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This brochure summarizes almost all courses and lectures of the Master’s
programs Industrial Mathematics & Data Analysis, Mathematics, Mathe-
matik (German-language), and Technomathematik (German-language) for
the summer semester 2026. Further information can be found in the |Course
Catalog of the University of Bremen. There you will find, among other things,
the language, the assignments to the individual modules, and the course codes.
These information and all details can also be found in [Stud.IP.

As you can see in the Course Catalog or in Stud.IP, all courses are usually
assigned with an area of focus or specialization. This can also be found for all
courses via Fields of study in Stud.IP. For the M.Sc. Industrial Mathematics
& Data Analysis, these are Data Analysis as well as Industrial Mathe-
matics. For the M.Sc. Mathematics and the M.Sc. Mathematik, these are
Algebra, Analysis, Numerical Analysis, and Statistics/Stochastics.

At this point we would like to refer to the Arrival Guide for general questions
as well as to Offers for International Students and Living on Campus for
answers regarding living, housing, financial help, and scholarships.

Contact

Academic Advisory Office - Mathematics

Place to go for questions on study programs, planning, recognition of credits
and exam results, study abroad, and examination regulations. Also responsible
for the design of this brochure.

Lars Siemer

Room / Number: MZH Building / 1302
+49 (0) 421 218 63533
szmathe@Quni-bremen.de

www.szmathe.uni-bremen.de
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Approximation Algorithms
VAK: 03-IMAT-APX
Prof. Dr. Nicole Megow & Dr. Moritz Buchem

Contact: megow@uni-bremen.de, mbuchem@uni-bremen.de

Description

This course deals with the design and analysis of algorithms for combinatorial
optimization problems such as graph problems (matchings, network design,
covering problems), scheduling and packing problems. These problems are
typically computationally intractable or, in other words, N P-hard. In this
course, we design and analyze polynomial-time algorithms for N P-hard
combinatorial optimization problems which can provide strong mathematical
guarantees on the worst-case performance.

An approximation algorithm is a polynomial-time algorithm that always finds
a feasible solution whose value is provably close to the optimum solution value.
More precisely, the value of the computed solution must be within a factor a of
the optimum. Under the common assumption that P # N P, approximation
algorithms are, in some sense, the best algorithms with polynomial running
time one can hope to design. Moreover, the performance guarantee o of an
algorithm serves as a natural metric to compare the hardness of different
problems.

In this course, we will review many classical results in the field of approxi-
mation algorithms, highlighting different techniques commonly used for the
design of such algorithms. Among others, we will treat the following methods:

Greedy Algorithms and Local Search

Rounding and Dynamic Programming

Deterministic Rounding of Linear Programs (LPs)

Random Sampling and Randomized Rounding of LPs

Primal-Dual Methods

Proving Hardness of Approximation



Prerequisites

Having heard an introductory course to (discrete) algorithms and their math-
ematical analysis (e.g. “Algorithmische Diskrete Mathematik™”) is beneficial
but it is not a requirement.

Structure

The course aims at Master’s students, although Bachelor’s students in higher
semesters are also very welcome. We will teach the course with 4 hours per
week (4 SWS for 6 CP), where roughly every other week one class will be
an interactive exercise session.

There is the possibility to further extend the content of the course for extra
credits (+2 SWS for +3 CP) by an additional seminar part. This consists
of individually studying a recent research article and presenting the main
results to the rest of the class.

Examination and Formalities

The examination will be by individual oral exam. As admission to the oral
exam it is mandatory to present solutions in the exercise session at least twice
during the term.

Literature

e Williamson and Shmoys: The Design of Approximation Algorithms,
Cambridge, 2011.

e Vazirani: Approximation Algorithms, Springer, 2003.



Commutative Algebra
VAK: 03-M-SP-7

Prof. Dr. Anastasios Stefanou

Contact: stefanou@uni-bremen.de

Description

Commutative algebra is a branch of algebra which studies commutative rings,
ideals and modules over commutative rings. Commutative Algebra has many
applications within mathematics, for instance, in algebraic number theory and
in algebraic geometry where commutative algebra is the main technical tool
for the study of varieties and, more generally, for the study of schemes.

Combinatorial commutative algebra is utilized for the study of finitely gener-
ated modules and their combinatorial representations, known as presentations
and free resolutions of modules. These algebraic constructions have been
quite fundamental for the theory of multiparameter persistent homology in
topological data analysis (TDA).

