
Schedule of talks.

Monday (September 23)
Morning session

9:00-9:45

Jes�us A. De Loera (University of California, Davis)

Tverberg-type theorems with altered nerves and problems
of Data classi�cation

Abstract. The classical Tverberg's theorem says that a set with
su�ciently many points in Rd can always be partitioned into m parts
so that the (m - 1)-simplex is the (nerve) intersection pattern of the
convex hulls of the parts. Our main results demonstrate that Tver-
berg's theorem is but a special case of a much more general situation.
Given su�ciently many points, any tree or cycle, can also be induced
by at least one partition of the point set. The proofs require a deep
investigation of oriented matroids and order types. Our results are
strongly related to the classi�cation of data.

Joint work with Deborah Oliveros, Tommy Hogan, Dominic Yang
(supported by NSF).
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Monday (September 23)
Morning session

10:00-10:45

Catherine Yan (Texas A&M University)

Vector Parking Functions with Periodic Boundaries and
Rational Parking Functions

Abstract. Vector parking functions are sequences of non-
negative integers whose order statistics are bounded by a given integer
sequence u = (u0, u1, u2, . . . ). Using the theory of fractional power
series and an analog of Newton-Puiseux Theorem, we derive the ex-
ponential generating function for the number of u-parking functions
when u is periodic. Our method is to convert an Appell relation of
Gon�carov polynomials to a system of linear equations. Solving the
system we obtain an explicit formula of the exponential generating
function in terms of Schur functions of certain fractional power series.
In particular, we apply our methods to rational parking functions
for which the boundary is induced by a linear function with rational
slope.
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Monday (September 23)
Morning session

11:00-11:45

Hiroshi Nozaki (Aichi University of Education)

Maximal 2-distance sets containing the regular simplex

Abstract. A �nite subset X of the Euclidean space is called an
s-distance set if the number of the distances of two distinct vectors
in X is equal to s. An s-distance set X is said to be maximal if any
vector cannot be added to X while maintaining s-distance. We inves-
tigate a necessary and su�cient condition for vectors to be added to
the regular simplex such that the set has only 2 distances. We con-
struct several maximal 2-distance sets that contain the regular sim-
plex. In particular, there exist in�nitely many maximal non-spherical
2-distance sets that contain both the regular simplex and the repre-
sentation of a strongly resolvable design. The maximal 2-distance set
has size 2k2(k + 1), and the dimension is d = (k − 1)(k + 1)2 − 1,
where k is a prime power.
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Monday (September 23)
Afternoon session

2:00-2:45

Pavel Galashin (University of California, Los Angeles)

Higher Secondary Polytopes and Regular Plabic Graphs

Abstract. Given a con�guration A of n points in Rd−1, we intro-
duce the higher secondary polytopes ΣA,1, . . . ,ΣA,n−d, which have the
property that ΣA,1 agrees with the secondary polytope of Gelfand�
Kapranov�Zelevinsky, while the Minkowski sum of these polytopes
agrees with Billera�Sturmfels' �ber zonotope associated with (a lift
of) A. In a special case when d = 3, we refer to our polytopes as
higher associahedra. They turn out to be related to the theory of
total positivity, speci�cally, to certain combinatorial objects called
plabic graphs, introduced by Postnikov in his study of the totally pos-
itive Grassmannian. We de�ne a subclass of regular plabic graphs
and show that they correspond to the vertices of the higher associa-
hedron ΣA,k, while square moves connecting them correspond to the
edges of ΣA,k. Finally we connect our polytopes to soliton graphs,
the contour plots of soliton solutions to the KP equation, which were
recently studied by Kodama and Williams. In particular, we con�rm
their conjecture that when the higher times evolve, soliton graphs
change according to the moves for plabic graphs. Joint work with
Alexander Postnikov and Lauren Williams.
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Monday (September 23)
Afternoon session

3:00-3:45

Anton Dochtermann (Texas State University)

