as Julia Plavnik from Argentina, Adriana Salerno from 
Venezuela, Alicia Prieto Langarica from Mexico, and Marta 
Macho-Stadler from Spain, share anecdotes of their per-
sonal lives and their professional journeys as female math-
ematicians and present on interesting math topics that are 
accessible to a general audience. For example, some of their 
presentations include “The Game of SET,” “Math without 
Numbers,” “The Mathematics of Secrets,” and many more.

Every month FUNDAPROMAT organizes Virtual Maths-
Jams in Panama, which give math enthusiasts the oppor-
tunity to spend some quality time with like-minded indi-
viduals while solving challenging math puzzles. Mondays 
and Fridays are famous for FUNDAPROMAT’s Webinars on 
interesting math topics given by prominent international 
mathematicians. Well-known experts, such as Adrian 
Paenza from Argentina, Federico Ardila from Colombia, 
Tiago Hirth from Portugal, and Eduardo Saenz de Cabe-
zon from Spain, share their passion for mathematics by 
exploring how math can be found everywhere. Some of the 
exciting topics presented include “Math and Magic,” “Math 
and Games of Ingenuity,” “Latin Music and Math,” “Math 
and Probability Games,” and many more. 

The Panamanian Foundation for the Promotion of 
Mathematics (FUNDAPROMAT) invites you to get in-
volved. You can volunteer to be an invited speaker at one 
of our virtual events, which are free and open to the general 
public. You can donate funds to cover the expenses of run-
ning the foundation. You can mail us math puzzles to use 
in our activities. You can share ideas on how to improve 

A fundamental part of WCSU’s mission is to offer un-
dergraduate and graduate programs that weave together 
liberal arts and professional education and instill a desire 
for lifelong learning.

This unique degree supports this mission and was de-
signed to:
• Provide students with a strong theoretical background.
• Address current trends (Option: Mathematics of Data 

Science and Machine Learning).
• Take into account the geographical region encompass-

ing New York City, Boston, Hartford, and surrounding 
counties (Option: Actuarial Science).

• Take into account the specializations/qualifications of 
the current faculty within the mathematics department 
and university at large (Option: Applied Differential 
Equations and Scientific Computing).

• Maximize WCSU’s existing resources of excellent facil-
ities and computational tools.

• Require students to obtain an internship or work on 
undergraduate research projects with faculty.

The department also offers BA and MA degrees in Mathe-
matics as well as a BS in Secondary Education Math degree, 
the latter in collaboration with the Education department.  
Further info about the math department can be found at 
https://www.wcsu.edu/math/. For any questions about 
the BS in Applied and Computational Mathematics please 
contact either Stavros Christofi (christofis@wcsu.edu) 
or Michael Shoushani (shoushanim@wcsu.edu).

—Michael Shoushani

Update on the Panamanian 
Foundation for the Promotion  
of Mathematics

Due to COVID-19, the official launch of the Panama-
nian Foundation for the Promotion of Mathematics 
(FUNDAPROMAT) had to be suspended. Our invited 
speaker, Dr. Michael Dorff, president of the Mathemati-
cal Association of America (MAA), was not able to travel 
to Panama, and soon enough, our country went on full 
lockdown due to the pandemic. Nevertheless, so far this 
private nonprofit foundation, whose mission is to promote 
the study of mathematics in the Republic of Panama, has 
organized more than fifty-five virtual events to continue 
fulfilling our purpose.

The goal of FUNDAPROMAT’s events is to convince kids 
and adults of all ages that math is not only fun but it also 
has many interesting applications. We also want to inspire 
Panamanian youth to study math or to follow a career in 
STEM. More than 4,500 people have joined our virtual 
events, and more than 20,000 people have registered to 
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our mathematical outreach events. If you know of someone 
who might be interested in sponsoring our educational 
efforts and would benefit from having an international 
presence, please do not hesitate to contact us.

You can follow us on Instagram @fundapromat and 
through our public Facebook page known as “Fundapro-
mat.” You can also access more information on our website 
https://www.fundapromat.org/en, or you can email us 
directly at info@fundapromat.org. 

—Jeanette Shakalli, PhD

Math in the Media

A survey of math in the news:  

See the current Math in the Media & explore the archive at
www.ams.org/mathmedia

“State of Science: A Fields Medal Winner 
Talks About the Need to Collaborate”

DISCOVER

“Can you solve
it? Gems from a
mathematical
wonderland” 
THE GUARDIAN

“Loopy Particle Math” 
 SCIENTIFIC AMERICAN

“What’s Going On
in This Graph?” 

THE NEW YORK TIMES

“The baf� ing quantum maths
solution it took 10 years to understand” 
NEW SCIENTIST

“A Black Scholar’s
Lonely Trek at the Top

of the Math World”
THE NEW YORK TIMES

“How a Strange
Grid Reveals Hidden
Connections Between

Simple Numbers” 
QUANTA MAGAZINE

“Metric pre� xes
sought for extreme

numbers” SCIENCE 

“How a retired couple
found lottery odds in

their favor” 
CBMS 60 MINUTES“Who Changes Majors?

(Not Who You Think)”INSIDE HIGHER ED

“Mathematicians
� nally found the
perfect bubble
blowing formula” 
POPULAR SCIENCE

“Gladys West, Mathematician Who Helped Develop
GPS Technology, Inducted Into Air Force Hall of
Fame” ATLANTA BLACK STAR

“The Mathematical Fight
Against Alzheimer’s Disease”

FORBES
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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

REPUBLIC OF KOREA

Korea Institute for Advanced Study (KIAS) 
Assistant Professor & Research Fellow 

in Pure and Applied Mathematics

The School of Mathematics at the Korea Institute for Ad-
vanced Study (KIAS) invites applicants for the positions 
at the level of KIAS Assistant Professor and Postdoctoral 
Research Fellow in pure and applied mathematics. KIAS, 
founded in 1996, is committed to the excellence of research 
in basic sciences (mathematics, theoretical physics, and 
computational sciences) through high-quality research pro-
grams and a strong faculty body consisting of distinguished 
scientists and visiting scholars.

Applicants are expected to have demonstrated excep-
tional research potential, including major contributions 
beyond or through the doctoral dissertation. The annual 
salary starts from 50,500,000 Korean Won (approximately 
US$43,380 at current exchange rate) for Research Fellows, 
and 57,500,000 Korean Won for KIAS Assistant Profes-
sors, respectively. In addition, individual research funds 

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.

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.

TCAM plans to fill in fifty or more permanent faculty 
positions in the next few years. In addition, there are a 

http://cam.tju.edu.cn
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of 10,000,000 ~ 13,000,000 Korean Won are available 
per year. The initial appointment for the position is for 
two years and is renewable for up to two additional years, 
depending on research performance and the needs of the 
research program at KIAS.

Applications will be reviewed twice a year, June 1 and 
December 1, and selected applicants will be notified in a 
month after the review. In exceptional cases, applications 
can be reviewed other times based on the availability of 
positions.

The starting date of the appointment is negotiable. 
Application materials must include a standard cover sheet 
which is posted on the website (www.kias.re.kr), a cover 
letter, a curriculum vitae including a list of publications, 
a research plan, and three letters of recommendation. All 
documents, prepared in English, should be submitted by 
e-mail or post to:

Ms. Sojung Bae (mathkias@kias.re.kr)
School of Mathematics
Korea Institute for Advanced Study (KIAS)
85 Hoegiro, Dongdaemun-gu,
Seoul 02455, Republic of Korea

12

SINGAPORE

National University of Singapore (NUS) 
Department of Mathematics

The Department of Mathematics at the National University 
of Singapore (NUS) invites applications for the following 
positions beginning in August 2021. NUS is a leading global 
university centred in Asia. The Department of Mathematics 
has about 60 faculty members and teaching staff whose 
expertise cover major areas of contemporary mathematical 
research.
1. Tenured/tenure-track faculty positions at all levels
2. Peng Tsu Ann Assistant Professorship (non-tenure 

track)
Review process will begin on 15 October, and will con-

tinue until positions are filled. Enquiries may be sent to 
matsearch@nus.edu.sg.

For further information about the department, please 
visit www.math.nus.edu.sg.

1. Tenured/tenure-track faculty positions at all levels
We seek promising scholars and established mathemati-
cians with outstanding track records in any field of pure 
and applied mathematics. The Department, housed in a 
spacious building equipped with state-of-the-art facilities, 
offers internationally competitive salary with start-up re-
search grants, as well as an environment conducive to active 
research, and ample opportunities for career development.  
The teaching load for junior faculty is kept especially light.

The Department is particularly interested in, but not 
restricted to, considering applicants specializing in any of 
the following areas:

 • Optimization/machine learning, imaging science, net-
work analysis/discrete mathematics, with strong empha-
sis in data related research.

 • Algebraic/arithmetic geometry; Homogeneous dynamics
 • Analysis and PDE

Please submit your application at https://www.math 
jobs.org/jobs/list/15989.

2. Peng Tsu Ann Assistant Professorship (non-tenure 
track)
The Department of Mathematics and the Institute for Math-
ematical Sciences at the National University of Singapore 
(NUS) invite applications for the position of Peng Tsu Ann 
Assistant Professorship (non-tenure track) beginning in 
August 2021. We seek promising young scholars (fresh or 
recent PhD’s) whose research programmes synergize with 
research thrusts of our senior faculty members.   

The position is for a two-year duration with the possi-
bility of a one-year renewal, and it comes with subsidized 
university housing. The teaching load of this appointment 
is especially light.

Please submit your application at https://www.math 
jobs.org/jobs/list/15990.

13
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Applications are invited for the position of Associate Executive Director for Meetings and Professional 
Services.  Come be part of an extraordinary collection of talent who support the Society’s extensive 
activities. This is an exciting opportunity to have a direct impact on the ways we advance research and 
create connections in the mathematics community. 

The Associate Executive Director heads the Meetings and Professional Services division and is part of the 
executive leadership team. Departments in the division support a variety of AMS meetings, programs, 
and activities that engage our members and the entire mathematical community.  This robust range of 
activities includes meetings such as the Joint Mathematics Meetings, projects such as the Annual Survey 
and Mathjobs.org, membership activities such as the AMS Graduate Student Chapters, and activities such 
as our AMS Mathematics Research Communities and the AMS Fellows program, as well as a number of 
education initiatives, various travel support programs, and several outreach activities. 