This course in commutative algebra covers the theory of ideals in polynomial
rings, affine algebraic varieties, Grobner bases, and the Buchberger algorithm,
providing a basic introduction to algebraic geometry. It also develops con-
cepts from homological algebra, including the theory of modules, injective
and projective modules, chain complexes, homology, presentations and free
resolutions, multigraded modules, and the decomposition theorem of modules.

Topics include:

Grobner bases and Buchberger’s algorithm

Integral extensions and Hilbert’s Nullstellensatz

Modules over a ring

Presentations of modules and Schreyer’s theorem

Free resolutions of modules and Hilbert’s syzygy theorem

Exact sequences, projective and injective modules, homology modules

Abelian categories and Krull-Schmidt-Remak-Azumaya theorem



Prerequisites

The pre-requisite is Algebra. The course is also open to interested bachelor
students.

Structure

This Master course is a 442 lecture, i.e. there are weekly two 2-hour lectures
and a 2-hour exercise session.

Examination and Formalities

The academic performance consists of both (i) the weekly handing of exercises
(with 50% right) and (ii) a successful oral examination (30-minute) in the
end.

Literature

[1] Abstract algebra, D. S. Dummit, R. M. Foote [2] Using algebraic geometry,
D. A. Cox, J. Little, D. O’Shea [3] Commutative algebra: with a view towards
algebraic geometry, Eisenbud [4] An introduction to homological algebra, J.J.
Rotmann



High-Performance Visualization

From Large-Data to Insight
VAK: 03-M-SP-12
Prof. Dr. Andreas Gerndt

Contact: gerndt@uni-bremen.de

Description

In this lecture, the mathematical basics of scientific visualization are taught.
It aims at methods for parallel post-processing of very large-scale scientific
datasets. Such data occurs in plenty of scientific applications. It is created
by simulations on high-performance supercomputers (e.g. to support climate
research or analysis of flow fields at airfoils). It can also be the outcome of
measurements as it occurs in Earth observation missions. To get any insight
into the scientific results, first of all, a huge amount of raw data has to be
processed to extract meaningful features. Those features can eventually be
explored in interactive working environments. To enable real-time exploration
at the end of the processing pipeline, again highly parallel and efficient
methods are required. They have to be optimized for the execution on
distributed computing clusters and high-end graphics cards. This lecture
addresses foundational approaches of feature extraction, data processing, and
efficient 3D visualization. Application examples are demonstrated with the
Open Source software ParaView.

Prerequisites

Students from Mathematics, Computer Science, and other relevant appli-
cation domains (like Geoscience or Aerodynamics) can participate at the
lecture. Background knowledge in Computer Graphics or High-Performance
Computing is useful but not required. Programming skills e.g. in Python are
also useful.

Structure

The weekly lecture is given in English. The slides are in English as well
and can be used as references. In the lectures, several topics are presented:
Computer Graphics Primer, High-Performance Computing Primer, Visualiza-
tion Pipeline, Data Representation and Reconstruction, Scalar Visualization,



Color Mapping, Scalar Topology Extraction, Vector Field Processing, Particle
Integration, Vector Field Topology, Tensor Field Visualization, Direct Volume
Rendering, Parallel and Distributed Post-processing, Multi-Resolution and
Data Streaming, In-situ Co-processing, Terrain Rendering, Atmosphere Visu-
alization, Flow Visualization, Vortex Extraction, Multivariate Data Queries.

Examination and Formalities

Application exercises and example datasets are provided to repeat the pre-
sented topics. Programming exercises can also be carried out as homework.
The programming results should be submitted within two weeks after an
exercise has been dispatched. They would then become part of the evaluation.
The lecture eventually ends with an individual oral exam. An oral exam is
also possible without programming exercises. The achievable amount of credit
points would then be reduced. Consultation hours can be agreed on personal
need.

Literature

- A. C. Telea, ”"Data Visualization — Principles and Practice”, 2. Edition,
CRC Press, 2015 - E. W. Bethel, H. Childs, C. Hansen, "High Performance
Visualization”, CRC Press, 2013 - W. Schroeder, K. Martin, B. Lorensen,
"The Visualization Toolkit”, 4. Edition, Kitware, 2006 - C. Hansen, C.
Johnson, ”"The Visualization Handbook”, Elsevier Academic Press, 2005



Linear Models
Statistics 11
VAK: 03-M-SP-22
Prof. Dr. Thorsten Dickhaus

Contact: dickhaus@uni-bremen.de

Description

The specific topics of the course are:

e Statistical modelling (main effects, interaction effects, ...)