Exposed circuits, chordal clutters,
and extendably shellable complexes

Abstract. Chordal graphs are widely studied combinatorial ob-
jects with many applications and characterizations. They also make
an appearance in commutative algebra in the context of Fr�oberg's
theorem, which says that a graph is chordal if and only a certain un-
derlying quadratic ideal has a `linear resolution'. A number of authors
have provided higher-dimensional analogues of this result, describ-
ing combinatorial classes of d-clutters whose associated circuit ideals
satisfy certain homological properties. Inspired by recent results in
chordal graphs we show that `linear quotients' of such ideals can be
characterized in terms of removing `exposed circuits' in the comple-
ment clutter. This leads to a notion of higher dimensional `chordal
complexes' that borrows from simple homotopy theory and commu-
tative algebra. We investigate applications of our results including a
connection to Simon's conjecture, which posits that the k-skeleta of
a simplex are extendably shellable. For example in joint work with
Jared Culbertson, Dan Guralnik, and Peter Stiller we show that any
shellable d-dimensional simplicial complex with d + 3 vertices is ex-
tendably shellable.
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Monday (September 23)
Afternoon session

4:00-4:45

Acadia Larsen (University of Texas Rio Grande Valley)

Combinatorial Proofs for Partition Identities and
Divisibility Properties for Partitions of n with at Most m

Parts

Abstract. We show for a prime power number of parts m that
the �rst di�erences of partitions into at mostm parts can be expressed
as a non-negative linear combination of partitions into at most m− 1
parts. To show this relationship, we combine a quasipolynomial con-
struction of p(n,m) with a new partition identity for a �nite num-
ber of parts. Furthermore, we use this combinatorial interpretation
to provide �universial� bijective proofs for divisibility properties of
p(n,m).

6



Tuesday (September 24)
Morning session

9:00-9:45

Lorenzo Sadun (University of Texas at Austin)

Nucleation in Random Graphs

Abstract. Ensembles of large random graphs with hard con-
straints on the numbers of edges and triangles exhibit a number of
very di�erent phases. At a previous South Texas Discrete Geome-
try conference, I reported on the overall phase portrait and on what
a typical graph in each of these phases looks like. After reviewing
those results, I will report on recent progress on the way that a large
but �nite graph can change form from one phase to another, a process
(vaguely) analogous to the nucleation of crystals as a �uid cools. This
is joint work with Charles Radin and Joe Neeman.
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Tuesday (September 24)
Morning session

10:00-10:45

Nathan Williams (University of Texas at Dallas)

Fixed Points of Parking Functions

Abstract. We de�ne an action of words in [m]n on Rm to give a
new characterization of rational parking functions�they are exactly
those words whose action has a �xed point. We use this viewpoint
to give a simple de�nition of Gorsky, Mazin, and Vazirani's zeta map
on rational parking functions when m and n are coprime, and prove
that this zeta map is invertible. A specialization recovers Loehr and
Warrington's sweep map on rational Dyck paths. This is joint work
with Jon McCammond and Hugh Thomas.
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Tuesday (September 24)
Morning session

11:00-11:45

Masanori Sawa (Kobe University)

On a certain system of Diophantine equations and
Gaussian designs

Abstract. In this talk we �rst introduce a certain system of
Diophantine equations, originally designed as Hausdor�'s simpli�ca-
tion of Hilbert's solution of Waring problem, and then describe a close
connection with quasi-Hermite polynomials in special function theory,
Gaussian designs in algebraic combinatorics and Christo�el-Darboux
kernels in functional analysis. We show some nonsolvability theorems
for our equations. This is a joint work with Yukihiro Uchida (Tokyo
Metropolitan University).
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Tuesday (September 24)
Afternoon session

2:00-2:45

Dmitriy Bilyk (University of Minnesota)

Discrete minimizers of energies on the sphere

Abstract. The phenomenon of clustering of optimal measures for
various interaction energies has been observed both numerically and
theoretically: for certain types of interactions f(x, y) (for example, for
attractive-repulsive potentials) the minimum of the continuous energy
integral ∫