Responsibilities of the Associate Executive Director include:

• Developing and implementing long-range plans for all parts of the division

• Overseeing departments in the division, including budgetary planning and control

• Leadership and vision to ensure existing AMS programs optimize their impact, as well as in creating, 
planning, and implementing new programs

• Collaborating with other mathematical organizations

• Representing the division with AMS governance and the mathematical community

• Working closely with senior executive staff, as well as department directors across the organization, 
to ensure excellence and professionalism

Candidates should have an earned doctorate in one of the mathematical sciences as well as adminis-
trative experience. A strong interest in professional programs and services is essential, as is experience 
with grant writing. This position reports to the AMS Executive Director and also interacts with the AMS 
governance on the Council and Board of Trustees.

This position is full time, located in our Providence, RI headquarters. Salary is negotiable and will be  
commensurate with experience. Inquiries about the position are encouraged. Please contact exdir@
ams.org. This position is open until filled. Please submit letter of interest, CV, and three professional 
references to be considered for the position.

The American Mathematical Society is committed to creating 
a diverse environment and is proud to be an equal opportunity 
employer. All quali� ed applicants will receive consideration for 
employment without regard to race, color, religion, gender, gender 
identity or expression, sexual orientation, national origin, genetics, 
disability, age, veteran status, or immigration status.

POSITION AVAILABLE

ASSOCIATE EXECUTIVE DIRECTOR
for Meetings and Professional Services

AMERICAN MATHEMATICAL SOCIETY



NEW BOOKS

New Books Offered by the AMS

September 2020  NoticeS of the AmericAN mAthemAticAl Society   1265

Analysis

Introduction to Analysis 
in Several  Variables
Advanced Calculus
Michael E. Taylor, University of 
North Carolina, Chapel Hill, NC

This text was produced for the 
second part of a two-part se-
quence on advanced calculus, 
whose aim is to provide a firm 
logical foundation for analysis. 
The first part treats analysis in 
one variable, and the text at hand 

treats analysis in several variables.
After a review of topics from one-variable analysis and 

linear algebra, the text treats in succession multivariable 
differential calculus, including systems of differential 
equations, and multivariable integral calculus. It builds 
on this to develop calculus on surfaces in Euclidean space 
and also on manifolds. It introduces differential forms and 
establishes a general Stokes formula. It describes various 
applications of Stokes formula, from harmonic functions 
to degree theory. The text then studies the differential ge-
ometry of surfaces, including geodesics and curvature, and 
makes contact with degree theory, via the Gauss–Bonnet 
theorem.

The text also takes up Fourier analysis, and bridges this 
with results on surfaces, via Fourier analysis on spheres and 
on compact matrix groups.

Pure and Applied Undergraduate Texts, Volume 46
September 2020, approximately 483 pages, Softcover, ISBN: 
978-1-4704-5669-6, 2010 Mathematics Subject Classification: 
26B05, 26B10, 26B12, 26B15, 26B20, List US$85, AMS 
members US$68, MAA members US$76.50, Order code 
AMSTEXT/46

bookstore.ams.org/amstext-46

Algebra and 
Algebraic Geometry

Sum of Squares: 
Theory and Applications
Pablo A. Parrilo, Massachusetts 
Institute of Technology, Cambridge, 
MA, and Rekha R. Thomas, Uni-
versity of Washington, Seattle, WA, 
Editors

This volume is based on lectures 
delivered at the 2019 AMS Short 
Course “Sum of Squares: Theory 
and Applications”, held January 

14–15, 2019, in Baltimore, Maryland.
This book provides a concise state-of-the-art overview 

of the theory and applications of polynomials that are 
sums of squares. This is an exciting and timely topic, with 
rich connections to many areas of mathematics, including 
polynomial and semidefinite optimization, real and convex 
algebraic geometry, and theoretical computer science.

The six chapters introduce and survey recent develop-
ments in this area; specific topics include the algebraic and 
geometric aspects of sums of squares and spectrahedra, 
lifted representations of convex sets, and the algorithmic 
and computational implications of viewing sums of squares 
as a meta algorithm. The book also showcases practical 
applications of the techniques across a variety of areas, 
including control theory, statistics, finance and machine 
learning.

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

Proceedings of Symposia in Applied Mathematics, Vol-
ume 77
July 2020, 142 pages, Softcover, ISBN: 978-1-4704-5025-0, 
2010 Mathematics Subject Classification: 05–XX, 14–XX, 52–
XX, 68–XX, 90–XX, List US$118, AMS members US$94.40, 
MAA members US$106.20, Order code PSAPM/77

bookstore.ams.org/psapm-77

http://bookstore.ams.org/amstext-46
http://bookstore.ams.org/psapm-77
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Discrete Mathematics 
and Combinatorics

Davenport–Zannier 
Polynomials and Dessins 
d’Enfants
Nikolai M. Adrianov, Lomonosov 
Moscow State University, Russia, 
Fedor Pakovich, Ben Gurion Uni-
versity of the Negev, Be’er Sheva, Is-
rael, and Alexander K. Zvonkin, 
University of Bordeaux, Talence, 
France

The French expression “dessins 
d’enfants” means children’s 

drawings. This term was coined by the great French math-
ematician Alexandre Grothendieck in order to denomi-
nate a method of pictorial representation of some highly 
interesting classes of polynomials and rational functions. 
The polynomials studied in this book take their origin in 
number theory. The authors show how, by drawing simple 
pictures, one can prove some long-standing conjectures and 
formulate new ones. The theory presented here touches 
upon many different fields of mathematics.

The major part of the book is quite elementary and is 
easily accessible to an undergraduate student. The less 
elementary parts, such as Galois theory or group represen-
tations and their characters, would need a more profound 
knowledge of mathematics. The reader may either take the 
basic facts of these theories for granted or use our book as 
a motivation and a first approach to these subjects.

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

Mathematical Surveys and Monographs, Volume 249
July 2020, approximately 221 pages, Softcover, ISBN: 978-
1-4704-5634-4, 2010 Mathematics Subject Classification: 
11G32; 05C05, 05C10, 05C22, 05E18, 11R32, 12E10, 
20B15, List US$140, AMS members US$112, MAA mem-
bers US$126, Order code SURV/249

bookstore.ams.org/surv-249

Differential Equations

Interacting with Ordinary 
Differential Equations
Stephen H. Saperstone, George 
Mason University, Alexandria, VA, 
and Max A. Saperstone, TestPros, 
Sterling, VA

Interacting with Ordinary Differen-
tial Equations is a browser-based 
interactive digital textbook for 
the introductory differential 
equations course. The book takes 
advantage of the technology in 

two revolutionary ways. First, the expository treatment is 
layered in a deliberate way. At the highest level the reader 
can follow the big picture laid out in clear and compelling 
prose. To dig deeper the reader can follow the imbedded 
Notelinks that open up to reveal details of calculations and 
proofs that support the main expository thread. Second, 
the book contains scores of Mathematica-based interactive 
modules. The reader can watch a movie illustrating con-
cepts while they read, or in real time adjust parameters 
and initial conditions in the models under discussion. The 
course itself follows a standard modern curriculum with a 
strong emphasis on visualization. Differential equations 
are models of motion; now your textbook itself incorpo-
rates that motion. This is an exciting and innovative new 
vision for what a textbook can be in the internet age.

AMS/MAA Textbooks, Volume 62
August 2020, Hardcover, ISBN: 978-1-4704-5692-4, 2010 
Mathematics Subject Classification: 34–XX, List US$50, AMS 
members US$37.50, MAA members US$37.50, Order code 
TEXT/62

bookstore.ams.org/text-62

http://bookstore.ams.org/text-62
http://bookstore.ams.org/surv-249
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Math Education

Algebra and Geometry
Hung-Hsi Wu, University of Cal-
ifornia, Berkeley, CA

This is the second of three vol-
umes that, together, give an ex-
position of the mathematics of 
grades 9–12 that is simultane-
ously mathematically correct 
and grade-level appropriate. 
The volumes are consistent with 
CCSSM (Common Core State 
Standards for Mathematics) and 

aim at presenting the mathematics of K–12 as a totally 
transparent subject.

The first part of this volume is devoted to the study 
of standard algebra topics: quadratic functions, graphs 
of equations of degree 2 in two variables, polynomials, 
exponentials and logarithms, complex numbers and the 
fundamental theorem of algebra, and the binomial theo-
rem. Having translations and the concept of similarity at 
our disposal enables us to clarify the study of quadratic 
functions by concentrating on their graphs, the same way 
the study of linear functions is greatly clarified by knowing 
that their graphs are lines. We also introduce the concept of 
formal algebra in the study of polynomials with complex 
coefficients. The last three chapters in this volume complete 
the systematic exposition of high school geometry that is 
consistent with CCSSM. These chapters treat the geometry 
of the triangle and the circle, ruler and compass construc-
tions, and a general discussion of axiomatic systems, in-
cluding non-Euclidean geometry and the celebrated work 
of Hilbert on the foundations.

This book should be useful for current and future teach-
ers of K–12 mathematics, as well as for some high school 
students and for education professionals.

Miscellaneous Books, 132
November 2020, approximately 495 pages, Softcover, ISBN: 
978-1-4704-5676-4, LC 2020008693, 2010 Mathematics 
Subject Classification: 97–01, 97–00, 97D99, 97–02, 00–01, 
00–02, List US$50, AMS members US$40, MAA members 
US$45, Order code MBK/132

bookstore.ams.org/mbk-132

Logic and Foundations

Geometric Set Theory
Paul B. Larson, Miami University, 
Oxford, OH, and Jindrich Zaple-
tal, University of Florida, Gaines-
ville, FL, and Czech Academy of 
Sciences, Prague, Czech Republic

This book introduces a new re-
search direction in set theory: 
the study of models of set theory 
with respect to their extensional 
overlap or disagreement. In Part 
I, the method is applied to iso-

late new distinctions between Borel equivalence relations. 
Part II contains applications to independence results in 
Zermelo–Fraenkel set theory without Axiom of Choice.

The method makes it possible to classify in great detail 
various paradoxical objects obtained using the Axiom of 
Choice; the classifying criterion is a ZF-provable implica-
tion between the existence of such objects. The book con-
siders a broad spectrum of objects from analysis, algebra, 
and combinatorics: ultrafilters, Hamel bases, transcendence 
bases, colorings of Borel graphs, discontinuous homomor-
phisms between Polish groups, and many more. The topic 
is nearly inexhaustible in its variety, and many directions 
invite further investigation.