Estimation theory for vectors of regression coefficients

Test theory for vectors of regression coefficients

e Bayesian inference for vectors of regression coefficients

Generalized linear models (GLMs)

Survival analysis, Cox regression

Applications to real-life data (using the statistics software R)

Prerequisites

No formal prerequisites, but solid knowledge in measure-theoretic probability
theory and in basic concepts of mathematical statistics (estimation, testing,
confidence regions, etc.) is required to understand the material. Furthermore,
matrix-vector calculus is essential, and students should be familiar with the
basic concepts as explained, e. g., in the Matrix Cookbook.

Structure

The course consists of four hours of lecture plus two hours exercise class per
week. Upon successful completion, 9 ECTS credit points will be awarded for
this course.



Examination and Formalities

For achieving study credits (Studienleistungen), solutions to exercise sheets
have to be handed in on a weekly basis. For achieving examination credits
(Pruefungsleistungen), the final examination will be in oral form. More details
will be provided in the first lecture week.

Literature

A complete manuscript for this course will be provided via Stud.IP. Moreover,
a list with additional literature will be provided via Stud.IP, too.



Machine Learning for Solving PDEs
VAK: 03-M-SP-47
Prof. Dr. Andreas Rademacher

Contact: arademac@Quni-bremen.de

Description

At the beginning of the lecture, we will briefly review various fundamentals
of PDEs and machine learning. We will then look at different approaches
to solving PDEs with machine learning, such as the Deep Ritz method or
physic-informed neural networks (PINNs). In particular, we will discuss the
respective areas of application for the various approaches. At the same time,
we will put different approaches into practice in the exercises. Finally, we
will consider methods that combine classical approaches such as FEM with
data-driven methods.

Prerequisites

Basic knowledge of PDEs, machine learning, and numerical methods for PDEs
is helpful

Structure

The lecture starts in the week beginning April 20, 2026. The missed sessions
will be made up by arrangement. In addition to four hours of lectures, there
will be two hours of (practical) exercises.

Examination and Formalities

Active participation in the exercises is expected. In the end there will be an
oral exam.

Literature

Literature will be annouced in the lectures.



Partial Differential Equations
VAK: 03-M-SP-50
Dr. Hendrik Vogt

Contact: hendrik.vogt@uni-bremen.de

Description

In this lecture we will concentrate on 3 basic types of partial differential
equations: the Poisson equation, the wave equation and the heat equation —
which are prototypes of elliptic, hyperbolic and parabolic differential equations.
They are linear equations, and for the solution theory we will make some use
of linear functional analysis.

A particularly interesting phenomenon occurs for the wave equation which
describes, e.g., sound propagation in 3-dimensional space, but also the propa-
gation of waves on a two-dimensional water surface. It turns out that one
obtains different behaviours of the solutions depending on whether the the
space dimension is even or odd. In odd-dimensional space, waves propa-
gate at a fixed speed, which is both the maximum and minimum speed. In
even-dimensional space, on the other hand, there is only a maximum speed;
parts of the wave propagate at arbitrary lower speeds, so that a signal never
completely fades away and communication in even-dimensional space would
be very difficult.

Prerequisites

Solid knowledge of Analysis and Linear Algebra on the level of a bachelor’s
degree in mathematics is strongly recommended, in particular of the con-
vergence theorems from Lebesgue integration and Gauss’ integral theorem.
Moreover, basic knowledge of Functional Analysis is recommended (Banach
spaces, dual spaces, bounded linear operators, Hilbert spaces, orthonormal
bases, Fréchet-Riesz representation theorem). More detailed information will
be provided on Stud.IP.

Structure

This is a classical 442 course with two 2-hours lectures and one 2-hour exercise
session per week. There will be a homework sheet each week; students are
supposed to present their solutions during the exercise sessions.

10



Examination and Formalities

For the course achievements (”Studienleistungen” ), solutions to exercise sheets
have to be presented in the exercise sessions. The examination will be an oral
exam in the semester break.

Literature

Evans: Partial Differential Equations. Folland: Introduction to Partial
Differential Equations. John: Partial Differential Equations. Renardy, Rogers:
An Introduction to Partial Differential Equations. Arendt, Urban: Partielle
Differenzialgleichungen. Hellwig: Partielle Differentialgleichungen. Wloka:
Partielle Differentialgleichungen.