Ω

∫
Ω

f(x, y)dµ(x)dµ(y)

over all Borel probability measures is attained by discrete measures.
We shall discuss various manifestations of this phenomenon, with a
particular emphasis on the case when Ω = Sd−1 is a sphere. One
of the most interesting examples in this case is the p-frame energy,
corresponding to the potential f(x, y) = |〈x, y〉|p, p > 0. When cer-
tain highly symmetric con�gurations (tight designs) exist, they pro-
vide discrete minimizers of this energy for certain ranges of p, and
it is conjectured that all minimizers are discrete whenever p 6∈ 2N.
Other examples of this type include the Fejes T�oth conjecture on the
sum of line angles, the causal variational principle from mathematical
physics, and other energies.
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Tuesday (September 24)
Afternoon session

3:00-3:45

Timothy Huber (University of Texas Rio Grande Valley)

Partition Congruences Associated with Modular Forms of
Level 7

Abstract. Congruences and other identities are derived for a set
of colored partition functions associated with modular forms of level
7. The congruences result from linear transformations between vector
spaces of modular forms of weight 1. Basis elements for the vector
spaces are derived from a computer search for theta quotients arising
from elliptic functions of a speci�ed form.
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Wednesday (September 25)
Morning session

9:00-9:45

Art Duval (University of Texas at El Paso)

Counting topologies of metric of holomorphic polynomial
�eld with simple zeros

Abstract. We reduce the problem in the title to the prob-
lem of counting unlabeled planar trees with black and white vertices,
where each white vertex has degree at least three, and where no white
vertices are adjacent. We use the theory of species to describe a gen-
erating function in terms of a root of a cubic equation; this is good
enough for a computer algebra system to explicitly compute the num-
ber of trees with m black vertices and n white vertices for many small
values of m and n. In particular, we give the number of trees up to
m = 13 black vertices. A key tool is an extension of the Dissymmetry
Theorem to certain multi-sort species.

This is joint work with Mart�in Eduardo Armenta-Fr�ias.
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Wednesday (September 25)
Morning session

10:00-10:45

Greta Panova (University of Southern California)

Hook formulas for skew shapes

Abstract. In 2014, Naruse announced a formula for skew shapes
as a positive sum of products of hook-lengths using "excited dia-
grams" coming from the Algebraic Geometry of the Grassmannian.
We will show several combinatorial and algebraic proofs of this for-
mula. Multivariate versions of the hook formula lead to exact product
formulas for certain skew SYTs and evaluations of Schubert poly-
nomials. The Naruse hook-length formula can also be used to de-
rive asymptotic results for the fλ/µ's in many regimes, and principal
evaluations of certain Schubert polynomials shedding light over Stan-
ley's �Schubert shenanigans� conjectures. Joint work with Alejandro
Morales and Igor Pak.
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Wednesday (September 25)
Morning session

11:00-11:45

Zhenyang Zhang (University of California, Davis)

On the Diameters of Oriented Matroids

Abstract. Motivated by the famous open question of the com-
plexity of the simplex method and of the criss-cross method, we inves-
tigate the diameter of the cocircuit graph of an oriented matroid. An
important special case is that of realizable oriented matroids where
this project just considers the graph of the hyperplane arrangement.

The diameter ofM is de�ned as the largest distance between two
vertices on GM. We denote by ∆(n, r) the length of the largest di-
ameter on the graphs corresponding to GM over all oriented matroid
M = (E, C∗) with |E| = n and rank r. I will present a quadratic
bound for all oriented matroids, and some other improved bounds
for special families of oriented matroids. Joint work with Ilan Adler
(Berkeley), Jes�us A. De Loera (Davis), and Steve Klee (Seattle).