Mathematical Surveys and Monographs, Volume 248
September 2020, approximately 323 pages, Softcover, ISBN: 
978-1-4704-5462-3, 2010 Mathematics Subject Classification: 
03E15, 03E25, 03E35, 03E40, 05C15, 05B35, 11J72, 11J81, 
37A20, List US$140, AMS members US$112, MAA mem-
bers US$126, Order code SURV/248

bookstore.ams.org/surv-248

http://bookstore.ams.org/surv-248
http://bookstore.ams.org/mbk-132
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Explicit Arithmetic of Jacobians of Generalized 
Legendre Curves Over Global Function Fields
Lisa Berger, Stony Brook University, NY, Chris Hall, West-
ern University, London, Ontario, Canada, Rene Pannekoek, 
Imperial College, London, UK, Rachel Pries, Colorado State 
University, Fort Collins, CO, Shahed Sharif, California State 
University San Marcos, CA, Alice Silverberg, University of 
California at Irvine, CA, Douglas Ulmer, Georgia Institute 
of Technology, Atlanta, GA, and Jennifer Park, University of 
Michigan, Ann Arbor, MI

Memoirs of the American Mathematical Society, Volume 
266, Number 1295
May 2020, 131 pages, Softcover, ISBN: 978-1-4704-4219-
4, 2010 Mathematics Subject Classification: 11G10, 11G30; 
11G40, 14G05, 14G25, 14K15, List US$85, AMS mem-
bers US$68, MAA members US$76.50, Order code 
MEMO/266/1295

bookstore.ams.org/memo-266-1295

Dynamics Near the Subcritical Transition of 
the 3D Couette Flow I: Below Threshold Case
Jacob Bedrossian, University of Maryland, College Park, MD, 
Pierre Germain, and Nader Masmoudi, Courant Institute 
of Mathematical Sciences, New York City, NY

Memoirs of the American Mathematical Society, Volume 
266, Number 1294
May 2020, 154 pages, Softcover, ISBN: 978-1-4704-4217-
0, List US$85, AMS members US$68, MAA members 
US$76.50, Order code MEMO/266/1294

bookstore.ams.org/memo-266-1294

The Riesz Transform of Codimension Smaller 
Than One and the Wolff Energy
Benjamin Jaye, Kent State University, OH, Fedor Nazarov, 
Kent State University, OH, Maria Carmen Reguera, University 
of Birmingham, UK, and Xavier Tolsa, Institució Catalana de 
Recerca i Estudis Avançats, Barcelona, Catalonia, Spain, and 
Universitat Autónoma de Barcelona, Catalonia, Spain

Memoirs of the American Mathematical Society, Volume 
266, Number 1293
May 2020, 97 pages, Softcover, ISBN: 978-1-4704-4213-2, 
2010 Mathematics Subject Classification: 42B37, 31B15, List 
US$85, AMS members US$68, MAA members US$76.50, 
Order code MEMO/266/1293

bookstore.ams.org/memo-266-1293

New in Contemporary 
Mathematics
Algebra and 
Algebraic Geometry

Vertex Operator 
Algebras, Number Theory 
and Related Topics
Matthew Krauel, California State 
University, Sacramento, CA, Mi-
chael Tuite, National University 
of Ireland, Galway, Ireland, and 
Gaywalee Yamskulna, Illinois 
State University, Normal, IL, Ed-
itors

This item will also be of interest 
to those working in mathematical 
physics.

Contemporary Mathematics, Volume 753
July 2020, 250 pages, Softcover, ISBN: 978-1-4704-4938-
4, LC 2019055509, 2010 Mathematics Subject Classification: 
17B69, 17B68, 17B67, 11Mxx, List US$120, AMS members 
US$96, MAA members US$108, Order code CONM/753

bookstore.ams.org/conm-753

New in Memoirs 
of the AMS
Filtrations and Buildings
Christophe Cornut, Centre national de la recherche scien-
tifique, Paris, France

Memoirs of the American Mathematical Society, Volume 
266, Number 1296
May 2020, 150 pages, Softcover, ISBN: 978-1-4704-4221-
7, 2010 Mathematics Subject Classification: 14L15, 18D10, 
20E42, 20G05, 51E24, List US$85, AMS members US$68, 
MAA members US$76.50, Order code MEMO/266/1296

bookstore.ams.org/memo-266-1296

ONTEMPORARY
ATHEMATICS

C
M

753

Matthew Krauel
Michael Tuite

Gaywalee Yamskulna
Editors

Vertex Operator 
Algebras, Number Theory 

and Related Topics

http://bookstore.ams.org/memo-266-1295
http://bookstore.ams.org/memo-266-1294
http://bookstore.ams.org/conm-753
http://bookstore.ams.org/memo-266-1296
http://bookstore.ams.org/memo-266-1293
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14J10, List US$40, AMS members US$32, Order code 
EMSSERLEC/31

bookstore.ams.org/emsserlec-31

Number Theory

Various Aspects of 
Multiple Zeta Functions
in honor of Professor Kohji 
Matsumoto’s 60th birthday
Hidehiko Mishou, Tokyo Denki 
University, Takashi Nakamura, 
Tokyo University of Science, Ma-
satoshi Suzuki, Tokyo Insti-
tute of Technology, and Yumiko 
Umegaki, Nara Women’s Univer-
sity, Editors

This volume is the proceedings 
of the international conference, “Various Aspects of Multi-
ple Zeta Functions,” in honor of Professor Kohji Matsumo-
to’s 60th birthday held at Nagoya University, Japan, during 
August 21–25, 2017.

The present volume consists of 15 research papers on 
various recent topics about multiple zeta-functions, which 
include not only actually multivariate cases but also sin-
gle-variable cases, additive and multiplicative number 
theory, and poly-Bernoulli numbers and polynomials.

The editors believe that this volume represents the major 
part of the contributions presented in the conference and 
hope that the volume is useful for all researchers and 
students who are interested in this fruitful research field.

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

Published for the Mathematical Society of Japan by Kinokuniya, Tokyo, 
and distributed worldwide, except in Japan, by the AMS.

Advanced Studies in Pure Mathematics, Volume 84
March 2020, 411 pages, Hardcover, ISBN: 978-4-86497-
088-4, 2010 Mathematics Subject Classification: 11Mxx; 
11Bxx, 11Pxx, 11Nxx, List US$69, AMS members US$55.20, 
Order code ASPM/84

bookstore.ams.org/aspm-84

Global Smooth Solutions for 
the Inviscid SQG Equation
Angel Castro, Universidad Autónoma de Madrid, Spain, 
Diego Córdoba, Instituto de Ciencias Matemáticas, Madrid, 
Spain, and Javier Gómez-Serrano, Princeton University, NJ

Memoirs of the American Mathematical Society, Volume 
266, Number 1292
May 2020, 79 pages, Softcover, ISBN: 978-1-4704-4214-
9, List US$85, AMS members US$68, MAA members 
US$76.50, Order code MEMO/266/1292

bookstore.ams.org/memo-266-1292

Conformal Graph Directed Markov Systems 
on Carnot Groups
Vasileios Chousionis, University of Connecticut, Storrs, CT, 
Jeremy T. Tyson, University of Illinois at Urbana-Champaign, 
IL, and Mariusz Urbański

Memoirs of the American Mathematical Society, Volume 
266, Number 1291
May 2020, 153 pages, Softcover, ISBN: 978-1-4704-4215-
6, 2010 Mathematics Subject Classification: 30L10, 53C17, 
37C40; 11J70, 28A78, 37B10, 37C30, 37D35, 37F35, 
47H10, List US$85, AMS members US$68, MAA members 
US$76.50, Order code MEMO/266/1291

bookstore.ams.org/memo-266-1291

New AMS-Distributed 
Publications
Algebra and 
Algebraic Geometry

Classification of Complex 
Algebraic Surfaces
Ciro Ciliberto, Universitá di 
Roma, Italy

EMS Series of Lectures in Math-
ematics, Volume 31
July 2020, 143 pages, Softcover, 
ISBN: 978-3-03719-210-8, 2010 
Mathematics Subject Classifica-
tion: 14J26, 14J27, 14J28, 14J29, 
14E05, 14E07, 14E30; 14N05, 

  84

Various Aspects of Multiple Zeta Functions
— in honor of Professor Kohji Matsumoto's 

60th birthday

http://bookstore.ams.org/emsserlec-31
http://bookstore.ams.org/memo-266-1292
http://bookstore.ams.org/memo-266-1291
http://bookstore.ams.org/aspm-84
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Meetings in this Issue
  2020  

September 12–13 Fall Central Virtual p. 1271
October 3–4 Fall Eastern Virtual p. 1272
October 10–11 Fall Southeastern Virtual p. 1273
October 24–25 Fall Western Virtual p. 1274

  2021  
January 6–9 Washington, DC p. 1275
March 13–14 Atlanta, Georgia p. 1279
March 20–21 Providence, Rhode Island p. 1280
April 17–18 Cincinnati, Ohio p. 1280
May 1–2 San Francisco, California p. 1281
July 5–9 Grenoble, France p. 1281
July 19–23 Buenos Aires, Argentina p. 1281
September 18–19 Buffalo, New York p. 1282
October 9–10 Omaha, Nebraska p. 1282
October 23–24 Albuquerque, NM p. 1282
November 20–21 Mobile, Alabama p. 1283

  2022  
January 5–8 Seattle, Washington p. 1283
March 11–13 Charlottesville, Virginia p. 1283
March 19–20 Medford, Massachusetts p. 1284
March 26–27 West Lafayette, Indiana p. 1285
May 14–15 Denver, Colorado p. 1286
September 17–18 El Paso, Texas p. 1286
October 15–16 Chattanooga, Tennessee p. 1286
October 22–23 Salt Lake City, Utah p. 1287

  2023  
January 4–7 Boston, Massachusetts p. 1287
May 6–7 Fresno, California p. 1287

The AMS strives to ensure that participants in its activities 
enjoy a welcoming environment. Please see our full Policy 

on a Welcoming Environment at https://www.ams 
.org/welcoming-environment-policy.

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. Paid meeting registration is required to submit 
an abstract to a sectional meeting.

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 
110 in the January 2020 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; telephone: 
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; telephone: 
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

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.

New: Sectional Meetings Require Registration to Submit Abstracts. In an effort to spread the cost of the sectional 
meetings more equitably among all who attend and hence help keep registration fees low, starting with the 2020 fall 
sectional meetings, you must be registered for a sectional meeting in order to submit an abstract for that meeting. 
You will be prompted to register on the Abstracts Submission Page. In the event that your abstract is not accepted or 
you have to cancel your participation in the program due to unforeseen circumstances, your registration fee will be 
reimbursed.

