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1 Description of the Study Programme

1.1 Programme Concept and Qualification Objectives

The Master of Science Mathematics programme is a research-oriented study programme that prepares
students for a career in research and university teaching as well as for a career in business and
industry. Graduates are highly capable of familiarising themselves with specific fields of work analysing
complex problems and developing solution strategies. They are trained in structured and conceptual
thinking and their ability to abstract is particularly well developed. They also have important general
qualifications such as creativity, communication, teamwork skills and perseverance.

The degree programme is designed for four semesters and is a consecutive study programme
that requires the successful completion of the six-semester Bachelor of Science study programme
in mathematics at the University of TUbingen or an equivalent qualification. A specific feature of
the Master’s degree programme is the combination of mathematical breadth with a simultaneous
specialisation in a selected mathematical field. Graduates acquire sound knowledge in several different
areas of mathematics and mathematical modelling, and they specialise in a selected area to such an
extent that they are able to deal with current research questions. The analytical skills they acquired
in the Bachelor’s study programme are significantly expanded and they are enabled to carry out
scientific work. They learn to critically scrutinise and evaluate theories and to develop their own initial
approaches. The study programme enables them to adapt openly and creatively to new conditions in
their professional life and to critically classify and apply scientific findings in a targeted manner.

When studying maths, students learn to see the world through mathematical glasses. Recognising
mathematical structures in the environment and depicting the environment in simplified mathematical
models is an essential skill that is taught in mathematics studies and makes the graduates attractive
for a variety of professional fields. Typical employers for our graduates are research and development
departments in industry, service companies such as banks or insurance companies, management
consultancies, software development companies and opinion research institutes; less obvious fields of
activity such as science journalism or museum education are also open to our graduates. In addition,
some of them will go into academia at a national or international university or research institution after
completing a doctorate.

1.2 Structure of the Study Programme

The courses offered by the Department of Mathematics in the Master of Science Mathematics
programme are each assigned to one or more of the following five areas of specialisation, which are
naturally derived from the research areas represented in the department:

* Algebra and Geometry,

« Analysis and Differential Geometry,
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* Mathematical Physics,
* Numerical Mathematics and Optimisation
+ Stochastics.

On beginning their Master’'s programme, each student selects a personal field of specialisation, in
which they collect 18 credit points by attending specialised lectures and associated exercise classes.
They attend a seminar and the modules in the Scientific Work section, which all are related to their
chosen field. In this area of mathematics, the student is introduced to questions of current research. ltis
assumed that the student has already acquired basic knowledge in the area of the specialisation during
their Bachelor’'s degree, as provided in the modules of the respective specialisation on Mathematical
General Education (see list of Modules for Mathematical General Education, p. 20). Therefore, in the
Study Focus section, only specialisation modules (see list of specialisation modules, p. 82) and no
modules for Mathematical General Education can be included. If a student does not have the required
prior knowledge in the specialisation, they can still acquire it as part of the Master’s degree programme
and take the corresponding modules in the Elective Specialisation section.
The components of the Master’s programme are divided into four sections:

» Study Focus,

Advanced Knowledge in Mathematics,

Elective Specialisation,

Scientific Work.

As explained, the sections Study Focus and Scientific Work summarise the achievements in the
student’s chosen personal study specialisation. In addition, in the section Advanced Knowledge
in Mathematics 30-33 credit points in at least two other specialisations in the department must
also be achieved, whereby the exact rules for this allow students to enter a new mathematical
field, but also ensure the desired depth (see section 2, p. 14). In the remaining section Elective
Specialisation, students can give their degree programme a very individual profile by incorporating
selected achievements from courses in other subject areas and thus expanding the expertise they
may have acquired in their Bachelor's degree programme in a minor subject or by deepening their
skills in certain areas of mathematics, possibly also in their personal study specialisation, by taking
further modules from the Master’s degree programme (see section 3, p. 14). In order to ensure that
the choice can be made solely from the point of view of defining an individual profile of the degree
programme, the grades of the modules in the Elective Specialisation are not included in the calculation
of the final grade, unlike the grades in the modules of the other three sections.

