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How to use deep learning to connect continuous graph
invariants and Stanley’s e-positivity of graphs

Farid Aliniacifard [ K2

We first show the capabilities of Al in mathematics by considering different philosophies
of mathematics and their relationship with Al.

Then we use attribution techniques and exploratory data analysis to give sufficient
conditions for a given statement and make conjectures. As a demonstration, we apply
this process to Stanley’ s problem of e-positivity of graphs. Guided by Al, we rediscover
that one sufficient condition for a graph to be e-positive is that it is co-triangle-free, and
that the number of claws is the most important factor for e-positivity. Based on the
most important factors identified in the saliency map analysis of neural networks, we
suggest that the classification of e-positive graphs is more likely related to continuous
graph invariants rather than discrete ones, and we make three conjectures connecting

continuous graph invariants with e-positivity.

On factorization of matrix of Kazhdan-Lusztig polynomials
Aritra Bhattacharya  JbEIK

The famous Kazhdan-Lusztig positivity states that the transition matrix between the
canonical basis and the standard basis of the Hecke algebra (of a Weyl group) is a matrix
with polynomial entries with non-negative integer coefficients. In this talk we will describe
a factorization of this positivity via certain intermediate bases called the hybrid bases. We
will also present a reformulation of the statements in terms of a natural restriction map
on Hecke algebras. This framework also subsumes the positivity of parabolic Kazhdan-
Lusztig polynomials corresponding to the sign representations. This is joint work with
Ashish Mishra and Shraddha Srivastava.

Ehrhart quasi-polynomials of rational polytopes by real
dilations

WA FBREOE



This talk is to study the Ehrhart function L(P,t) of a rational n-polytope P, defined as
the number of lattice points of dilated polytopes tP with real numbers t > 0. It turns

out that L(P,t) is a quasi-polynomial of real variable ¢ in the sense that

n
L(Pt) =) (P ), t>0,
k=0
where ¢ (P, t) are periodic piecewise polynomials of degree n — k if P contains the ori-
gin, and are periodic functions vanishing almost everywhere otherwise. When P is a
rational simplex o, the coefficient functions ¢, (o, t) are given explicitly in terms of vertex

information of the simplex . Moreover, the reciprocity law still holds.

Hyperplane arrangements induced from polytopes

T T T R U

Equivariant geometry of clans

WA PU)IRA

We relate bumpless pipe dreams on partitions to the equivariant geometry of (GL, x
GL,)-orbits over the flag variety Fl,., parametrized by (p,q)-clans. In particular, this
gives a combinatorial formula for the equivariant Schubert expansion of the (GL, x GL,)-

orbit closure, which resolves an open problem of Wyser and Yong.

Characteristic Quasi-polynomials of Integral Arrangements
PRI IR

In 2008, Kamiya, Takemura, and Terao studied the characteristic quasi-polynomials
of integral arrangements. Subsequently, Chen and Wang investigated the arithmetic prop-
erties of the characteristic quasi-polynomial of a truncated arrangement, which is defined
as a central integral arrangement restricted to a rational subspace. In this talk, we ex-
tend Chen and Wang’ s results to the affine case. Specifically, we study the arithmetic
properties of the characteristic quasi-polynomial of a truncated arrangement, which is an
affine integral arrangement restricted to a rational affine space. This work is a joint work
with Ying Cao.



Bivariate Chow polynomials for ordered matroids

HEREE PEIE Al R

The real-rootedness of Hilbert—Poincaré series for Chow rings of geometric lattices
was independently conjectured by Huh—Stevens and Ferroni—Schroter. Ferroni, Matherne,
and Vecchi further generalized this conjecture to Chow polynomials over Cohen—Macaulay
posets. In this talk, we introduce a bivariate Chow polynomial for ordered matroids and
prove that such polynomials possess coefficient nonnegativity, symmetry, and unimodality.
We also show that the explicit formula for uniform matroids coincides with the original
Chow polynomial for g-uniform matroids. Furthermore, we establish the real-rootedness

of these bivariate Chow polynomials for uniform matroids.