Fall Central Virtual Sectional Meeting
now meeting virtually, MDT (hosted by the American Mathematical Society)

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: Expired
For abstracts: Expired

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

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

Algebraic, geometric and topological combinatorics, Art Duval, University of Texas at El Paso, Caroline Klivans, Brown 
University, and Jeremy Martin, University of Kansas.

Commutative Algebra, Sara Faridi, Dalhousie University, and Susan Morey, Texas State University.
Fixed point theory and its applications, Monther R. Alfuraidan, King Fahd University of Petroleum & Minerals, KSA, 

Mohamed A. Khamsi, The University of Texas at El Paso, Poom Kumam, King Mongkut’s University of Technology, 
Thonburi, Thailand, and Osvaldo Mendez, The University of Texas at El Paso.

Free Resolutions, Combinatorics, and Geometry, Anton Dochtermann, Texas State University, and Sean Sather-Wagstaff, 
Clemson University.

Geometric Inequalities and Nonlinear Partial Differential Equations, Joshua Flynn, University of Connecticut, Jungang Li, 
Brown University, and Guozhen Lu, University of Connecticut.
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Geometry of Submanifolds and Integrable Systems, Magdalena Toda and Hung Tran, Texas Tech University.
High-Frequency data analysis and applications, Maria Christina Mariani and Michael Pokojovy, University of Texas at El 

Paso, and Ambar Sengupta, University of Connecticut.
Low-dimensional topology and knot theory, Mohamed Ait Nouh and Luis Valdez-Sanchez, University of Texas at El Paso.
Methods and applications in data Science, Ming-Ying Leung, Xiaogang Su, and Amy Wagler, The University of Texas at 

El Paso.
Nonlinear analysis and optimization, Behzad Djafari-Rouhani, University of Texas at El Paso, and Akhtar A. Khan, 

Rochester Institute of Technology.
Numerical partial differential equations and applications, Son-Young Yi and Xianyi Zeng, The University of Texas at El Paso.
Recent advances in scientific computing and applications, Natasha Sharma, University of Texas at El Paso, and Annalisa 

Quaini, University of Houston.
Recent Developments in Commutative Algebra, Louiza Fouli and Jonathan Montaño, New Mexico State University.
Statistical methodology and applications, Ori Rosen and Suneel Chatla, University of Texas at El Paso.
Stochastic Modeling in Mathematical Biology, Mary Ballyk, New Mexico State University, Si Tang, Lehigh University, and 

Jianjun Paul Tian, New Mexico State University.
Theoretical and Computational Studies of PDEs Related to Fluid Mechanics, Phuong Nguyen, Texas Tech University, Andrei 

Tarfulea, Louisiana State University, and Kazuo Yamazaki, Texas Tech University.
Undergraduate Teaching and Learning of Mathematics, Paul Dawkins and Samuel Obara, Texas State University.

Fall Eastern Virtual Sectional Meeting
now meeting virtually, EDT (hosted by the American Mathematical Society)

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: Expired
For abstracts: August 11, 2020

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

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

Advances in Mathematical Modeling of Infection (Code: SS 21A), Jessica M. Conway, Pennsylvania State University, Troy 
Day, Queen’s University, and Timothy C. Reluga, Pennsylvania State University.

Algebraic Singularities in Arbitrary Characteristic (Code: SS 12A), Rankeya Datta, University of Illinois at Chicago, and 
Takumi Murayama, Princeton University.

Analytic Number Theory (Code: SS 11A), Angel V. Kumchev, Towson University, and Siddhi S. Pathak and Robert C. 
Vaughan, Pennsylvania State University.

Automorphic Forms and Galois Representations (Code: SS 3A), Jim Brown, Occidental College, and Krzysztof Klosin, 
Queens College, CUNY.

Cluster Algebras and Plabic Graphs (Code: SS 16A), Chris Fraser, University of Minnesota, and Max Glick, Google Inc.
Combinatorics and Computing (Code: SS 17A), Saúl A. Blanco, Indiana University, and Charles Buehrle, Notre Dame 

of Maryland University.
Commutative Algebra and Connections to Algebraic Geometry and Combinatorics (Code: SS 4A), Ayah Almousa, Cornell 

University, and Kuei-Nuan Lin, Pennsylvania State University, Greater Allegheny.
Conservation Laws and Nonlinear Wave Equations (Code: SS 14A), Alberto Bressan, Pennsylvania State University, Geng 

Chen, University of Kansas, and Qingtian Zhang, West Virginia University.
Drinfeld Modules, Modular Varieties and Arithmetic Applications (Code: SS 10A), Mihran Papikian, Pennsylvania State 

University, and Dinesh Thakur, University of Rochester.
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Geometric Dynamics (Code: SS 23A), Mark Levi and Sergei Tabachnikov, Pennsylvania State University.
Geometry and Arithmetic of Algebraic Varieties (Code: SS 8A), Jack Huizenga, John Kopper, and John Lesieutre, Penn-

sylvania State University.
Geometry of Groups and 3-manifolds (Code: SS 2A), Abhijit Champanerkar, College of Staten Island and The Graduate 

Center, CUNY, and Hongbin Sun, Rutgers University.
Group Representations and Related Topics (Code: SS 9A), Mark L. Lewis and Shawn T. Burkett, Kent State University, and 

Hung P. Tong-Viet, Binghamton University.
Homological Methods in Algebra (Code: SS 5A), Ela Celikbas and Olgur Celikbas, West Virginia University, and Saeed 

Nasseh, Georgia Southern University.
Nonlinear Scientific Computing and Applications (Code: SS 1A), Wenrui Hao, Pennsylvania State University.
q-Series and Related Areas in Combinatorics and Number Theory (Code: SS 7A), George Andrews, David Little, and Ae Ja 

Yee, Pennsylvania State University.
Recent Developments in Gauge Theory (Code: SS 19A), Siqi He, Stony Brook University, and Ákos Nagy, Duke University.
Recent Probabilistic Advances in Mathematical Physics (Code: SS 20A), Alexei Novikiov, Izabella Stuhl, and Yuri Suhov, 

Pennsylvania State University.
Turbulence and Mixing in Fluid Dynamics (Code: SS 15A), Yuanyuan Feng, Anna Mazzucato, and Alexei Novikov, 

Pennsylvania State University.
Variational Aspects of Geometric Analysis (Code: SS 13A), Jeffrey Case, Pennsylvania State University, Casey Kelleher and 

Chao Li, Princeton University, and Siyi Zhang, University of Notre Dame.

Fall Southeastern Virtual Sectional Meeting
now meeting virtually, EDT (hosted by the American Mathematical Society)

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: Expired
For abstracts: August 18, 2020

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

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

Advances in Graph Theory (Code: SS 5A), Xiaofeng Gu, University of West Georgia, and Dong Ye, Middle Tennessee 
State University.

Advances in Image Reconstruction Algorithms for Inverse Tomography Problems (Code: SS 22A), Sanwar Uddin Ahmad, 
Colorado State University, and Taufiquar R Khan, Clemson University.

Advances in the Modeling and Computation of Fluid Flows and Fluid-Structure Interactions (Code: SS 11A), Jin Wang and 
Eleni Panagiotou, University of Tennessee at Chattanooga.

Applicable Analysis of PDE Systems which Govern Fluid Flows and Flow-Structure Interactions (Code: SS 12A), Pelin Guven 
Geredeli, Iowa State University, and George Avalos, University of Nebraska-Lincoln.

Applied Knot Theory (Code: SS 4A), Jason Cantarella, University of Georgia, Eleni Panagiotou, University of Tennessee 
at Chattanooga, and Eric Rawdon, University of St Thomas.

Boundary Value Problems for Differential, Difference, and Fractional Equations (Code: SS 2A), John R Graef and Lingju 
Kong, University of Tennessee at Chattanooga, and Min Wang, Kennesaw State University.

Coding Theory, Cryptography, and Number Theory (Code: SS 16A), Ryann Cartor, Shuhong Gao, Kevin James, and Felice 
Manganiello, Clemson University.

Commutative Algebra (Code: SS 1A), Simplice Tchamna, Georgia College, and Lokendra Paudel, University of South 
Carolina, Salkehatchie.
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Convexity and Probability in High Dimensions (Code: SS 21A), Steven Hoehner, Longwood University, and Stanislaw 
Szarek and Elisabeth Werner, Case Western Reserve University.

Geometric and Topological Generalization of Groups (Code: SS 19A), Bikash C Das, University of North Georgia.
Geometry and arithmetic of hyperkähler manifolds (Code: SS 18A), Giulia Saccà, Columbia University.
Homological Commutative Algebra (Code: SS 9A), Hugh Geller, James Gossell, and Sean Sather-Wagstaff, Clemson 

University.
Interactions Between Algebra, Geometry and Topology in Low Dimensions (Code: SS 6A), Alex Casella and Lorenzo Ruffoni, 

Florida State University at Tallahassee, and Michelle Chu, University of Illinois at Chicago.
Modern Applied Analysis (Code: SS 8A), Boris Belinskiy, University of Tennessee at Chattanooga.
Polynomials, Approximation Theory, and Potential Theory (Code: SS 13A), Aaron Yeager, College of Coastal Georgia, and 

Erik Lundberg, Florida Atlantic University.
Probability and Statistical Models with Applications (Code: SS 7A), Sher Chhetri, University of South Carolina, Sumter, 

and Cory Ball, Florida Atlantic University.
Random Discrete Structures (Code: SS 23A), Xavier Perez Gimenez, University of Nebraska–Lincoln, and Lutz Warnke, 

Georgia Institute of Technology.
Structural and Extremal Graph Theory (Code: SS 3A), Hao Huang, Emory University, and Xingxing Yu, Georgia Institute 

of Technology.

Fall Western Virtual Sectional Meeting
now meeting virtually, PDT (hosted by the American Mathematical Society)

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: Expired
For abstracts: September 1, 2020

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

Invited Addresses
Andrei Okounkov, Columbia University, Lie theory without groups (Erdoős Memorial Lecture).

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

Approximation Theory and Numerical Analysis, Vira Babenko, Drake University, and Akil Narayan, University of Utah.
Free boundary problems arising in applications, Mark Allen, Brigham Young University, Mariana Smit Vega Garcia, Western 

Washington University, and Braxton Osting, The University of Utah.
Geometry and Representation Theory of Quantum Algebras and Related Topics, Mee Seong Im, United States Military Acad-

emy, West Point, Bach Nguyen, Temple University, and Arik Wilbert, University of Georgia.
Graphs and Matrices, Mark Kempton, Emily Evans, and Ben Webb, Brigham Young University.
How to Solve It? Heuristics and Inquiry Based Learning, Mario Banuelos, California State University, Fresno, Andrew G. 