1.3 Mentoring

The exact rules for the selection of courses in the four sections of the study programme can be found
at the beginning of the respective section in chapter 3 on module descriptions. To ensure that students
take a well-organised approach to their studies right from the outset and adhere to all rules, each
student is assigned a mentor, preferably from their chosen study specialisation, when they start the
degree programme. The student meets with this mentor at the beginning of the degree programme in
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order to draw up a personal study and examination plan that includes all the modules planned for the
degree programme. The study and examination plan must be submitted to the head of the examination
board for approval; in the case of participation in a double-degree programme (see chapter 4), other
persons or committees may be involved in the approval process. In the following semesters, the
student meets with their mentor at least once to adjust the study and examination plan. The adjusted
study and examination plans must be resubmitted for approval. A change to the chosen personal
study specialisation is also possible as part of the change to the study and examination plan upon
application.

When creating or adapting the study and examination plan, a suitable time slot can also be planned
for a study component at a foreign university. In principle, every semester is suitable for this. The
decision will depend on the student’s previous achievements and the programme offered at the chosen
foreign university.



2 Study Plans

2.1 Overview by Modules

Here we provide an overview of the study plan as a table showing the modules to be taken.

ST Module
Number

Module Title Type of Type of | Course- | Type of | ECTS-
Course Module | work Exam Points

Section 1: Study Fo

cus

1-3

In addition to the module Seminar PMW 18
Study Focus modules totalling 18 LP
in accordance with the more detailed
regulations in 3 Module Descriptions

2-3 MAT-40-01

Seminar: Study Focus S PMW s.M. Pr 3

Section 2: Advanced Knowledge in Mathematics

1-3

Modules amounting to 30-33 LP PMW 30-33
according to the more detailed regu-
lations in 3 Module Descriptions

Section 3: Elective Specialisation

1-3

Modules from the degree pro- WPM 27-30
grammes of the Department of Math-
ematics or other departments (for
more detailed regulations see below.
3 Module Descriptions)

Section 4: Scientific Work

3 MAT-40-02

Introduction to Scientific Work P PM s.M. - 9

4 MAT-40-03

Master Thesis M.Sc. Mathematics MT PM MT 30

Abbreviations:
Type of Module

Examination Type :
Teaching Format

Course Work
Other

: PM=compulsory module, PMW=compulsory module with choice, WPM=elective module

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, IC=inverted classroom

: EC=exercise certificate
: h=hours, o0.=or, s.M.=see module description, ST=suggested term
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2.2 Overview by the Course of Studies

First we provide a general study plan that shows the distribution of credit points by section. On the
following pages you will find examples of study plans for different personal study specialisations.

Schematic Study Plan

FS | CP Core Area of Mathematics Elective Specialisation
1 | 30
Study Focus

(21 CP) Advanced Knowledge Elective Specialisation

2 | 30 in Mathematics (27-30 CP)
(30-33 CP)

o 1= Scientific Work

(39 CP)
4 | 30

Explanation of the Abbreviations:
FS=semester, CP=credit points (ECTS points)

2.3 Selection of Possible Courses of Studies

Unspecific Exemplary Study Plan

The following exemplary study plan shows how the coursework to be completed could be distributed
over the four semesters without naming specific modules.

Unspecific Exemplary Study Plan
FS | CP Core Area of Mathematics Spcs:lfa‘iitisva?i o
Study Focus: Advanced Knowledge | Advanced Knowledge
(9 CP) Introductory Lecture Advanced Lecture
(9 CP) (8CP)
Study Focus: Study Focus: Advanced Knowledge
2 | 30 | Advanced Lecture Seminar in Mathematics: e
(9 CP) (3 CP) Advanced Lecture Electi
(9 CP) ective
Area
Introduction to Advanced Knowledge | Advanced Knowledge (27-33
3 | 30 Scientific Work in Mathematics: in Mathematics: CP)
(9 CP) Advanced Lecture Advanced Lecture
(9 CP) (8 CP)
4 | 30 Master Thesis
(30 CP)
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Exemplary Study Programme Plans for the Personal Study Specialisation

We would now like to list an exemplary study plan for each of the study focusses to show what such
a study programme could look like. However, as the choice of modules depends on a large number
of factors (previous knowledge from the Bachelor’'s degree programme, current range of courses,
personal interests), these should not be seen as recommendations and and generally cannot be
studied in exactly this combination.