11



Scientific Computing and

Numerical Modeling
VAK: 03-M-SP-49
Prof. Dr. Stephan Frickenhaus, Prof. Dr. Andreas Rademacher

Contact: sfricken@uni-bremen.de, arademac@Quni-bremen.de

Description

In scientific computing, research software development deserves a systematic
approach to keep up with the demand for reproducible science and reuse of
codes as a citeable scientific output. This course provides an introduction
to the practice of scientific computing to a broader audience with interest
and basic knowledge in computational modeling. The basis are advanced
numerical methods like FETI methods, which will be explained in the lecture,
and real world research codes and numerical libraries that will be explored
and executed on local programming environments - either on students laptops
or on central compute servers at ZeTeM. The exercises are open for students
interests in bringing their own software projects. Some main ”code use cases’
are provided, based on Fortran and C programming language, and further
modeling numerical software environments in R and C++ as well. Special
emphasis is laid on performance optimization and two standard approaches of
parallelization, i.e. loop parallelization and domain decomposition. Advanced
numerical methods like domain decomposition, efficient solvers for large
systems of equations, preconditioning, etc. will be presented and explored in
practice.

il

Prerequisites

Your own laptop computer is needed and it will make your project work at
home easier. We’d install a working programming environment on the basis of
WindowsSubsystemLinux (WSL), VirtualBox, or enable access to the ZeTeM
cluster via secure shell (ssh). We use open Gnu-Software of programming
language compilers.

Structure

During the lecture period, there are 4 SWS in two weekly sessions: 2 for
numerical background lecture and 2 for computational solutions seminar. The

12



latter enables practical work. Another 2 SWS are blocked in form of a project
week for working in smaller teams. Therefore, you will work with your laptops
and may use access to the compute-cluster at ZeTeM in the project week.

Examination and Formalities

For successful participation we expect a project report or a ”code talk”
with demonstration how code was adopted, tested and extended, including
documentation, possibly towards publication. An oral examination of the
teams will follow, which certifies knowledge gain from the numerical lectures.

13



Advanced Non-Parametric Statistics
VAK: 03-M-AC-41
Dr. Nabaneet Das

Contact: nabaneet@uni-bremen.de

Description

Introductory statistics courses typically focus on parametric statistical models
and inference methods. While these approaches are powerful, their underlying
model assumptions are often difficult to verify or justify in practical appli-
cations. This seminar therefore concentrates on non-parametric statistical
models, which allow for greater flexibility by avoiding restrictive distributional
assumptions. A central theme of the course is the development of statistical
inference without relying on parametric likelihoods. Instead, we study meth-
ods based on the substitution principle (also known as the plug-in principle),
where the unknown probability distribution of the data is replaced by the
empirical distribution. Building on this idea, we investigate the estimation of
distribution functions and statistical functionals, as well as the construction
of hypothesis tests in non-parametric settings.

The seminar covers a selection of advanced topics in nonparametric statistics,
which may include:

Estimation of cumulative distribution functions and statistical functionals
Resampling methods such as the bootstrap and jackknife

Smoothing techniques

Non-parametric regression

Density estimation

Further advanced topics depending on participants’ interests

As this course is organized as a seminar, students are expected to actively
participate by preparing and presenting selected topics. Participants will be
provided with a list of relevant literature, though students are also encouraged
to identify and propose additional topics and references of their own.

Prerequisites

No formal prerequisites, but a solid understanding of statistics and probability
theory is required to understand the material.

14



Structure

The seminar is held once per week, with each session lasting 90 minutes.

Examination and Formalities

Participants are expected to independently study an assigned or chosen topic,
present their findings in an oral presentation, and submit a written term
paper. Active participation in the discussions of other students’ presentations
is also an integral part of the seminar.

Literature

A list of relevant literature will be provided electronically via Stud.IP.

15



Advanced Topics in Data Analysis
VAK: 03-M-AC-46
Prof. Dr. Dirk Lorenz

Contact: d.lorenz@uni-bremen.de

Description

Each student will pick a topic with the goal to prepare a talk and a written
report. Each topic comes with some initial references, but the students are
encouraged to shape the topic in their own way. Own implementation of the
methods is also encouraged.

Prerequisites

Basics in data analysis from the lecture "Mathematical Methods of Data
Analysis and Image Processing”, programming in Python.

Structure

Seminar

Examination and Formalities

Presentation and written report

Literature

Will be announced in the seminar.
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Optimization with Quantum Computing
VAK: 03-M-AC-45
Dr. Matthias Knauer

Contact: knauerQuni-bremen.de

Description

This seminar focuses on quantum algorithms in the context of optimization.
Building on the lecture Mathematics of Quantum Computing, participants
work with selected sections of the manuscript Quantum algorithms for opti-
mizers (e.g. Sections 4.4, 5.1, 5.3, 6.1, 6.2, 7.1, 7.2, 8.1).