Benedek, Research Centre for the Humanities, Eötvös Loránd Research Network, Hungary, and Agnes Tuska, California 
State University, Fresno.

Inverse Problems, Hanna Makaruk, Los Alamos National Laboratory, Los Alamos, NM, and Robert Owczarek, University 
of New Mexico, Albuquerque, NM, and University of New Mexico, Los Alamos, NM.

Knotted surfaces and concordances, Mark Hughes, Brigham Young University, Jeffrey Meier, Western Washington Uni-
versity, and Maggie Miller, Princeton University.

Monoidal Categories in Representation Theory, Jonathan Brundan, Ben Elias, and Victor Ostrik, University of Oregon.
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Recent advances in the theory of fluid dynamics, Elaine Cozzi, Oregon State University, and Magdalena Czubak, Univer-
sity of Colorado Boulder.

Several Complex Variables: Emerging Applications, Connections, and Synergies, Jennifer Brooks, Brigham Young University, 
and Dusty Grundmeier, Harvard University.

Topics in graphs, hypergraphs and set systems, John Engbers, Marquette University, David Galvin, University of Notre 
Dame, and Cliff Smyth, University of North Carolina Greensboro.

Washington, District of Columbia
Walter E. Washington Convention Center

January 6–9, 2021
Wednesday – Saturday

Meeting #1163
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: Volume 42, Issue 1

Deadlines
For organizers: Expired
For abstracts: September 8, 2020

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

Joint Invited Addresses
Linda J. S. Allen, Texas Tech University, Modeling of Viral Zoonotic Infectious Diseases from Wildlife to Humans (AMS-MAA 

Invited Address).
Trachette Jackson, University of Michigan, Turning cancer discoveries into effective treatments with the aid of mathematical 

modeling (MAA-AMS-SIAM Gerald and Judith Porter Public Lecture).
Amie Wilkinson, University of Chicago, Title to be announced (AMS-MAA Invited Address).

AMS Invited Addresses
Douglas N. Arnold, University of Minnesota, Title to be announced.
Ryan Hynd, University of Pennsylvania, The Hamilton-Jacobi equation, past and present.
Ciprian Manolescu, Stanford University, Khovanov homology and surfaces in four-manifolds (AMS Maryam Mirzakhani 

Lecture).
Andrea Nahmod, University of Massachusetts Amherst, Title to be announced.
Karen E. Smith, University of Michigan, Title to be announced (AMS Colloquium Lectures: Lecture I).
Karen E. Smith, University of Michigan, Title to be announced (AMS Colloquium Lectures: Lecture II).
Karen E. Smith, University of Michigan, Title to be announced (AMS Colloquium Lectures: Lecture III).
Lenka Zdeborova, Institut de Physique Theorique, Title to be announced (AMS Josiah Willard Gibbs Lecture).
Xinwen Zhu, California Institute of Technology, Title to be announced.

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 http://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.

ADJOINT (African Diaspora Joint Mathematics Workshop) Research Showcase (Code: SS 84A), Edray Goins, Pomona 
College, and Helene Barcelo, MSRI.
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Adopt, Adapt, Assign Modeling Activities in Differential Equations (Code: SS 15A), Brian Winkel, US Military Academy, 
West Point, Janet Fierson, LaSalle University, Jennifer Garbett, Lenoir Rhyne University, and Therese Shelton, South-
western University.

Advances and Applications in Integral and Differential Equations (Code: SS 8A), Min Wang, Kennesaw State University, 
Jeffrey W. Lyons, Trinity University, and Jeffrey T. Neugebauer, Eastern Kentucky University.

Advances in Computational Biomedicine (Code: SS 16A), Nek Valous and Niels Halama, German Cancer Research Center, 
and Paul Macklin, Indiana University.

Advances in Mathematical Biology (Code: SS 79A), Zhisheng Shuai, University of Central Florida, and Yixiang Wu, 
Middle Tennessee State University.

Advances in Modeling the Ecology of Infectious Diseases (Code: SS 38A), Lauren M. Childs, Virginia Tech, Julie C. Black-
wood, Williams College, and Suzanne Lenhart and Olivia Prosper, University of Tennessee Knoxville.

Advances in Multivariable Operator and Function Theory in Both Commutative and Non-commutative Settings (Code: SS 27A), 
Kelly Bickel, Bucknell University, Paul Muhly, University of Iowa, Rachael Norton, Fitchberg State University, and Ryan 
Tully-Doyl, University of New Haven.

Advances in Operator Algebras (Code: SS 51A), Rolando de Santiago, UCLA, Adam Fuller, Ohio University, Lara Ismert, 
Embry-Riddle Aeronautical University, and Pieter Spaas, UCLA.

Advances in the Applications of Nonstandard Finite Difference Methods (Code: SS 82A), Talitha M. Washington, Howard 
University, Ron Buckmire, Occidental College, Abba Gumel, Arizona State University, and Jean Lubuma, University of 
Pretoria.

Agent-Based Dynamics and Self-Organization in Biology (Code: SS 60A), Alexandria Volkening, Northwestern University, 
and Andrew Bernoff and Jasper Weinburd, Harvey Mudd College.

Algebraic and Arithmetic Geometry (Code: SS 7A), Tony Shaska, Oakland University, and Marc Hindry, Institut de 
mathématiques Jussieu - Paris Rive Gauche Universiteé Paris Diderot.

Algebraic and Geometric Perspectives on Low-Dimensional Topology (Code: SS 63A), Christine Ruey Shan Lee, University 
of South Alabama, and Melissa Zhang, University of Georgia.

Algebraic Structures Related to Knot Theory (Code: SS 26A), Sujoy Mukherjee, Ohio State University, Thang Le, Georgia 
Tech, and Jozef H. Przytycki, George Washington University.

Analysis and Differential Equations at Undergraduate Institutions (Code: SS 11A), Katharine Ott, Bates College, and Wil-
liam Green, Rose Hulman Institute of Technology.

Analysis of Fractional, and Stochastic Dynamic Systems with Applications (Code: SS 3A), Aghalaya S. Vatsala, University 
of Louisiana at Lafayette, Gangaram S. Ladde, University of South Florida, Tampa, and John R. Graef, University of 
Tennessee at Chattanooga.

Applied Combinatorial Methods (Code: SS 66A), Stephen J. Young and Sinan G. Aksoy, Pacific Northwest National Lab.
Applied Topology (Code: SS 25A), Alvin Jin, KTH Royal Institute of Technology, and Mikael Vejdemo-Johansson, CUNY 

College of Staten Island.
A Showcase of Number Theory at Undergraduate Institutions (Code: SS 57A), Ricardo Conceicao and Darren Glass, Get-

tysburg College, and Holley Friedlander, Dickinson College.
Branching Out: Ramification Invariants in Algebra and Geometry (Code: SS 65A), Andrew Kobin, University of Virginia, 

and Vaidehee Thatte, Binghamton University.
Celebrating the Mathematical Legacy of Dr. James A. Donaldson (Code: SS 78A), Naiomi Cameron, Spelman College, 

Talitha Washington, Howard University, Caleb Ashley, University of Michigan, and Bourama Toni, Howard University 
(AMS-NAM).

COMAP’s Mathematical Modeling Contests: Become An Advisor and Prepare Your Team (Code: SS 71A), Kathleen Snook, 
COMAP, and Amanda Beecher, Ramapo College of New Jersey.

Combinatorial Approaches to Topological Structures and Applications (Code: SS 75A), Cliff Joslyn and Emilie Purvine, 
Pacific Northwest National Laboratory.

Commutative Algebra (Code: SS 32A), Rebecca RG, George Mason University, and Sean Sather-Wagstaff, Clemson 
University.

Commutative Algebra in Positive Characteristic, I (Associated with AMS Colloquium Lecture) (Code: SS 81A), Janet Page, 
University of Michigan, and Emily Witt, University of Kansas.

Commutative Algebra Meets Representation Theory (Code: SS 20A), Alessandra Costantini, University of California Riv-
erside, Francesca Gandini, Kalamazoo College, and Ela Celikbas, West Virginia University.

Commutative Rings: Ideals, Modules, and Factorizations (Code: SS 2A), Bruce Olberding, New Mexico State University, 
and Alfred Geroldinger, University of Graz, Austria.
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Computability Theory and Effective Mathematics (Code: SS 18A), Mariya I. Soskova, Joseph S. Miller, and Jun Le Goh, 
University of Wisconsin Madison (AMS-ASL).

Continued Fractions (Code: SS 62A), James McLaughlin, West Chester University, Geremías Polanco Encarnación, 
Hampshire College, Barry Smith, Lebanon Valley College, and Nancy J. Wyshinski, Trinity College.

Creative Teaching Methods That Lead to Student Learning (Code: SS 29A), Michael A. Radin, Rochester Institute of Tech-
nology, Natali Hritonenko, Prairie View A & M University, and Ellina Grigorieva, Texas Woman’s University.

Current Trends in Arithmetic Dynamics (Code: SS 34A), Trevor Hyde, University of Chicago, John R. Doyle, Oklahoma 
State University, and Michelle Mane, University of Hawaii and NSF.

Developments in Spatial Graphs (Code: SS 28A), Kenneth Baker, University of Miami, Allison Moore, Virginia Com-
monwealth University, and Danielle O’Donnol, Marymount University.

Driving Transformation Through Advanced Analytics (Code: SS 85A), Arnie Greenland, Smith School of Business, and 
Jack Levis, UPS.

Eigenvalues, Nonnegative Matrices and Applications (Code: SS 45A), Alan Krinik and Randall J. Swift, California State 
Polytechnic University, Pomona.

Foundations of Data Science: Mathematical Representation, Computational Modeling, and Statistical Inference (Code: SS 9A), 
Ivo Dinov, University of Michigan.

