
Course Introduction 

Mathematics Electives 

in fall semester  2024



Overview
 MAT 979 Seminar in Combinatorics and Geometry – Tumarkin
 MAT 817 Seminar Semiclassical Spectral Estimates – Oldenburg
 MAT 602 Functional Analysis – Schlein (Oldenburg)
 MAT 565 Representation Theory – Beliakova (Andreev)
 MAT 633 Field Theory for Mathematicians  – Cattaneo
 MAT 922 Probability II – Rosales Ortiz
 MAT 933 Complex networks: theory and applications – Bovet
 MAT 959 Seminar in Data Science and Mathematical Modeling – 

Bovet
 STA 222 (M3L101) Computers and Computing – Furrer
 STA 121 Statistical modeling 
 STA 472 Good statistical practice
 MAT 820 Numerisches Praktikum – Sauter
 MAT 828 Numerical Methods of ODEs – Sauter 
 MAT 784 Seminar on Knot Theory – Wildi



MAT 979 

Seminar in Combinatorics and Geometry – Tumarkin



Combinatorics and geometry

The seminar will cover a selection of topics in the intersection of
combinatorics and geometry:

I Counting geometric objects

I Geometric problems with a ‘combinatorial feel’

What will you learn?

I Some classical results

I Some combinatorial techniques that are applicable in a
broad range of mathematical settings

Examples of topics:
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Catalan numbers

Question: in how many ways can one triangulate a regular
n-gon by non-intersecting diagonals?
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Wallpaper groups

Theorem: there are exactly 17 types of periodic tylings of the
plane.



Wallpaper groups

Theorem: there are exactly 17 types of periodic tylings of the
plane.



 MAT 817 Seminar 

Semiclassical Spectral Estimates – Oldenburg 



Schrödinger Operator

[��+ V (x)]f (x) = �f (x) on L2(Rd), V 2 Lp(Rd)

Question: How many negative eigenvalues are there?

Motivation: Quantum Mechanics

Answer: At most Cd

R
|V�|d/2dx , d � 3

More general: Lieb-Thirring inequalities
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Laplace Operator on a Bounded Domain
��f = �f on L2(⌦), ⌦ ⇢ Rd

d = 2: eigenvalues are frequencies of a drum

Question: Can one hear the shape of a drum?

Answer: No
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Formalities

Prerequisites: Functional Analysis

Material: Lecture Notes from Prof. Phan Thành Nam
(Chapter 1-6)
math.lmu.de/⇠nam/LectureNotesFA2021.pdf

Additional: ’Schrödinger Operators: Eigenvalues and
Lieb–Thirring Inequalities’ by Rupert L. Frank, Ari Laptev, Timo
Weidl
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https://www.math.lmu.de/~nam/LectureNotesFA2021.pdf


MAT 602 Functional Analysis – Schlein 



MAT602 Functional Analysis

Basic information

Teacher: Benjamin Schlein

Time: Mo 13-15, Th 10-12

Exercises: 2 hours per week, time will be fixed later on

Prerequisites: Analysis 1,2,3, Linear Algebra 1,2.

Language: English

Exam: oral or written, depending on number of students



What is functional analysis?

Functional analysis is linear algebra on infinite dimensional
vector spaces (often spaces of functions).

In contrast to linear algebra, analytic ideas (convergence
of sequences, continuity of functions, ..) play central role.

Why should you follow this class?

Modern analysis focus on partial di↵erential equations posed
on infinite dimensional function spaces. Functional analysis
is absolutely crucial to study these problems.

Functional analysis plays a very important role in modern
probability theory, financial mathematics, ..



Content

Spaces and structures: Banach and Hilbert spaces, with
several examples of function spaces.

Compactness: when are sets in infinite dimensional func-
tion spaces compact? Arzela-Ascoli and Riesz Theorems.

Classical functional analysis: Hahn-Banach Theorem,
Baire Category Theorem and their consequences.

Weak Topologies: weak convergence, weak-* topology
and compactness (Banach-Alaoglu Theorem).

Spectral theory: spectral properties of compact opera-
tors, spectral theorem for bounded self-adjoint operators.



Literature

There will be a script.