Study plan with Personal Study Specialisation Algebra and Geometry
FS | CP Core Area of Mathematics SpeE(!%iitisvaeti -
Advanced Module:
1 | 33 | Algebraic Geometry Probability Theory Geometry in Physics Written
(9 CP) (9 CP) (9 CP) Communication and
Translation
(B.A. Anglistik)
(6 CP)
Focus: Partial Differential Algebraic
2 | 30 Comp(tgeéPA)lgebra St%%ymi,?gﬁ’ ° a"E‘qua{tigﬁim'a Transformation
(3CP) (9 CP) Groups
(9 CP)
. . . Descriptive
Introduction to i Geometric Evolution Py g
3 | 27 Scientific Work Percol(agl%np')l'heory Equations Linguistics
(9 CP) (3 CP) (MA En_ghsh
Linguistics)
(12 CP)
4 | 30 Master Thesis
(30 CP)
Study Plan with the Personal Study Specialisation Analysis and Differential Geometry
: Elective
FS | CP Core Area of Mathematics Specialisation
Harmonic Analysis on ' Seminar Advanced Nuclear and Particle
1 | 30 Abelian Groups Commu(tgtg/Fe))Algebra Knowledge in Physics
(9 CP) Mathematics (B.Sc. Physics)
(8CP) (9 CP)
Harmonic Analysis on Study Focus: ; Physics of
2 | 30 Genelral GroS{Jrle ge);nirg’gru ® Algebralgcgpe L] Nanostructures
(9 CP) (3CP) {97 (B.Sc. Physics)
(9 CP)
Introduction to Mathematical Numerics of Mathematical
3 |30 Scientific Work Quantum Theory Stochastic Differential Relativity
(9 CP) (9 CP) Equations (9 CP)
(83CP)
4 | 30 Master Thesis
(30 CP)
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Study Plan with the Personal Study Specialisation Mathematical Physics

Master Thesis (30 CP)

; Elective
FS | CP Core Area of Mathematics Specialisation
Mathematical Seminar Advanced Condensed Matter
1 [ 30 | Quantum Theory Conve o Knowledge in (B.Sc. Physics)
(9 CP) Mathematics (9 CP)
(83CP)
Mathematical Study Focus: Numerics of | Classical Field Theory
2 | 30 Relativity Seminar Statlorézrya?g;esrentlal (B.Sc. Physics)
9 CP 3CP uatl 9 CP
(9 CP) (3 CP) T (9 CP)
Introduction to Numerics of Selected Chapters -
3 | 30 Scientific Work Instationary from the Theory of Probabg;llgPTheory
(9 CP) Differential Equations | Dynamical Systems ( )
(9 CP) (3CP)
4 | 30

Study Plan in the Personal Study Specialisation Numerical Mathematics and Optimisation

Master Thesis (30 CP)

FS | CP Core Area of Mathematics SpeEclgiitis‘;?ion
Optimisation with Introduction to the Algorithms
1 | 30 Diffeprentia| Equations Partial Differential %-Qéﬂs)) (B.Sc. Computer
(9 CP) Equations Science)
(9 CP) (9 CP)
L : . Machine Learning:
Stochastic Differential Study Focus: Algebraic Number Algorithms and
2 30 Equations Seminar Theory Theory
(9CP) (3CP) (9 CP) (M.Sc. Computer
Science)
(9 CP)
Introduction to Mathematical Elastic Curves Mgﬁﬁ”&%;“
3 | 30 Scientific Work Statistics (3CP) (M.Sc. Computer
(9 CP) (9 CP) ' Séience)
(9 CP)
4 |30 Master Thesis (30 CP)
Study Plan with the Personal Study Specialisation Stochastics
FS | CP Core Area of Mathematics Spgfaﬁitis‘;?ion
. . : Introduction to the
1 30 Stochastic Processes Functional Analysis SL>(R) Partial Differential
(9 CP) (9 CP (3 CP) Equations
(9 CP)
. . Microeconomics
5 | g | Mahematical Study Focus: Computer Algebra | (B.Sc. Economics and
Ul Sl (9 CP) Business Administra-
(9 CP) (3 CP) tion)
(9 CP)
' : - Microeconomics
Introduction to Geometric Variation ;
3 | 30 Scientific Work SeSligr s Problems (B.Sc. Economics
(9 CP) (9 CP) 3CP and Business
( ) Administration)
(9 CP)
4 | 30
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2.4 Overview by Course of Study and Examination Requirements