Galois Cohomology in Arithmetic Geometry (Code: SS 59A), Charlotte Ure and Evangelia Gazaki, University of Virginia.
Geometry and Topology in Dimensions 3 and 4 (Code: SS 58A), Christian Millichap, Furman University, Neil R. Hoffman, 

Oklahoma State University, Matt Stover, Temple University, and Genevieve Walsh, Tufts University.
Geometry in the Mathematics of Data Science (Code: SS 77A), Henry Kvinge, Tegan Emerson, Carlos Ortiz Marrero, 

and Tim Doster, Pacific Northwest National Laboratory.
Geophysical Fluid Dynamics, Turbulence, and Data Assimilation: A Rigorous and Computational Study (Code: SS 48A), Jing 

Tian, Towson University, and Animikh Biswas, University of Maryland Baltimore.
History of Mathematics (Code: SS 12A), Adrian Rice, Randolph Macon College, Deborah Kent, Drake University, Jemma 

Lorenat, Pitzer College, and Daniel Otero, Xavier University.
Homological Aspects of Quantum Symmetries and Related Topics (Code: SS 14A), James Zhang, University of Washington, 

Chelsea Walton, University of Illinois at Urbana Champaign, and Ellen Kirkman, Wake Forest University.
Hopf Algebras and Tensor Categories (Code: SS 43A), Julia Plavnik, Indiana University, Siu-Hung Ng, Louisiana State 

University, and Henry Tucker, University of California Riverside.
If You Build It They Will Come: Presentations by Scholars in the National Alliance for Doctoral Studies in the Mathematical 

Sciences (Code: SS 67A), David Goldberg, Purdue University, and Phil Kutzko, University of Iowa.
Interactions Between Noncommutative Algebra and Noncommutative Algebraic Geometry (Code: SS 5A), Van C. Nguyen, US 

Naval Academy, Xingting Wang, Howard University, and Sarah Witherspoon, Texas A & M University.
Interactions of Inverse Problems, Computational Harmonic Analysis, and Imaging (Code: SS 74A), M. Zuhair Nashed, Uni-

versity of Central Florida, Willi Freeden, University of Kaiserslautern, and Otmar Scherzer, University of Vienna.
Invariants of Knots and Links (Code: SS 69A), Patricia Cahn, Smith College, Moshe Cohen, State university of New York 

at New Paltz, Adam Lowrance, Vassar College, and Casey Necheles, Syracuse University.
Knotty Problems in Geometry: Special Session in Memory of Mark E. Kidwell (Code: SS 10A), Will Traves, U.S. Naval Acad-

emy, and Kerry Luse, Trinity Washington University.
Low Dimensional Topology, I (Associated with AMS Invited Maryam Mirzakhani Lecture) (Code: SS 80A), Jennifer Hom, 

Georgia Tech, Ciprian Manolescu, Stanford University, and Juanita Pinzon-Caicedo, University of Notre Dame.
Mathematical Outreach: Engagement Opportunities and Best Practices (Code: SS 46A), Irina Mitrea and Maria Lorenz, 

Temple University, and Katharine Ott, Bates College.
Mathematicians and the Sciences: Members of the 2019 class of Fellows of the American Association for the Advancement of 

Science Talk About Their Work (Code: SS 36A), Reinhard Laubenbacher, University of Connecticut/University of Florida, 
Barbara Keyfitz, Ohio State University, and Karen Saxe, American Mathematical Society.

Mathematics Courses Designed to Develop Mathematical Knowledge for Teaching High School (Code: SS 64A), James J. 
Madden, Louisiana State University, Yvonne Lai, University of Nebraska Lincoln, James A.M. Alvarez, University of Texas 
Arlington, and Jennifer Whitfield, Texas A&M University.

Mathematics in Security & Defense (Code: SS 22A), Paul Goethals, US Military Academy, Lubjana Beshaj, Army Cyber 
Institute, and Cheyne Homberger, Department of Defense.

Mathematics of Cryptography (Code: SS 47A), Angela Robinson, NIST, Gretchen L. Matthews, Virginia Tech, and Travis 
Morrison, University of Waterloo.
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Mathematics to the Rescue-Addressing Deficiencies in the Analysis of Overhead Imagery Products (Code: SS 76A), Tim Doster, 
Adam Attarian, Tegan Emerson, and Henry Kvinge, Pacific Northwest National Laboratory.

Modeling and Data Analytic Techniques for Biological Systems (Code: SS 55A), Erica Rutter, University of California, and 
Maria-Veronica Ciocanel, Ohio State University.

Multiobjective Semiinfinite Fractional Programs (Code: SS 44A), Ram Verma, International Publications USA, and Alex-
ander Zaslavski, Israel Institute of Technology.

Nonlinear Reaction Diffusion Models with Applications in Spatial Ecology (Code: SS 40A), Jerome Goddard II, Auburn 
University, Montgomery AL, and Ratnasingham Shivaji, University of North Carolina.

NSF S-STEM Programs with Mathematical Connections (Code: SS 33A), Oscar Vega, California State University Fresno, 
Rebekah Dupont, Augsburg University, Yu-Ju Kuo, Indiana University of Pennsylvania, Perla Myers, University of San 
Diego, and Susan Pustejovsky, Alverno College.

Numerical Methods for Solving Polynomial Systems (Code: SS 70A), Dan Bates, US Naval Academy, and Michael Burr, 
Clemson University.

Operator Theory and Approximation in Spaces of Analytic Functions (Code: SS 13A), William Ross, University of Richmond, 
Alberto Condori, Florida Gulf Coast University, Elodie Pozzi, St Louis University, and Alan Sola, Stockholm University, 
Sweden.

Optimal Methods in Applicable Analysis Approximation & Optimization, Cyber Security & Geometric Function Theory (Code: SS 
42A), Ram Mohapatra, University of Central Florida, Surajit Borkotokey, Dibrugarh University, and Balendu Bhooshan 
Upadhyay, Indian Institute of Technology Patna.

Optimization and Algebraic Geometry (Code: SS 72A), Ali Mohammad Nezhad and Saugata Basu, Purdue University.
Partial Differential Equations and Spaces of Holomorphic Functions (Code: SS 19A), Marius Beceanu and Hyun-Kyoung 

Kwon, University of Albany SUNY.
PDEs in Optimization, Control, and Games, I (Associated with AMS Invited Address Ryan Hynd) (Code: SS 53A), Henok 

Mawi, Howard University, and Ryan Hynd, University of Pennsylvania.
Piecewise & Discontinuous Difference Equations & Applications (Code: SS 49A), Vlajko Kocic, Xavier University of Loui-

siana, and Michael A. Radin, Rochester Institute of Technology.
Quadratic Forms and Theta Functions (Code: SS 61A), Gene S. Kopp, University of Bristol, and Edna Jones, Rutgers 

University.
Quantization for Probability Distributions and Dynamical Systems (Code: SS 4A), Mrinal Kanti Roychowdhury, University 

of Texas Rio Grande Valley.
Quantum Algebra and Geometry (Code: SS 23A), Marco Aldi, Virginia Commonwealth University, Michael Penn, Ran-

dolph College, and Nicola Tarasca and Juan Villarreal, Virginia Commonwealth University.
Quaternions (Code: SS 31A), Johannes Familton, Borough of Manhattan Community College, Terrence Blackman, 

Medgar Evers College, and Chris McCarthy, Borough of Manhattan Community College.
Recent Advances in Ecological Modeling (Code: SS 24A), Punit Gandhi and David Chan, Virginia Commonwealth Uni-

versity.
Recent Trends in Discrete-Time Ecological and Epidemiological Models (Code: SS 41A), M.R.S. Kulenovic, University of 

Rhode Island, and Abdul Aziz Yakubu, Howard University.
Research in Mathematics by Undergraduates and Students in Post-Baccalaureate Programs (Code: SS 17A), Darren A. Narayan, 

Rochester Institute of Technology, Christopher O’Neil, San Diego State University, Khang Tran, California State University 
Fresno, Mark David Ward, Purdue University, and John Wierman, The Johns Hopkins University (AMS-MAA-SIAM).

Stochastic Analysis and Applications in Finance, Actuarial Science and Related Fields (Code: SS 1A), Julius N. Esunge, 
University of Mary Washington, See Keong Lee, University of Sciences, Peneng, Malaysia, and Isabelle Kemajou-Brown, 
Morgan State University.

The Inverse Eigenvalue Problem for Graphs, Zero Forcing, and Related Topics, I (a Mathematics Research Communities Session) 
(Code: SS 37A), Bryan L. Shader, University of Wyoming, and Leslie Hogben, Iowa State University/AIM.

The Legacy of Dick Askey (Code: SS 39A), Howard S. Cohl, National Institute of Standards & Tech, Mourad E.H. Ismail, 
University of Central Florida, and George E. Andrews, Penn State University, State College.

The Mathematics of RNA and DNA (Code: SS 30A), Chris McCarthy and Johannes Familton, Borough of Manhattan 
Community College.

Topology, Structure and Symmetry in Graph Theory (Code: SS 52A), Lowell Abrams, George Washington University, and 
Mark Ellingham, Vanderbilt University.

Understanding COVID-19: Mathematical Models to Address the Global Pandemic (Code: SS 50A), Hwayeon Ryu, Elon 
University, and Kamila Larripa, Humboldt State University.
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Variational Analysis and Optimization (Code: SS 56A), Hung M. Phan, University of Massachusetts Lowell, Sedi Bartz, 
Portland State University, and Mau Nam Nguyen, University of Massachusetts Lowell.

What Physics Teaches Us About Computation in High Dimension (Associated with AMS Josiah Willard Gibbs Lecture Lenka 
Zdeborova) (Code: SS 21A), Lenka Zdeborová, CEA Saclay (Paris).

Women Advancing Mathematical Biology Through Computational and Analytical Techniques (Associated with MAA-AMS-SIAM 
Gerald and Judith Porter Public Lecture Trachette Jackson) (Code: SS 35A), Katie Storey and Trachette Jackson, University 
of Michigan.

Women of Color in Applied Math and Analysis (Code: SS 54A), Mirjeta Pasha, Arizona State University, Nancy Rodriquez, 
University of Colorado Boulder, Caprice Stanley, The Johns Hopkins University Applied Physics Lab, and Omayra Ortega, 
Sonoma State University (AMS-AWM).

Women of Color in Topology and Algebra (Code: SS 68A), Emille Davie Lawrence, University of San Francisco, Candice 
Price, Smith College, and Carmen Wright, Jackson State University (AMS-AWM).

Atlanta, Georgia
Georgia Institute of Technology

March 13–14, 2021
Saturday – Sunday

Meeting #1164
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: December 2020

Program first available on AMS website: January 28, 2021
Program issue of electronic Notices: Not applicable
Issue of Abstracts: Volume 42, Issue 2

Deadlines
For organizers: August 13, 2020
For abstracts: January 19, 2021

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

Invited Addresses
Yaiza Canzani, University of North Carolina–Chapel Hill, Title To Be Announced.
Blair Sullivan, University of Utah, Title To Be Announced.
Jiongmin Yong, University of Central Florida, Title To Be Announced.