Bivariate Chow polynomials for ordered matroids

Recursive formulas for the polymatroid Tutte polynomial

KEHE  KRIFEBITR

The Tutte polynomial is a significant invariant of graphs and matroids. In 2022,
Bernardi, Kalman and Postnikov [Adv. Math. 402 (2022) 108355.] introduced the
polymatroid Tutte polynomial by generalizing the Tutte polynomial from matroids to
polymatroids. In this talk, we shall present two recursive formulas for the polymatroid
Tutte polynomial, based on the observation that certain natural “slices” of polymatroids

are again polymatroids. This is a joint work with Xian’ an Jin and Tamas Kalman.

Combinatorial Algebraic Geometry: Polytopes, Fans, and Toric
Varieties

R LR

Combinatorial algebraic geometry (and combinatorial Hodge theory) has emerged as
a highly active field of research in recent years. The area draws from three seemingly
distinct origins: polytopes, Coxeter groups, and matroids. The central philosophy is
that even when the actual geometric varieties do not exist, one can still develop a good
cohomology theory by imagining their existence and recovering the beautiful properties
of classical Hodge theory. In this talk, I will provide a motivated introduction to this

field, focusing on the classical interplay between polytopes, fans, and toric varieties. After



reviewing McMullen’s celebrated g-conjecture (1971) and Stanley’ s proof of the necessity,
I will present our recent results on a graded character formula for actions of any finite
group on the Artinian reduction of the Stanley—Reisner ring of any complete simplicial fan,
which is given by an equivariant version of the classical h-polynomial. As an application,
we prove that the Poincaré polynomial of the quotient of a compact toric orbifold by
any finite reflection group is equal to the Poincaré polynomial of another compact toric
orbifold. T will end with an open question of Stanley on whether the total (ungraded)
representation carried by the cohomology of a compact toric orbifold under a proper action

of a finite group is a permutation representation.

Monomial expansion of modified Macdonald polynomials

ey JITR#

We discover a family of sixteen statistics on fillings of an arbitrary Young diagram
and prove new combinatorial formulas for modified Macdonald polynomials. Building on
these new formulas, we establish four compact expressions for the modified Macdonald
polynomials, which enable us to derive four explicit formulas for the monomial expansion
of the modified Macdonald polynomials. One of them coincides with the formula given
by Garbali and Wheeler (2020). This talk is based on joint work with Xiaowei Lin.

The peak algebra in noncommuting variables

ZERFOR AR

We will give an overview on the theory of the peak algebra, and introduce an analogue
in noncommuting variables. We showed that our generalizations possess many properties
analogous to their classical counterparts. We will discuss some recent progress on its al-

gebraic and combinatorial properties. This is based on joint work with Farid Aliniaeifard.

The intersection of enumerative combinatorics with coding
theory, mathematical biology, and number theory

MG IR

I will present three instances of the intersection of Enumerative Combinatorics with

Coding Theory, Mathematical Biology, and Number Theory:



o Constrained Coding Bounds via Goulden—Jackson Cluster Theorem.

o Proof of a conjecture on tree-child networks proposed by Pons and Batle via Young

tableaux with walls.

o Arithmetic of tangent numbers and binomial-secant numbers via combinatorial

identities and the Kummer p-adic Theorem.

Hyperplane arrangement, tope graph and magnitude
XIHE VAR R

Magnitude is a cardinality-like invariant of metric spaces or enriched categories mea-
suring the effective size. Its categorification, the magnitude homology, is a more powerful
invariant. For a real hyperplane arrangement, or more generally, an oriented matroid,
the tope graph encapsulates considerable amount of information. Since tope graphs are
equipped with the shortest path metric, we feed them to the magnitude and magnitude
homology machinery to derive new invariants of real hyperplane arrangements. We prove
some structural results of the magnitude of arrangements, including reciprocity, palin-
dromic numerator and denominator, also a face decomposition formula. For magnitude
homology of arrangements, we give combinatorial descriptions in small length and prove
that tope graphs are diagonal if and only if the arrangement is Boolean. We present a face
decomposition of magnitude homology, using which we obtain a combinatorial formula of
diagonal magnitude Betti numbers. Some results are based on joint work with Junnosuke

Koizumi.

Maximal bumpless pipedreams of double Grothendieck
polynomials

P RHEM LR

Pipedreams and bumpless pipedreams are two combinatorial models that compute
double Grothendieck polynomials. While studying matrix Schubert varieties, Pechenik,
Speyer, and Weigandt defined a permutation statistic rajcode( ) that captures the leading
monomial of the top-degree components of a Grothendieck polynomial. Combinatorially,
their result implies that there exists a unique pipedream (or bumpless pipedream) with

row weight rajcode(w) and column weight rajcode(w™!). An explicit construction of such



a pipedream was subsequently given by Chou and Yu. In this paper, we resolve the

bumpless pipedream version of this problem by providing a recursive algorithm.

