S4F1 Graduate Seminar on Probability Theory
Probabilistic Combinatorics
Winter Semester 2023/24

Time and location: Fridays 12-14 in seminar room 0.006
Prerequisites: basic knowledge of probability theory, on the level of an introductory course
Lecturer: Lisa Sauermann sauermann@iam.uni-bonn.de

The topic of this graduate seminar is “Probabilistic Combinatorics”, the study of combinatorial
problems using methods from probability theory. The talks in this seminar will cover different
results in this area, and many of the talks are on recent research papers. As a prerequisite,
students should be familiar with basic probability theory, on the level of an introductory course.
Relevant concepts from combinatorics will be introduced during the seminar (prior knowledge
of basic combinatorial concepts such as sets and graphs is helpful, but not required). No pri-
or exposure to probabilistic combinatorics is expected. The seminar may also be suitable for
advanced undergraduate students interested in probability theory or combinatorics (or both).

The following is a list of possible talk topics (depending on the number of students, not all topics
will be covered). Unless a specific date is noted, the dates are somewhat flexible (the order of of
the talks can be changed to some extent):

o October 13. Preliminary meeting (logistical information and sign up for talks)

e October 20. Basic graph theoretic notions, proof of existence of high-girth graphs with
large chromatic number, asymptotic notation, Chernoff bound (with proof)
[T, Section 1.2 until top of page 10], [I, “Probabilistic Lens” after Chapter 3 on p. 43-44],
[T, Section 2.1 until Theorem 2.8]

e October 27. Ramsey Numbers: Sketch of inductive proof of simple upper bound, probabi-
listic proof of lower bounds for Ramsey numbers for two colors, and for more colors
[T, Section 1.1], [11], Section 1], [notes from previous course of lecturer]

o Entropy and applications
[1, Section 15.7], [4, Sections 2.2, 2.3, and 3.1]

o Constant lower bound for the Union-Closed Conjecture [5]

e Random graphs: containment of small subgraphs and clique number
[1, Sections 4.3 to 4.5]

o Proof of the Kahn—Kalai Conjecture (and explanation of statement of the conjecture with
examples) [9)]

¢ Bounds for the Erd6s—Rado Sunflower Problem
[2, Sections 1 and 2] or [10] or [12]

o Martingales and applications, in particular to the chromatic number of a random graph
[1, Setions 7.1 to 7.4]

¢ Anticoncentration, the Erdés—Littlewood—Offord theorem, and applications to random ma-
trix theory
[notes for talk preparation provided by lecturer]

o Non-concentration of the chromatic number of a random graph [6]
o Hyperplane collections slicing all edges of the hypercube [g]

o Erdés Covering Systems [3]



The preliminary meeting for this seminar will be during the first week of classes, on Friday
October 13 (at 12-14). If you are interested in giving one of the first two talks (on October 20
or October 27), feel free to email the instructor before the start of the semester. The remaining
talks will be assigned at the preliminary meeting during the first week of classes.

Every student is required to meet with the instructor at least one week in advance of the talk to
discuss the student’s talk outline (the student is required to bring detailed notes to the meeting).

When giving a talk as a group, every student in the group is still responsible for understanding
the entire topic (i.e. all of the talk content presented by the whole group) and answering questions
about the topic.

The seminar will not meet on November 17 and January 12.
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