Overview by Course of Study and Examination Requirements

Exam Teaching Semester
The allocation of exami-
nations / ECTS points to
semesters is of a recom-
mendatory nature. The al-
% location of ECTS points to
5 courses are of an informa-
© 7 | tive nature. Credits are only
= = o O | awarded upon completion of
g = 2|5 2 | the module.
= £ = | 9 £
. N o E ..('_) €
o = < < o %) n
[0} © e} k=] o 2 n ke 1. 2. 3. 4.
= 5 Tl g 2= |0
= a |S6|=|F| & D 0| cp|cP| cCP| CP
Section 1: Study Focus 21

In addition to the module Seminar Study Focus, modules totalling 18 credit points from the selected Personal Study
Specialisation in compliance with the in accordance with the requirements on page 12 must be included. Below, a
possible schematic distribution of credit points across the academic semesters is provided.

First Advanced Module from the Personal Study Specialisation 6 9
1. | Lecture Wr. | 90-120 L o | 4 6
0. 0. g |9
2. | Exercise class or. 20-30 E o | 2 3
Second Advanced module from the Personal Study Specialisation 6 9
1. | Lecture Wr. | 90-120 L f 4 6
0. 0. g |9
2. | Exercise class Or. 20-30 E f 2 3
Seminar Study Focus 2 3
1. | Seminar R 45590 S|o]| 2 3
Section 2: Advanced Knowledge in Mathematics gg_

Here, modules amounting to 30—33 credit points can be selected from the list of modules offered by the Department
of Mathematics, taking into account the guidelines on page 14 . Below, a possible schematic distribution of credit
points across the academic semesters is provided.

Module from the Mathematical General Education selection 9

1. | Lecture Wr. | 90-120 L 0 6
: o. 0. g9

2. | Exercise class or. 20-30 E o 3

First specialisation module (not from the Personal Study Specialisation 3

1. | Lecture Or. 20-30 g 3 L 0 3

Second specialisation module (not from the Personal Study Specialisation)

N[N DDA
©

1. | Lecture Wr. | 90-120 L 0 6
: o. 0. g |9
2. | Exercise class Or. | 20-30 E 0 3
Third specialisation module (not from the Personal Study Specialisation) 9
1. | Lecture Wr. | 90-120 L 0 6
0. 0. g |9
2. | Exercise class Or. 20-30 E o 3
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Overview by Course of Study and Examination Requirements

Exam Teaching Semester
The allocation of exami-
nations / ECTS points to
semesters is of a recom-
mendatory nature. The al-
% location of ECTS points to
5 courses are of an informa-
o & | tive nature. Credits are only
[ .
= = |9 © | awarded upon completion of
§ g g § £ | the module.
I | ¢ |g|2]8 5
© 2 £ | |0 %) n
© © S| o o 210 | E 1 2 3. 4
2 S Sl |2 &8 2|0
= a |S6|=|F| & |® | W| cp| cP| CP | CP
Fourth specialisation module (not from the Personal Study Specialisation) 2 3
1. | Lecture Or. 20-30 g 3 L o 2 3
. . L 27—
Section 3: Elective Specialisation 30

Here you can choose modules totalling 27—30 credit points from the list of modules offered by the Department of
Mathematics and other departments in accordance with the restrictive requirements on page 14.

Section 4: Scientific Work 39
Introduction to Scientific Work 9
1. | Project Proj. ng | 9 0 9
Final Module 30
MA
1. | Master Thesis + g | 30 0 30
Or.
Explanation of the Abbreviations:
Marking system : g=graded, ng=non graded
Form of examination : MA=master thesis, Or.=oral exam, Wr.=written exam, Pres=presentation, TP=term paper
Form of teaching : L=lecture, SL=Seminar or lecture, E=exercise class, r=revision course, P=practical course,
PS=introductory seminar, S=seminar
Status : o=obligatory, f=facultative

Other : 0.=or, SWS=hours in class per week, CP=credit points=ECTS Points




3 Module Descriptions

Section 1: Study Focus

In the section Study Focus, a total of 21 credit points must be earned. Of these, 3 credit points are allocated to the module
Seminar Study Focus. Within this module, a seminar must be attended that is related to the personal study specialisation.