Other books that may be useful include:

• H.W. Alt. Lineare Funktionalanalysis. Springer. (Ger-
man)

• M. Reed, B. Simon. Funtional analysis. Mathematical
Methods in Physics, Vol. I. Elsevier. (English)

• E. Lieb, M. Loss. Analysis. Graduate Studies in Mathe-
matics (AMS). (English)

• B. Bollobas. Linear Analysis. Cambridge Mathematical
Textbooks. Cambridge University Press. (English)



MAT 565 Representation Theory - Beliakova 



Prof. Dr. A. Beliakova Herbstsemester 2024

Introduction to Representation Theory

In Linear Algebra we study k-vector spaces and linear maps between them. They form

a category Vectk where k is a field. In practice, many models have certain symmetry,

mathematically described by an action of a group or algebra A on vector spaces. Then

we would like to understand maps that preserve this action. Hence, the main object of

study will be the category of representation of an algebra A, usually denoted RepA.

In details, a vector space V equipped with a map

⇢ : A ! EndV

which is a homomorphism of algebras is called a representation of A or an A-module. A
representation is called irreducible if it has no proper non-trivial submodules.

Like Linear Algebra culminates in Jordan decomposition theorem, the representation

theory of finite-dimensional algebras has two important structural results – the Jordan–

Hölder theorem and the Krull–Schmidt theorem. We will prove both of them. In addition,

we will characterise any finite-dimensional algebra in terms of the endomorphism rings

of its representations:

A \ Rad(A) =
M

i

EndVi

where Vi are irreducible representations and Rad(A) is the largest nilpotent two-sided

ideal of A.

Next we develop the classical representation theory of finite groups. We prove Burn-

side’s theorem and Frobenius’s divisibility and character formulas. Finally, we introduce

a new powerful tool – the Schur–Weyl duality, and use it to identify representation the-

ories of the symmetric group and GL(V ).

The course will follow Etingof’s Lecture Notes (https://math.mit.edu/ etingof/repb.pdf,

Chapters 1-5) and is suitable for bachelor, master and PhD students completed Linear

Algebra I,II and Algebra successfully.
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 MAT 633 

Field Theory for Mathematicians - Cattaneo 



 

Field Theory
for

Mathematicians

Wednesdays 13 00 17 00

Exercises Mondays 15 00 17 00

advanced BSc MSc Phd

Notes will be provided
during the course



What is it about

Physics is mathematically modeled by fields

and their evolution

Example The electromagnetic field a pairof vector fields

É B
Maxwell's equations



I will focus on the action functional approach

S is a function on the spaceof fields

classical FT IS 0 critical points

PDEs governing the evolution

quantumFT et dm as a

probability amplitude measure on the spaceoffields



I will introduce you
to classical and quantumfield theory

with a short overview of classical and quantum mechanics

focusing on the topological geometrical andalgebraic aspects

less on the analytical aspects

No prerequisites in physics

Motivation for differentialgeometry

supergeometry
homotopy theory



 MAT 922 Probability II – Rosales Ortiz































 MAT 933 Complex networks: theory and 

applications – Bovet
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    Statistik Module



  

STA222 Computers and Computing
“Dry run” von M3L101 Computers and Computing

 

Vorkenntnisse: Python von Vorteil.

Prof. Dr. Reinhard Furrer

Englisch, V: Montag 13-15, U: Dienstag 8-10, 6 ECTS



  

STA222 Computers and Computing

● What are computers?
● Digital Logic and Binary Representation
● Turing machine, computer program
● Operating systems, Unix/Linux, terminal, file systems
● Scripting and command line programs
● Floating point operations and representations
● Random numbers, random number generators, 
● Compilers and programs, debugging and profiling
● Basic algorithms, algorithmic complexity
● Software and software IDE, repositories, software development
● Security, networks and protocols, ssh, authentification, 
● Configuring and installing a server



  

STA121 Statistical Modeling
- Auswahl von modernen statistischen Methoden

- Focus auf Implementation und Interpretation 

Vorkenntnisse: MAT901/MAT903 oder STA402, R

Dr. Zofia Baranczuk

Englisch, Montag 10-13 (2+1), 5 ECTS



  

STA472 Good Statistical Practice

- ethical principles of statistical practice

- good written, visual & oral communication

- computational practice & computational efficiency

- workflow, git, LaTeX, simulation setup, ...

    Limited spaces! 

Flipped Classroom

Drs. E. Furrer, R. Furrer    4 ECTS,  Montag 4-6 

  



MAT 820 Numerisches Praktikum     - Sauter 

MAT 828 Numerical methods of ODEs



 MAT784 Seminar on Knot Theory – Wildi 



Online Presentations

- MAT 562 Seminar Frobenius Algebras and 

2-Dimensional TQFT – Bobtcheva

- MAT 782 Lecture Spin Geometry – Jiang 


