
7th Lake Michigan Workshop on Combinatorics and Graph

Theory

May 14-15, 2022, at the University of Illinois at Chicago

All talks take place in ARC 241 at UIC. The building is located at 940 W Harrison
St and is steps away from the UIC Halsted Blue Line stop.

Saturday May 14

9:00am–10:00am Cynthia Vinzant, Lecture 1

10:00am–10:45am Coffee break and discussion

10:45am–11:45am Cynthia Vinzant, Lecture 2

11:50am–12:25pm Marcus Michelen: Singularity of Random Symmetric Matrices

12:25pm–2:00pm Lunch break

2:00pm–3:00pm Cynthia Vinzant, Lecture 3

3:00pm–3:45pm Coffee break and discussion

3:45pm–4:20pm Shira Zerbib: Line transversals in families of connected sets in the
plane

4:25pm–5:00pm Louis DeBiasio: Infinite graph-Ramsey theory

Sunday May 15

9:00am–10:00am Wojciech Samotij, Lecture 1

10:00am–10:30am Coffee break and discussion

10:30am–11:30am Wojciech Samotij, Lecture 2

11:35am–12:10pm Jinyoung Park: Thresholds

12:10pm–1:30pm Lunch break

1:30pm–2:30pm Wojciech Samotij, Lecture 3

2:35pm–3:10pm Candida Bowtell: The n-queens problem

3:10pm– Discussion, depart
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Abstracts

Wojciech Samotij, Entropy and counting

Entropy is a notion coming from information theory; it was introduced by Claude Shan-
non in the 1940s. Entropy quantifies the expected amount of information contained in
a realisation of a discrete random variable. In particular, if X is a uniformly chosen
random element of a finite set S, then the entropy of X is the logarithm of —S—. This
allows one to rephrase counting problems in the language of entropy. Such rephrasing
opens up the possibility of applying several tools from information theory to studying
counting problems in combinatorics; in the recent years, such approach was applied
very successfully to a range of enumeration problems. In this course, we will introduce
the notion of entropy and derive several useful identities and inequalities relating en-
tropies. We will then demonstrate the power of these inequalities by presenting several
applications of the ‘entropy method’ in combinatorics.

Cynthia Vinzant, Real rootedness, log-concavity, and matroids

Matroids are combinatorial structures that model independence, such as among edges
in a graph and vectors in a linear space. I will introduce the theory of matroids along
with classes of real polynomials capturing many of their important features. Real
rooted univariate polynomials are ubiquitous in combinatorics and there are several
interesting multivariate generalizations. In increasing order of generality, we will dis-
cuss determinantal, stable, and completely log-concave polynomials, their real and
combinatorial properties, and their applications to matroids.

Candida Bowtell, The n-queens problem

The n-queens problem asks how many ways there are to place n queens on an n × n
chessboard so that no two queens can attack one another, and the toroidal n-queens
problem asks the same question where the board is considered on the surface of a torus.
Let Q(n) denote the number of n-queens configurations on the classical board and T (n)
the number of toroidal n-queens configurations. The toroidal problem was first studied
in 1918 by Pólya who showed that T (n) > 0 if and only if n ≡ 1, 5 mod 6. Much
more recently Luria showed that T (n) ≤ ((1 + o(1))ne−3)n and conjectured equality
when n ≡ 1, 5 mod 6. We prove this conjecture, prior to which no non-trivial lower
bounds were known to hold for all (sufficiently large) n ≡ 1, 5 mod 6. We also show
that Q(n) ≥ ((1 + o(1))ne−3)n for all n ∈ N which was independently proved by Luria
and Simkin and, combined with our toroidal result, completely settles a conjecture
of Rivin, Vardi and Zimmerman regarding both Q(n) and T (n). In this talk we’ll
discuss our methods used to prove these results. A crucial element of this is translating
the problem to one of counting matchings in a 4-partite 4-uniform hypergraph. Our
strategy combines a random greedy algorithm to count ‘almost’ configurations with a
complex absorbing strategy that uses ideas from the methods of randomised algebraic
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construction and iterative absorption. This is joint work with Peter Keevash.

Louis DeBiasio, Infinite graph-Ramsey theory

We will discuss infinite analogues of some of the classic results in graph-Ramsey theory
regarding paths, trees, graphs of bounded degree, and graphs of bounded degeneracy.
For example, Burr and Erdos conjectured (and Zhao proved for large n) that if T is a
tree on at most n/2 vertices, then in every 2-coloring of the complete graph on n vertices
there is a monochromatic copy of T. We prove an infinite analogue of this result; that
is, if T is a countably infinite tree, then in every 2-coloring of the countably infinite
complete graph there is a monochromatic copy of T with upper density at least 1/2.
This talk is based on joint works with Jan Corsten, Paul McKenney, Ander Lamaison,
and Richard Lang.

Marcus Michelen, Singularity of Random Symmetric Matrices

Consider the random n×n symmetric matrix whose entries on and above the diagonal
are independent and uniformly chosen from {−1, 1}. How often is this matrix singular?
A moment’s thought reveals that if two rows or columns are equal then the matrix is
singular, so the singularity probability is bounded below by 2−n(1+o(1)). Proving any
sort of upper bound on the singularity probability turns out to be difficult, with results
coming slowly over the past two decades. I’ll discuss a recent work which shows the
first exponential upper bound on this probability. This talk is based on joint work with
Marcelo Campos, Matthew Jenssen, and Julian Sahasrabudhe.

Jinyoung Park, Thresholds

Thresholds for increasing properties of random structures are a central concern in
probabilistic combinatorics and related areas. In 2006, Kahn and Kalai conjectured
that for any nontrivial increasing property on a finite set, its threshold is never far
from its ‘expectation-threshold’, which is a natural (and often easy to calculate) lower
bound on the threshold. In this talk, I will present recent progress on this topic. Based
on joint work with Huy Tuan Pham.

Shira Zirbib, Line transversals in families of connected sets in the plane

We prove that if a family of compact connected sets in the plane has the property
that every three members of it are intersected by a line, then there are three lines
intersecting all the sets in the family. This answers a question of Eckhoff from 1993,
who proved that under the same condition there are four lines intersecting all the sets.
We also prove a colorful version of this result under weakened conditions on the sets,
improving results of Holmsen from 2013. Our proofs use the topological KKM theorem.
Joint with Daniel McGinnis.
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