The remaining 18 credit points are to be earned through modules from the list of Specialisation Modules, involving lectures
with or without exercises, concluding with oral or written examinations. The modules must be related to the chosen personal
study specialisation (see module description). Modules from the list of modules for Mathematical General Education cannot
be included here. Additionally, no further seminars or modules that conclude with examinations other than those specified
can be included.

Module Number: Module Title: Type of Module:
MAT-40-01 Seminar: Study Focus Compulsory Module with Choice
ECTS-Points 3

Workload Workload: Time in Class: Self-Study:

- Time in Class 90 h 30 h 60 h

- Self-Study

Duration 1 Semester

Frequency every Semester

Term 2-3

Language of German or English

Instruction

Forms of Teaching Seminar, talk, presentation, e-learning, blended learning
and Learning

Content Various topics from the chosen Personal Study Specialisation.

Objectives Students work independently on in-depth questions from the area of their Personal Study
Specialisation and prepare them in a didactically appealing and scientifically sound form. They
train their presentation techniques and sharpen their professional discussion style. Depending
on the topic chosen, they are introduced to current research questions and prepared for their
Master’s thesis.

<

Requirements ° E §
for obtaining 2 « E £ &
Credits / Grading 8 5 X 2 5
(Weighting if = z | = u o |2
5 o (2] %) n o o £ <
applicable) o |2 |® £ |5 © . S 2
28|20 |2 IS 5 © o
Title E|dh | |o|o (= a 0] =

Seminar S|o|2]|3|yes Pr 60-90 g 100

In addition to a successful talk, the acquisition of credit points also requires a regular active

participation in the course, for example in the form of questions and contributions to the

discussion or by completing assignments. In addition, a written elaboration of one’s own

presentation or the preparation of a handout for the participants may be part of the work to be

done. This additional work constitutes the coursework for the module.
Transfer The successful completion of the module is a prerequisite for the module Master Thesis M.Sc.

Mathematik.

12
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Prerequisites

Participation in the module requires the successful acquisition of at least 9 ECTS points from
modules in the Study Specialisation.

Responsible
Persons

The dean of studies at the Department of Mathematics

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom




Module Handbook for the Study Programme M.Sc. Mathematik 14

Section 2: Advanced Knowledge in Mathematics

In the section Advanced Knowledge in Mathematics, credit points ranging from 30 to 33 must be earned through modules
from the lists for Mathematical General Education or Specialisation Modules. The following requirements must be observed:

+ The modules must be assignable to areas other than the personal study specialisation (see module description);

+ At least 27 credit points must be earned through modules involving lectures with or without exercises, concluding with
oral or written exams;

» Modules worth at least 9 credit points each must be included from at least two specialisations, which are different
from both each other and from the chosen personal study specialisation;

« A maximum of 18 credit points can be included from the list of modules for Mathematical General Education.

These requirements ensure that the programme profile reflects both the necessary breadth in terms of the mathematical
areas studied and the necessary depth within each area studied. In addition, this approach allows students to design
their studies flexibly and individually, while also enabling the department to continually adjust to current developments in
mathematics by offering new modules.

Section 3: Elective Specialisation

In the section Elective Specialisation, credit points ranging from 27 to 30 must be earned. Upon request, modules from all
degree programmes of the University of Tlbingen, including the Master of Science in Mathematics programme, can be
included. When designing the study and examination plan, it is essential to ensure that the planned choices contribute to a
meaningful overall profile of the programme. Additionally, the following notes must be observed:

* At least 9 credit points should come from modules offered by departments other than mathematics;

* Modules from a maximum of two other departments may be included; exceptions can be approved by the examination
board in justified cases;

« The modules from other departments should build on those included in the Bachelor of Science;

» Modules from the Master of Science in Mathematics programme can also be included from the list of modules for
Mathematical General Education and from the chosen personal study specialisation;

» The grades of graded modules in the Elective Specialisation are not included in the calculation of the final grade.

