S4F5 Graduate Seminar on Interacting Random Systems
Probabilistic Combinatorics
Winter Semester 2025/26

Time and location: Fridays 12-14 in seminar room N0.003
Preliminary meeting: July 21 (2025) at 10:30 in seminar room N0.003

Prerequisites:

basic knowledge of probability theory, on the level of an introductory course
Instructors:

Lisa Sauermann sauermann@iam.uni-bonn.de

Marcus Kihn

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).

In order to participate in this seminar, please come to the preliminary meeting on July 21,
where the talks will be assigned. If you cannot come to the preliminary meeting, but would like
to participate in the seminar, you can send an email to one of the instructors (maybe a solution
can be found).

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

It is very important that the mathematical content of the talks is not only correct, but also
comprehensible for the audience. To this end, it is helpful to give examples for the relevant
definitions and notions, and to explain the overarching proof ideas clearly (to make it easier to
follow the details of the proof). The grading is based on mathematical correctness as well as on
the presentation style. Interactions with the audience (e.g. by asking questions to the audience)
are highly encouraged.

The talk should be planned for around 70 minutes (to allow for time for questions during and
after the talk).

The following is a list of possible talk topics (depending on the number of students, not all topics
will be covered, and the order of of the talks can also be changed to some extent):

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

e Ramsey Numbers: Sketch of inductive proof of simple upper bound, probabilistic proof of
lower bounds for Ramsey numbers for two colors, and for more colors
[T, Section 1.1], [I5], Section 1], [notes from previous course of instructor]

o New upper bounds on (multi-color) Ramsey numbers [3]

o Entropy and applications
[T, Section 15.7], [9, Sections 2.2, 2.3, and 3.1]



Constant lower bound for the Union-Closed Conjecture
[10] or [16]

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

Dependent random choice
[T, Sections 2 and 3]

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

Non-concentration of the chromatic number of a random graph [11]
Erdds Covering Systems [4]

The Rodl nibble
[1, Section 4.7] or [§]

Introduction to the differential equation method
[6, Section 3]

Random greedy hypergraph matching [5]
A general differential equation method theorem [I§]

Proof of the Kahn—Kalai Conjecture (and explanation of statement of the conjecture with
examples) [13]

Bounds for the Erdés—Rado Sunflower Problem
[2, Sections 1 and 2] or [14] or [17]
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