Graph Positivities
FHEz JEEH TR

This talk provides a brief introduction to the study of e-positivity and Schur positivity
of chromatic symmetric functions of graphs. Two major conjectures in this area are
the Stanley—Stembridge conjecture (1993) and the Stanley—Gasharov conjecture (1998),
both of which concern the positivity of chromatic symmetric functions for certain graph
classes. Although the former was proved by Hikita in 2024, the latter remains largely
open, with only partial progress to date. I will review the motivation, recent progress,

related conjectures, and some of our own work on these problems.

Convolution-type Identity of Geometric Semilattice
LR WERY

Research on convolution-type identities can be traced back to Tutte-theoretic decom-
positions in the work of Kook, Reiner, and Stanton on matroid Tutte polynomials. Sub-
sequently, Kung established a matroid-based multiplication formula for central arrange-
ments, while Wang extended convolution formulas to locally finite posets. In a different
direction, Zaslavsky introduced a 1-specialized decomposition for real affine arrangements,
which was later generalized to geometric semilattices by Southerland, Southern, and Zhou
through the centralization construction. Building on Southerland-Southern-Zhou’ s semi-
matroid convolution formula, this paper further generalizes it to a bivariate convolution
formula of the characteristic polynomial for geometric semilattices. When specialized to
hyperplane arrangements, the formula admits valuation-theoretic explanations for special

cases
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Positivity of Double Schubert Polynomials
1A N DN

In this talk, I will discuss several positivity phenomena for double Schubert polyno-
mials and explain how they follow from a refined version of Graham’ s positivity theorem.
These include the monomial positivity of Schubert polynomials, the positivity of the lo-
calization formula, the positivity of equivariant Schubert constants, and the positivity
of triple Schubert constants. The last result, known as Samuel’ s conjecture, implies
Kirillov’ s conjecture on the positivity of skew divided difference operators applied to
Schubert polynomials. I will also present some combinatorial motivations that were not

included in our paper. This is joint work with Yibo Gao.

Renormalization of quasisymmetric functions and its
applications to multiple zeta values

WSS PR KA

In this talk, we report our recent progress on applying the method of renormalization
to realize weak quasisymmetric functions as power series. The specialization of the power
series not only recovers the MZVs with nonnegative arguments, but also extends the stuffle
relation of convergent MZVs to analytically continued MZVs. This is a joint work with
Li Guo and Bin Zhang.



Motivic Chern classes of open projected Richardson varieties
and of affine Schubert cells

MER  ALYNLRFBIRE R AL

Open projected Richardson varieties are indexed by pairs of Weyl group elements
(u,w) with u <= w and w a minimal length representative. It is known that there is
an embedding of these elements into the extended affine Weyl group, and there is also
a geometric isomorphism behind this combinatorial construction. One can then consider
the cohomology/K-theory classes. For example, He-Lam proved that the cohomology /K-
theory classes of closed projected Richardson varieties coincide with opposite Schubert
class in the affine Grassmannian, and Fan-Guo-Su-Xiong proved that the Segre-MacPherson
classes of open projected Richardson varieties coincide with Segre-MacPherson classes of
opposite Schubert cells. In this talk, I will talk about the generalization of these results

into motivic Chern classes.

A proof of the multi-component g-Baker—Forrester conjecture

JitE PR

The Selberg integral, an n-dimensional generalization of the Euler beta integral,
plays a central role in random matrix theory, Calogero—Sutherland quantum many body
systems, Knizhnik—Zamolodchikov equations, and multivariable orthogonal polynomial
theory. The Selberg integral is known to be equivalent to the Morris constant term
identity. In 1998, Baker and Forrester conjectured a (p + 1)-component generalization of
the g-Morris identity. It in turn yields a generalization of the Selberg integral. The p =1
case of Baker and Forrester’s conjecture was proved by Kérolyi, Nagy, Petrov and Volkov
in 2015.

In this talk, we present our proof of the (p + 1)-component ¢-Baker—Forrester con-

jecture, thereby settling this 27-year-old conjecture.