These requirements are intended to ensure that students, throughout their combined studies, comprising both the Bachelor
and Master of Science, acquire competencies beyond their core subject of mathematics in other scientific fields and potential
applications of mathematics, while also allowing them to set meaningful focal points. Depending on individual objectives,
students should also have the opportunity to expand their intra-mathematical knowledge and make up for any missing
prerequisites in the chosen personal study specialisation from the Bachelor’s programme, which may arise, for example,
from transferring from another university, during the Master’s programme.

Which modules are offered in other degree programmes can generally be found in the module handbook of the respective
programme, along with the information related to the specific module. If modules from subjects that have not yet been studied
as part of the Bachelor’s programme are selected, the module handbook for the Bachelor of Science in Mathematics provides
recommendations for the most frequently chosen subjects, indicating which modules may be suitable as an introduction to
the respective field. Further information can be obtained from the Faculty Course Advisors of the respective programmes;
see also:

https://www.uni-tuebingen.de/studium/beratung-und-info/studienfachberatung.html

The following is a list of some of the modules offered by the Department of Mathematics that can only be taken in this
section.

Module Number: Module Title: Type of Module:
MAT-00-14 Science Communication in STEM Fields Elective Module
ECTS-Points 1

Workload Workload: Time in Class: Self-Study:

- Time in Class 30 h 15 h 15h

- Self-Study
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Duration 1 Semester
Frequency not regularly
Term 3-4
Language of English

Instruction

Forms of Teaching
and Learning

Presentation, group work, blended learning, practical exercises

Content + Introduction to vocational fields in science communication.
+ Practical training in science communication.
Objectives The students know the current situation of science communication and different career paths

in this field. They are familiar with the challenges of different formats and media (print media,
museum pedagogy, interactive formats, etc.). Moreover, the students have learned about
the practical aspects which are relevant for science communicators, like free licensing and
employment arrangements. They have trained science communication skills that are relevant
to different science communication formats by means of oral and written practical exercises.

=
£ 2
Requirements 8 e - s
for obtaining 3 X S £ 0]
Credits / Grading o g |w i o |8
(Weighting if S | o ld © 5 £ £
applicable) = ‘é’ 53 2 S B |2
Title 2 |h o |m|o = a G | =
Science communication in | S | f | 1 | 1 |yes none - ng -
STEM Ffields
Within the module a coursework in the form of active participation and a written essay on a
project is required. There is no exam.
Literature Possible References :
» Sam lllingworth, Grant Allen: Effective science communication IOP Publishing 2016.
» Beatrice Dernbach, Christian Kleinert, Herbert Miinder: Handbuch Wissenschaftskom-
munikation. Springer 2013.
Transfer The module can be assigned to the Section Elective Specialisation.

Prerequisites

There are no prerequisites.

Responsible
Persons

Carla Cederbaum

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Section 4: Scientific Work

The section Scientific Work particularly prepares students for academic work. It contains two modules.

In the module Introduction to Scientific Work, students are introduced to the thematic environment of their master’s thesis.
They become familiar with the essential principles of independent literature research in a scientific context and learn the main
aspects of writing scientific mathematical texts. The project work and the reading course, which involves guided reading
of scientific texts, are essential teaching and learning forms. The Master Thesis M.Sc. Mathematics module provides the
framework for preparing the master’s thesis and concludes with it as an assessment. Topics from the chosen personal study
specialisation must be addressed in both modules.

Module Number:

Module Title: Type of Module:

MAT-40-02 Introduction to Scientific Work Compulsory Module
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 30 h 240 h

- Self-Study

Duration 1 Semester

Frequency every Semester

Term 3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Individual supervision by a mentor, study of scientific works.

Content

+ Definition of an advanced scientific project in coordination with the mentor.

+ Independent search and study of the relevant scientific literature.

» Formulation of specific problems and methodical approach to their solution.

» Written presentation of the project in conext of current state of research on 5-10 pages.

This module serves generally as a preparation for the Master Thesis

Objectives

Students
+ develop skills to systematically familiarise themselves with a new subject,

+ learn to work critically and to form a substantiated, professional and interdisciplinary
judgement,

+ acquire qualifications in such areas as literature research, identification of relevant
problems and appropriate methods, as well as in the written presentation of a research

proposal.
<
€ S
Requirements 3 e — )
for obtaining § x S £ o}
Credits / Grading o g w o o |8
(Weighting if ISR o ld S 5 £ =
applicable) 81512153 | & = 2 |8
Title P |®d|om|w|o = a S | =
Scientific Project Plo|1]9]yes - - ng i
Transfer Successful completion of this module is a prerequisite for participation in module Master Thesis.