The seminar addresses a fundamental question in current research on quan-
tum optimization: For which types of tasks can quantum algorithms offer
advantages in solving optimization problems?

Each student is responsible for one topic and develops it into these components:

¢ A mathematical write-up using the established notation of the lec-
ture and incorporating relevant results where appropriate. The content
should be structured so that all derivations and reasoning steps are
transparent. Parts may be omitted if necessary, as long as the core
ideas remain clear. A brief reflective section on challenges and learning
outcomes is also required.

e A code component, for example implementing a quantum algorithm
in Qiskit or performing supporting classical simulations or analyses,
accompanied by a short README and structured such that results can
be reproduced by others.

A self-designed exercise including a complete solution.

A short, ungraded mid-semester mini-talk (approximately 10 min-
utes) will be used to discuss progress and receive feedback.

e A presentation (40-45 minutes) delivered to the seminar group.

The seminar begins with a short introduction to (classical) optimization
concepts. Throughout the semester, interim results are discussed, code
implementations are reviewed, and participants provide structured feedback
to each other in a peer-review process.

17



Prerequisites

Successful completion of the course Mathematics of Quantum Comput-
ing

Structure

A two-hour weekly seminar taught in English.

- Introductory session on optimization concepts - Independent work on assigned
topics - Regular progress meetings for discussion and feedback (including
mini-talk) - Discussion of code implementations - Peer review of written
reports - Final presentations (40-45 minutes per student)

Examination and Formalities

The final grade is based on: - The oral presentation - The written seminar
paper (including mathematical exposition, code documentation, and exercise
with solution)

Literature

Giacomo Nannicini: Quantum algorithms for optimizers. 2025. https://arxiv,
org/abs/2408.07086 Wolfgang Scherer: Mathematics of Quantum Computing.
Springer, 2019.

18
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Modeling Project (Part 1)
VAK: 03-M-MP-1
Prof. Dr. Dirk Lorenz

Contact: d.lorenz@uni-bremen.de

Description

The Modeling Project is a two-semester course designed to bridge the gap
between academic mathematics and its practical applications in industry
and research. Participants work in teams of two students to solve real-world
problems, gaining experience in mathematical modeling, programming, and
project management. In addition to technical skills, the course emphasizes
professional communication, cultural awareness, and practical tools for collab-
orative work. The course begins with a skills update phase during the first
month, where participants refine and expand their expertise in areas such as:

e Advanced data analysis techniques.

Working with legacy codebases.

Identifying and resolving algorithmic bottlenecks.

Organizing project workflows and managing detailed coding tasks.

Visualizing results.

This phase ensures all participants are prepared for the challenges ahead.
Following this, projects will be assigned to individual teams, tailored to
their interests and strengths. Each team will collaborate with a project
partner, addressing tasks in industrial mathematics or applied research. We
are currently contacting possible project partners, covering diverse industrial
and research applications.

Learning Objectives Throughout the course, students will:

Enhance Technical and Mathematical Skills.

e Apply advanced mathematical concepts to solve practical problems.
e Improve programming and data analysis capabilities in realistic settings.

e Gain experience optimizing code performance and integrating existing
systems.

Develop Professional and Social Competencies

19



e Understand the expectations of industrial and research partners.

e Prepare for and lead productive meetings, including structured note-
taking for later use.

e Tailor presentations for diverse audiences, from technical experts to
non-specialists.

e Cultivate cultural sensitivity, especially for working in a German pro-
fessional context.

Master Practical Tools and Strategies
e Use professional communication tools and avoid common pitfalls.
e Collaborate effectively with lecturers, peers, and external partners.

e Organize and present project deliverables using industry-standard meth-
ods.

Prerequisites

This course is open to students enrolled in the Master’s programme in Indus-
trial Mathematics and Data Analysis.

e Basic understanding of programming (e.g. in MATLAB, Python, C++,
or similar)

e Numerical analysis

e Depending on the individually assigned projects, mathematical skills
are needed in e.g. optimization, Al, image processing, PDEs, . . .

Structure

The course includes weekly meetings, consisting of presentations, status
updates, and collaborative work sessions.

Examination and Formalities

Assessment, conducted in spring 2027 after Modeling Project (Part 2), will
be based on:

e Mathematical Presentation (internal) and User-Oriented Presentation
(public).

20



e Comprehensive Written Report (~ 30 pages).

e Individual Project Deliverables such as a poster, video, software demon-
stration, or interactive tool.

21
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