14



Wednesday (September 25)
Afternoon session

2:00-2:45

Nikolay Dolbilin (Steklov Mathematical Institute and Moscow
State University)

2R-isometrical Delone Sets

Abstract. In a Delone set X ⊂ Rd with parameters r and R,
the R can be interpreted as the radius of the largest ball free of points
from X and the 2r as the shortest interpoint distance in X. A Delone
set X is a regular system if its symmetry group Sym(X) is point-
transitive. A subset Cx(ρ) := {y ∈ X : |xy| ≤ ρ} is called a ρ-cluster.
Two ρ-clusters Cx(ρ) and Cx′(ρ) are equivalent if there is an isometry
g of Rd such that g(x) = x′ and g(Cx(2R)) = Cx′(2R). It is obvious
that in a regular system X for each ρ > 0 all ρ-clusters are pairwise
equivalent. Let Sx(2R) denote the symmetry group of the 2R-cluster.

Which radius ρ̂d should be taken so that the mutual equivalence
of ρ̂d-clusters Cx(ρ̂d) for all x ∈ X would guarantee the regularity of
the Delone set X? � is one of central problems of the local theory for
regular systems.

A Delone set X is 2R-isometrical if 2R-clusters Cx(2R) for all x ∈
X are pairwise equivalent. In a 2R-isometrical set the groups Sx(2R)
of 2R-clusters for x ∈ X are conjugate to each other in the group
Iso(d). For any d ≥ 2, a 2R-isometrical set X ⊂ Rd is not necessarily
a regular system. Nevertheless, the study of 2R-isometrical sets and
of the groups Sx(2R) is a very important task in the context of regular
systems and obtaining new estimates for the regularity radius. In the
talk we will discuss results on 2R-isometrical sets and regular systems
obtained within the local theory of regular systems.
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Wednesday (September 25)
Afternoon session

3:00-3:45

Josiah Park (Georgia Tech)

Designs, Lattices, and Energy Optimization

Abstract. Lattices and �nite vector systems hold important roles
in various packing questions, which in turn have implications in many
scienti�c disciplines. A natural question concerning both objects is
what properties lattices inherit from the vectors that generate them?
Or in other words, what restrictions must hold for lattices generated
from structured systems? Desirable properties of such lattices might
be that the shortest vectors are �well-spread� (and that these vectors
also act as generators). Another well-motivated question, dropping
consideration of lattices, asks how to spread lines (through the origin)
or points on a sphere so as to minimize �energy�. The behavior of
minimizers for interaction energies of the form

Ip(µ) =

∫
Sd−1
F

∫
Sd−1
F

|〈x, y〉|pdµ(x)dµ(y)

provide an interesting case-study. It turns out that when a tight
projective t-design exists, equally distributing mass over it gives a
minimizer of the quantity Ip on a range between consecutive even in-
tegers associated with the strength t. Numerical studies show that
several other exceptional objects might be expected to minimize on
ranges of p, and that minimizers may be generally discrete when
p > 0 is not even. I will talk about developments in these areas
represented through collaborations with Dmitriy Bilyk, Lenny Fuk-
shansky, Alexey Glazyrin, Ryan Matzke, Deanna Needell, Oleksandr
Vlasiuk, and Yuxin Xin.
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Thursday (September 26)
Morning session

9:00-9:45

Peter Dragnev (Purdue University Fort Wayne)

Mastodon Theorem - 20 Years in the Making

Abstract. The Mastodon theorem (PD., D. Legg, D. Townsend,
2002), establishes that the regular bi-pyramid (North and South poles,
and an equilateral triangle on the Equator) is the unique up to rota-
tion �ve-point con�guration on the sphere that maximizes the product
of all mutual distances. More generally, given a con�guration of points
{x1, . . . , xN} on the unit sphere in Sn−1 ⊆ Rn, its Riesz s-energy is
de�ned as∑

1≤i<j≤N

1

‖xi − xj‖s
, s > 0;

∑
1≤i<j≤N

log
1

‖xi − xj‖
, s = 0.

The regular bi-pyramid minimizes the logarithmic energy (s = 0 case)
for �ve points on S2.