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

Advanced Topics in Graph Theory and Combinatorics, Songling Shan, Illinois State University.
Differential Graded Methods in Commutative Algebra, Saeed Nasseh, Georgia Southern University, and Adela Vraciu, 

University of South Carolina, Columbia.
Recent Developments on Analysis and Computation for Inverse Problems for PDEs (Code: SS 3A), Dinh-Liem Nguyen, Kansas 

State University, Loc Nguyen, University of North Carolina at Charlotte, and Khoa Vo, University of North Carolina at 
Charlotte.
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Providence, Rhode Island
Brown University

March 20–21, 2021
Saturday – Sunday

Meeting #1165
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: December 2020

Program first available on AMS website: January 28, 2021
Program issue of electronic Notices: Not applicable
Issue of Abstracts: Volume 42, Issue 2

Deadlines
For organizers: August 20, 2020
For abstracts: January 19, 2021

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

Invited Addresses
Jennifer Balakrishnan, Boston University, Title to be announced.
Sigal Gottlieb, University of Massachusetts at Dartmouth, Title to be announced.
Sam Payne, University of Texas, Title to be announced.

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

Applied Combinatorics, Carina Curto, Pennsylvania State University, and Pedro Felzenszwalb and Caroline Klivans, 
Brown University.

Commutative Algebra, Laura Ghezzi, Department of Mathematics, New York City College of Technology-CUNY, Saeed 
Nasseh, Georgia Southern University, and Oana Veliche, Northeastern University.

Current Trends in Combinatorial Commutative Algebra, Kuei-Nuan Lin, Pennsylvania State University, Greater Allegheny, 
and Augustine O’Keefe, Connecticut College.

Mirror Symmetry and Enumerative Geometry, Mandy Cheung, Harvard University, and Siu-Cheong Lau and Yu-Shen 
Lin, Boston University.

Recent Advances in Schubert Calculus and Related Topics, Cristian Lenart and Changlong Zhong, State University of New 
York at Albany.

Stochastic Analysis, Parisa Fatheddin and Aurel Stan, Ohio State University, Marion.

Cincinnati, Ohio
University of Cincinnati

April 17–18, 2021
Saturday – Sunday

Meeting #1166
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: January 2021

Program first available on AMS website: Not applicable
Program issue of electronic Notices: Not applicable
Issue of Abstracts: Volume 42, Issue 2

Deadlines
For organizers: February 25, 2021
For abstracts: February 16, 2021

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

Invited Addresses
Fabrice Baudoin, University of Connecticut, Title to be announced.
Malabika Pramanik, University of British Columbia and BIRS, Title to be announced.
Maksym Radziwill, Caltech, 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 www.ams.org/cgi-bin/abstracts/abstract.pl.

Legendrian Knots and Surfaces, Honghao Gao, Michigan State University, and Dan Rutherford, Ball State University.
Nonsmooth Analysis and Geometry, Luca Capogna, Worcester Polytechnic Institute, and Gareth Speight and Nageswari 

Shanmugalingam, University of Cincinnati.
Set Theory, Paul Larson, Miami University, and Justin Tatch Moore, Cornell University.

San Francisco, California
San Francisco State University

May 1–2, 2021
Saturday – Sunday

Meeting #1167
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: February 2021

Program first available on AMS website: February 25, 2021
Program issue of electronic Notices: Not applicable
Issue of Abstracts: Volume 42, Issue 2

Deadlines
For organizers: October 1, 2020
For abstracts: February 16, 2021

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

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

Differential Geometry and Geometric PDE, Alfonso Agnew, Nicholas Brubaker, Thomas Murphy, Shoo Seto, and Bog-
dan Suceavă, California State University, Fullerton.

Grenoble, France
Université de Grenoble-Alpes

July 5–9, 2021
Monday – Friday

Meeting #1168
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: May 2021

Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: Not applicable

Deadlines
For organizers: September 15, 2020
For abstracts: To be announced

Buenos Aires, Argentina
The University of Buenos Aires

July 19–23, 2021
Monday – Friday

Meeting #1169
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: May 2021

Program first available on AMS website: To be announced
Program issue of electronic Notices: To be announced
Issue of Abstracts: Not applicable

Deadlines
For organizers: Expired
For abstracts: To be announced
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Buffalo, New York
University at Buffalo (SUNY)

September 18–19, 2021
Saturday – Sunday

Meeting #1170
Eastern Section
Associate secretary: Steven H. Weintraub
Announcement issue of Notices: June 2021

Program first available on AMS website: August 5, 2021
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 42, Issue 3

Deadlines
For organizers: February 18, 2021
For abstracts: July 27, 2021

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

Invited Addresses
Kirstin Eisentraeger, Pennsylvania State University, Title to be announced.
Jason Manning, Cornell University, Title to be announced.
Jennifer Mueller, Colorado State University, Title to be announced.

Omaha, Nebraska
Creighton University

October 9–10, 2021
Saturday – Sunday

Meeting #1171
Central Section
Associate secretary: Georgia Benkart
Announcement issue of Notices: August 2021

Program first available on AMS website: August 19, 2021
Program issue of electronic Notices: Not applicable
Issue of Abstracts: Volume 42, Issue 3

Deadlines
For organizers: March 9, 2021
For abstracts: August 10, 2021

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

Invited Addresses
Daniel Erman, University of Wisconsin-Madison, Title to be announced.
Jasmine Foo, University of Minnesota-Twin Cities, Title to be announced.
Kay Kirkpatrick, University of Illinois Urbana-Champaign, Title to be announced.

Albuquerque, New Mexico
University of New Mexico

October 23–24, 2021
Saturday – Sunday

Meeting #1172
Western Section
Associate secretary: Michel L. Lapidus
Announcement issue of Notices: August 2021

Program first available on AMS website: September 2, 2021
Program issue of electronic Notices: Not applicable
Issue of Abstracts: Volume 42, Issue 4

Deadlines
For organizers: March 23, 2021
For abstracts: August 24, 2021

The scientific information listed below may be dated. For the latest information, see www.ams.org/amsmtgs/sectional.html.
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Special Sessions
If you are volunteering to speak in a Special Session, you should send your abstract as early as possible via the abstract submission 
form found at www.ams.org/cgi-bin/abstracts/abstract.pl.

Inverse Problems, Hanna Makaruk, Los Alamos National Laboratory, and Robert Owczarek, University of New Mexico.

Mobile, Alabama
University of South Alabama

November 20–21, 2021

Saturday – Sunday

Meeting #1173

Southeastern Section

Associate secretary: Brian D. Boe

Announcement issue of Notices: September 2021

Program first available on AMS website: September 30, 
2021
Program issue of electronic Notices: To be announced
Issue of Abstracts: Volume 42, Issue 4

Deadlines
For organizers: April 20, 2021
For abstracts: September 21, 2021

Seattle, Washington
Washington State Convention Center and the Sheraton Seattle Hotel

January 5–8, 2022

Wednesday – Saturday

Meeting #1174

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

Charlottesville, Virginia
University of Virginia

March 11–13, 2022
Friday – Sunday

Meeting #1175
Southeastern Section
Associate secretary: Brian D. Boe
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: August 12, 2021

For abstracts: January 18, 2022

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

Invited Addresses
Moon Duchin, Tufts University, Title to be announced (Einstein Public Lecture in Mathematics).
Laura A Miller, University of North Carolina at Chapel Hill, Title to be announced.
Betsy Stovall, University of Wisconsin-Madison, Title to be announced.
Yusu Wang, The Ohio State University, 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 http://www.ams.org/cgi-bin/abstracts/abstract.pl.

Advances in Difference, Differential, Fractional Differential and Dynamic Equations with Applications (Code: SS 6A), Mu-
hammad Islam and Youssef Raffoul, University of Dayton.

Advances in Infectious Disease Modeling: From Cells to Populations (Code: SS 5A), Lauren Childs, Stanca Ciupe, and 
Omar Saucedo, Virginia Tech.

Advances in Operator Algebras (Code: SS 11A), Ben Hayes and David Sherman, University of Virginia.
Algebraic Groups: Arithmetic and Geometry (Code: SS 1A), Raman Parimala, Emory University, Andrei Rapinchuk, Uni-

versity of Virginia, and Igor Rapinchuk, Michigan State University.
Celebrating Diversity in Mathematics (Code: SS 7A), Lauren Childs, Virginia Tech, Sara Maloni, University of Virginia, 

and Rebecca R.G., George Mason University.
Combinatorial Methods in Geometric Group Theory (Code: SS 19A), Tarik Aougab, Haverford College, Marrissa Loving, 

Georgia Institute of Technology, and Priyam Patel, University of Utah.
Commutative Algebra (Code: SS 2A), Eloísa Grifo, University of California, Riverside, and Sean Sather-Wagstaff, Clem-

son University.
Homotopy Theory (Code: SS 10A), Julie Bergner and Nick Kuhn, University of Virginia.
Integrable Probability (Code: SS 14A), Leonid Petrov, University of Virginia, and Axel Saenz, Tulane University.
Knots and Links in Low-Dimensional Topology (Code: SS 13A), Thomas Mark, University of Virginia, and Allison Moore, 

University of California Davis.
Knot Theory and its Applications (Code: SS 20A), Hugh Howards and Jason Parsley, Wake Forrest University, and Eric 

Rawdon, St Thomas University.
Mathematical String Theory (Code: SS 8A), Ilarion Melnikov, James Madison University, Eric Sharpe, Virginia Tech, 

and Diana Vaman, University of Virginia.
Probabilistic Methods in Geometry and Analysis (Code: SS 12A), Fabrice Baudoin and Li Chen, University of Connecticut.
Recent Advances in Graph Theory and Combinatorics (Code: SS 17A), Neal Bushaw, Virginia Commonwealth University, 

and Martin Rolek and Gexin Yu, College of William and Mary.
Recent Advances in Harmonic Analysis (Code: SS 3A), Amalia Culiuc, Amherst College, Yen Do, University of Virginia, 

and Eyvindur Ari Palsson, Virginia Tech.
Recent Progress on Singular and Oscillatory Integrals (Code: SS 4A), Betsy Stovall and Joris Roos, University of Wiscon-

sin-Madison.
Representation Theory of Algebraic Groups and Quantum Groups: A Tribute to the Work of Cline, Parshall and Scott (CPS) 

(Code: SS 18A), Chun-Ju Lai and Daniel K. Nakano, University of Georgia, and Weiqiang Wang, University of Virginia.
Tensors and Complexity (Code: SS 16A), Visu Makam, Institute for Advanced Study, and Rafael Oliveira, University of 

Waterloo.
Vertex Algebras and Geometry (Code: SS 9A), Marco Aldi, Virginia Commonwealth University, Michael Penn, Randolph 

College, and Nicola Tarasca and Juan Villarreal, Virginia Commonwealth University.
Youth and Enthusiasm in Arithmetic Geometry and Number Theory (Code: SS 15A), Evangelia Gazaki and Ken Ono, 

University of Virginia.