Prerequisites

Successful completion of modules worth at least 30 ECTS in the Sections Specialisation and
Advanced Knowledge in Mathematics.
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Responsible
Persons

The dean of studies at the Department of Mathematics

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number: Module Title: Type of Module:
MAT-40-03 Master Thesis M.Sc. Mathematics Compulsory Module
ECTS-Points 30

Workload Workload: Time in Class: Self-Study:

- Time in Class 900 h regularly, as required 900 h

- Self-Study

Duration 1 Semester

Frequency every Semester

Term 4

Language of
Instruction

German or English

Forms of Teaching
and Learning

Master thesis

Content

The master thesis brings the master studies to a close. The students have to work under
instruction of an advisor on a defined task from mathematics, which will lead up to the current
state of research, with scientific methods and present the results in written form. In detail this

includes:

« the formulation of a scientific question in accordance with the advisor;

+ the independent search for and the study of relevant scientific literature;

+ the formulation of suited questions and methodical approaches for their solution;

« the independent realisation of the project, the written presentation of the project and the

results in the context of the current state of research.

The results shall contribute to scientific knowledge. In the master thesis, a question should be
be worked on, which belongs to the mathematical area of the chosen personal specialisation.

Objectives

The students

+ are capable of familiarising themselves with a problem, which will lead up to current
research topics, till a deadline and to independently develop a solution strategy,

+ can use suited scientific methods with growing independence and can present the

results in a scientifically appropriate form,

+ can independently work on a scientific topic and are capable of using their mathemtical

methodology knowledge,

+ enhance their problem solving expertise and can transfer their methodology knowledge,

+ are able to present the results of ther projects to a professional audience.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)

=
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. 100

Master Thesis MT| o | - |30 no MT - g

Transfer
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Prerequisites

Subject specific prerequisite for admission to the module Master Thesis is besides the general
part of the examination regulations the successful completion of the module Introduction to
Scientific Work and of the modules in the specialisation as well as the aquisiton of at least
further 30 credit poins.

Responsible
Persons

The dean of studies at the Department of Mathematics

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom




Module Handbook for the Study Programme M.Sc. Mathematik 20

Modules of Type Mathematical general education

The modules for Mathematical General Education are predominantly introductory courses in various advanced areas of
mathematics. Many of these areas can be further specialised within the offered specialisation modules. The courses
underlying these modules can also be included in the modules of the third year of the Bachelor of Science in Mathematics
again. If the courses have already been included in the framework of a module in the Bachelor of Science in Mathematics,
the module cannot be included in the Master of Science in Mathematics. The module descriptions indicate which study
specialisations the respective module is assigned to; the assignment may depend on taking additional modules.

The module descriptions on the following pages are sorted by the module numbers. For clarity, we first provide a list
of modules sorted by their title in alphabetical order and then sorted by whether they are offered regularly or irregularly.
Subsequently, there are listings of the modules based on their inclusion in the study specialisations.

Modules which are offered regularly (at least once every two years)

+ Algorithms of Numerical Mathematics (MAT-70-01, 9 CP) ... . it 72
« Commutative Algebra (MAT-45-02, O CP) .. ...ttt e 25
» Functional Analysis (MAT-55-01, 9 CP) ..t 47
o Geometry (MAT-50-01, 9 CP) ..ttt e e e e e et e e 35
o Geometry in PhysSics (MAT-85-11, 9 CP) ...t 70
* Introduction to Commutative Algebra and Algebraic Geometry (MAT-45-01,9CP) ...........coiiiiiiiiiiint. 23
« Introduction to Partial Differential Equations (MAT-55-21, 9 CP) . ... ..ottt 51
* Non-Linear Optimisation (MAT-70-21, O CP) ...ttt e 76
* Probability Theory (MAT-75-01, 9 CP) ... e e e 78