Optimal point con�gurations that minimize the s-energy have
broad applications in sciences, economics, information theory, etc.
Rigorous proofs of optimality are extremely hard though. Even the
important Coulomb energy (s = 1) case for �ve points on the unit
sphere in 3-D space was resolved only recently (2013) by Richard
Schwartz utilizing a computer-aided proof. In a subsequent mono-
graph Schwartz extends the optimality of the bipyramid to all s < s∗.

In a joint work with Oleg Musin we generalize the Mastodon Theo-
rem to n+2 points on Sn−1, namely we characterize all stationary con-
�gurations, and show that all local minima occur when a con�guration
splits in two orthogonal simplexes of k and ` vertices, k + ` = n+ 2,
with global minimum attained when k = ` or k = `+ 1 depending on
the parity of n.
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Thursday (September 26)
Morning session

10:00-10:45

Edgardo Rold�an-Pensado (Universidad Nacional Aut�onoma de
M�exico)

Equipartitions and the Mahler Conjecture

Abstract. The Mahler volume of a symmetric convex body is
the product of its volume and the volume of its dual. There is a
conjecture stating the hypercubes have the smallest possible Mahler
volume. In 2017, Iriyeh and Shibata published a very long proof in
dimension three of this conjecture. I want to discuss a simpler proof
in which one of the steps involves solving an interesting equipartition
problem. This work is joint with M. Fradelizi, A. Hubard, M. Meyer
and A. Zvavitch.
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Thursday (September 26)
Morning session

11:00-11:45

Masatake Hirao (Aichi Prefectural University)

Finite frames, frame potentials and determinanal point
processes on the sphere

Abstract. In this talk we discuss on frame potentials of sev-
eral types of determinantal point processes on the sphere, which are
used in a fermion model in quantum mechanics and also studied in
probability theory. We compare these random point con�gurations
with spherical designs, which are one of the non-random �good" point
con�gurations on the sphere, and also discuss on its applications to
numerical integrations. Moreover, we also discuss some other poten-
tial energies and discrepancies if possible.
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Thursday (September 26)
Afternoon session

2:00-2:45

Jacob White (University of Texas Rio Grande Valley)

Cohen-Macaulay Coloring Complexes

Abstract. A coloring complex is a relative simplicial complex
that arise in combinatorics. The �rst example is the coloring complex
of a graph: the chromatic polynomial of a graph is the Hilbert polyno-
mial of the corresponding coloring complex. Hence, information about
the coloring complex implies information about chromatic polynomi-
als. However, there are coloring complexes for posets and matroids
as well. Our motivation is to �nd new inequalities for the coe�cients
of such polynomials. Recently, Sanyal has found new conditions on
Hilbert polynomials of relative Cohen-Macaulay complexes.

We are interested in studying minor-closed families of colorings
complexes (such as all coloring complexes coming from graphs, posets,
or matroids). Our goal is to determine necessary and su�cient com-

binatorial conditions for determining when all coloring complexes in
a minor-closed family are Cohen-Macaulay. We will report on our
partial progress in this area.
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Thursday (September 26)
Afternoon session

3:00-3:45

Brandt Kronholm (University of Texas Rio Grande Valley)

Recent Partition Theory Results on the Coe�cients of
Gaussian Polynomials

Abstract. In this talk we review several results obtained over
the past 18 months on the coe�cients of Gaussian polynomials with
a look towards future research. Gaussian polynomials are also known
as the q-binomial coe�cients and are often denoted by

[
N+m
m

]
. They

are the generating functions for partitions of n into at most m parts,
no part larger than N , denoted by p(n,m,N).

We prove a general theorem on an in�nite family of prime divisi-
bilities for p(n,m,N) and a general result on the largest coe�cient of
any given Gaussian polynomial. A result on combinatorial statistics
related to certain divisibility properties of p(n,m,N) is proved using
some polyhedral geometry and integer lattices.
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