Medford, Massachusetts
Tufts University

March 19–20, 2022
Saturday – Sunday

Meeting #1176
Eastern Section
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: August 24, 2021
For abstracts: January 18, 2022
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The scientific information listed below may be dated. For the latest information, see www.ams.org/amsmtgs/sectional.html.

Invited Addresses
Daniela De Silva, Barnard College, Columbia University, Title to be announced.
Enrique R. Pujals, Graduate Center, CUNY, Title to be announced.
Christopher T Woodward, Rutgers University, New Brunswick, Title to be announced.

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

Analysis on Homogeneous Spaces (Code: SS 7A), Jens Christensen, Colgate University, Matthew Dawson, CIMAT, Mérida, 
México, and Fulton Gonzalez, Tufts University.

Automorphisms of Riemann Surfaces, Subgroups of Mapping Class Groups and Related Topics (Code: SS 3A), S. Allen Brough-
ton, Rose-Hulman Institute of Technology, Jen Paulhus, Grinnell College, and Aaron Wootton, University of Portland.

Equivariant Cohomology (Code: SS 4A), Jeffrey D. Carlson, The Fields Institute, and Loring Tu, Tufts University.
Homological Methods in Commutative Algebra (Code: SS 6A), Janet Striuli, Fairfield University and National Science 

Foundation, and Oana Veliche, Northeastern University.
Inverse Problems and Their Applications (Code: SS 1A), Youssef Qranfal, Wentworth Institute of Technology.
Mathematics of Data Science (Code: SS 2A), Vasileios Maroulas, University of Tennessee Knoxville, and James M. 

Murphy, Tufts University.
Symmetries of Polytopes, Maps, and Graphs (Code: SS 5A), Gabe Cunningham, University of Massachusetts Boston, and 

Mark Mixer, Wentworth Institute of Technology.

West Lafayette, Indiana
Purdue University

March 26–27, 2022
Saturday – Sunday

Meeting #1177
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: August 31, 2021
For abstracts: January 25, 2022

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

Invited Addresses
Christine Berkesch, University of Minnesota, Title to be announced.
Matthew Hedden, Michigan State University, Title to be announced.
Brian Street, University of Wisconsin, Title to be announced.

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

Analysis and Probability in Sub-Riemannian Geometry (Code: SS 5A), Jeremy Tyson, University of Illinois at Urbana-Cham-
paign, and Jing Wang, Purdue University.

A Women in Analysis Research Network Event (Code: SS 4A), Donatella Danielli-Garafalo, Purdue University, and Irina 
Mitrea, Temple University.

Harmonic Analysis (Code: SS 2A), Shaoming Guo and Brian Street, University of Wisconsin-Madison.
Quantum Algebra and Quantum Topology (Code: SS 1A), Shawn Cui, Purdue University, Julia Plavnik, Indiana University, 

and Tian Yang, Texas A&M University.
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The Interface of Harmonic Analysis and Analytic Number Theory (Code: SS 3A), Theresa Anderson, Purdue University, 
Robert Lemke Oliver, Tufts University, and Eyvindur Palsson, Virginia Tech University.

Denver, Colorado
University of Denver

May 14–15, 2022
Saturday – Sunday

Meeting #1178
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: October 12, 2021
For abstracts: March 15, 2022

El Paso, Texas
University of Texas at El Paso

September 17–18, 2022
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

Chattanooga, Tennessee
University of Tennessee at Chattanooga

October 15–16, 2022
Saturday – Sunday
Southeastern Section
Associate secretary: Brian D. Boe
Announcement issue of Notices: To be announced
Program first available on AMS website: To be announced

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

The scientific information listed below may be dated. For the latest information, see 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.

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

Applied Knot Theory (Code: SS 1A), Jason Cantarella, University of Georgia, Eleni Panagiotou, University of Tennessee 
at Chattanooga, and Eric Rawdon, University of St Thomas.

Geometric and Topological Generalization of Groups (Code: SS 4A), Bikash C Das, University of North Georgia.
Nonstandard Elliptic and Parabolic Regularity Theory with Applications (Code: SS 2A), Hongjie Dong, Brown University, 

and Tuoc Phan, University of Tennessee, Knoxville.
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Probability and Statistical Models with Applications (Code: SS 5A), Sher Chhetri, University of South Carolina, Sumter, 
and Cory Ball, Florida Atlantic University.

Structural and Extremal Graph Theory (Code: SS 3A), Hao Huang, Emory University, and Xingxing Yu, Georgia Institute 
of Technology.

Salt Lake City, Utah
University of Utah

October 22–23, 2022
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

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

Fresno, California
California State University, Fresno

May 6–7, 2023
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: October 4, 2022
For abstracts: March 7, 2023

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

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

Advances by Scholars in the Pacific Math Alliance (Code: SS 22A), Andrea Arauza Rivera, California State University, East 
Bay, Mario Banuelos, California State University, Fresno, and Jessica De Silva, California State University, Stanislaus.

Advances in Functional Analysis and Operator Theory (Code: SS 6A), Michel L. Lapidus, University of California, Riverside, 
Marat V. Markin, California State University, Fresno, and Igor Nikolaev, St. John’s University.

Algebraic Structures in Knot Theory (Code: SS 4A), Carmen Caprau, California State University, Fresno, and Sam Nelson, 
Claremont McKenna College.

Algorithms in the study of hyperbolic 3-manifolds (Code: SS 26A), Robert Haraway, III and Maria Trnkova, University of 
California, Davis.
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Analysis of Fractional Differential and Difference Equations with its Application (Code: SS 20A), Bhuvaneswari Samband-
ham, Dixie State University, and Aghalaya S. Vatsala, University of Louisiana at Lafayette.

Artin-Schelter regular algebras and related topics (Code: SS 27A), Ellen Kirkman, Wake Forest University, and James 
Zhang, University of Washington.

Combinatorics Arising from Representations (associated with the Invited Address by Sami Assaf) (Code: SS 16A), Sami Assaf, 
University of Southern California, Nicolle Gonzalez, University of California, Los Angeles, and Brendan Pawloski, 
University of Southern California.

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.

Math Circle Games and Puzzles that Teach Deep Mathematics (Code: SS 13A), Maria Nogin and Agnes Tuska, California 
State University, Fresno.

Mathematical Biology: Confronting Models with Data (Code: SS 21A), Erica Rutter, University of California, Merced.
Mathematical Methods in Evolution and Medicine (associated with the Invited Address by Natalia Komarova) (Code: SS 1A), 

Natalia Komarova and Jesse Kreger, University of California, Irvine.
Methods in Non-Semisimple Representation Categories (Code: SS 11A), Eric Friedlander, University of Southern California, 

Los Angeles, Julia Pevtsova, University of Washington, Seattle, and Paul Sobaje, Georgia Southern University, Statesboro.
Recent Advances in Mathematical Biology, Ecology, Epidemiology, and Evolution (Code: SS 10A), Lale Asik, Texas Tech Uni-

versity, Khanh Phuong Nguyen, University of Houston, and Angela Peace, Texas Tech University.
Research in Mathematics by Early Career Graduate Students (Code: SS 7A), Doreen De Leon, Marat Markin, and Khang 

Tran, California State University, Fresno.
Scientific Computing (Code: SS 19A), Changho Kim, University of California, Merced, and Roummel Marcia.
The use of computational tools and new augmented methods in networked collective problem solving (Code: SS 18A), Mario 

Banuelos, California State University, Fresno, Andrew G. Benedek, Research Centre for the Humanities, Hungary, and 
Agnes Tuska, California State University, Fresno.

Women in Mathematics (Code: SS 12A), Doreen De Leon, Katherine Kelm, and Oscar Vega, California State University, 
Fresno.

Zero Distribution of Entire Functions (Code: SS 9A), Khang Tran and Tamás Forgács, California State University, Fresno.
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Distribution Center

35 Monticello Place,  
Pawtucket, RI 02861 USA
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Linear Algebra  
Michael E. Taylor, University of North Carolina, Chapel Hill

The purpose of this book is to provide a treatment of this 
subject in sufficient depth to prepare the reader to tackle 
such further material.
Pure and Applied Undergraduate Texts, Volume 45; 2020; 328 pages; 
Softcover; ISBN: 978-1-4704-5670-2; List US$85; AMS members US$68; 
MAA members US$76.50; Order code AMSTEXT/45

Rings with Polynomial Identities
and Finite Dimensional Representations
of Algebras
Eli Aljadeff, Technion-Israel Institute of Technology, Haifa, Israel,
Antonio Giambruno, Universitá di Palermo, Italy,
Claudio Procesi, Universitá di Roma “La Sapienza,” Italy, and
Amitai Regev, The Weitzmann Institute of Science, Rehovot, Israel

PI algebra is the main object of study in this book, which 
can be used by graduate students and researchers alike.
Colloquium Publications, Volume 66; 2020; approximately 630 pages; 
Softcover; ISBN: 978-1-4704-5174-5; List US$99; AMS members US$79.20; 
MAA members US$89.10; Order code COLL/66

Rational Numbers to Linear Equations
Hung-Hsi Wu, University of California, Berkeley

This book should be useful for current and future teachers 
of K–12 mathematics, as well as for some high school stu-
dents and for education professionals.
2020; 450 pages; Softcover; ISBN: 978-1-4704-5675-7; List US$50; AMS 
members US$40; MAA members US$45; Order code MBK/131

Function Theory and � p  Spaces
Raymond Cheng, Old Dominion University, Norfolk, VA,
Javad Mashreghi, Laval University, Quebec City, QC, Canada,
and William T. Ross, University of Richmond, VA

Except for some basic measure theory, functional analysis, 
and complex analysis, which the reader is expected to know, 
the material in this book is self-contained and detailed 
proofs of nearly all the results are given.
University Lecture Series, Volume 75; 2020; 219 pages; Softcover; ISBN: 
978-1-4704-5593-4; List US$55; AMS members US$44; MAA members 
US$49.50; Order code ULECT/75

NOW AVAILABLE 
from the AMS

= Textbook

American Mathematical Society

Colloquium Publications
Volume 66

Rings with Polynomial 
Identities and Finite 
Dimensional 
Representations 
of Algebras

Eli Aljadeff
Antonio Giambruno
Claudio Procesi
Amitai Regev

Discover more titles at bookstore.ams.org

http://facebook.com/amermathsoc
http://www.twitter.com/amermathsoc
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