Modules which are not offered regularly

+ Algebraic Topology 1 (MAT-50-21, 9 CP) ... e e et 43
+ Calculus of Variations (MAT-55-49, 5 CP) ...t e 63
« Convex Geometry (MAT-50-02, 9 CP) ...ttt e e e e e 37
o Cryptography (MAT-45-23, 5 CP) ... e e e e 29
+ Elementary Number Theory (MAT-45-25, 8 CP) ... e 31
» Foundations of Discrete Mathematics (MAT-75-12, 9 CP) ... . ottt 80
» Geometry of Manifolds 1 (MAT-50-10, 9 CP) ... i e 39
+ Hyperbolic Geometry: Axiomatic, Reflection Geometric, Algebraic (MAT-50-50, 9 CP) ...........coiiiiiiniint. 45
« Introduction to Dynamical Systems (MAT-55-34, 3 CP) . ...ttt 55
+ Introduction to Geometric Measure Theory (MAT-55-41, 9 CP) ... ..ot e 57
* Introduction to Geometric Measure Theory — Measure Theoretic Methods (MAT-55-44,5CP) ................. 59
* Introduction to Geometric Measure Theory — Varifolds (MAT-55-45,5 CP) ... ..o 61
* Introduction to Mathematical Logic (MAT-55-60, 3 CP) . ... ot 67
* Introduction to Optimisation (MAT-70-20, 6 CP) . ... . it e e 74
« Introduction to Partial Differential Equations — Part 1 (MAT-55-25, 5 CP) ... ..ottt 53
+ Introduction to set theory (MAT-55-63, 3 CP) ...ttt e 69
o Lie Groups (MAT-55-51, 9 CP) ittt et e e et 65
+ Linear Control Theory (MAT-55-07, 8 CP) ...t e e 49
* Number Theory and Cryptography (MAT-45-22, 9 CP) . ... .. .ot e 27
» Software Obfuscation: Mixed Boolean-Arithmetic Expressions (MAT-45-30,5CP) ..........oiiiiiiiiiiiant, 33

¢ TOPOIOGY (MAT-50-20, 8 CP) ..o e 41
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Modules in the Specialisation Algebra and Geometry

The following modules belong to the specialisation Algebra and Geometry. Possible restrictions can be found in the module

description.
» Algebraic Topology 1 (MAT-50-21, O CP) ... i e e e e et aaens 43
« Commutative Algebra (MAT-45-02, O CP) ... e e e 25
o Convex Geometry (MAT-50-02, O CP) ..ottt e e 37
o Cryptography (MAT-45-28, 5 CP) ..ot e e e e 29
» Elementary Number Theory (MAT-45-25, 8 CP) ..ot e 31
+ Foundations of Discrete Mathematics (MAT-75-12, 9 CP) ... .. ittt 80
» Geometry of Manifolds 1 (MAT-50-10, 9 CP) ... i et 39
+ Introduction to Commutative Algebra and Algebraic Geometry (MAT-45-01,9CP) .........c.ciiiiiiiiiiiint. 23
o Lie Groups (MAT-55-51, 9 CP) ottt e e et e 65
* Number Theory and Cryptography (MAT-45-22, 9 CP) . ... it 27
+ Software Obfuscation: Mixed Boolean-Arithmetic Expressions (MAT-45-30, 5CP) ..........ccciiiiiiiiiiiint. 33
o Topology (MAT-50-20, B CP) ...ttt ittt ettt ettt et et ettt et e et e 41

Modules in the Specialisation Analysis and Differential Geometry

The following modules belong to the specialisation Analysis and Differential Geometry. Possible restrictions can be found in
the module description.

Algebraic Topology 1 (MAT-50-21, O CP) ..o e e et 43
Calculus of Variations (MAT-55-49, 5 CP) ...t ieeeeeeeeeeeeaaee 63
Convex Geometry (MAT-50-02, O CP) ...ttt e et 37
Functional Analysis (MAT-55-01, 9 CP) ...t e e 47
Geometry (MAT-50-01, O CP) ..o e e e e e e e 35
Geometry in Physics (MAT-65-11, 9 CP) ... it e 70
Geometry of Manifolds 1 (MAT-50-10, O CP) ... it et 39
Hyperbolic Geometry: Axiomatic, Reflection Geometric, Algebraic (MAT-50-50, 9 CP) .......... ..ot 45
Introduction to Dynamical Systems (MAT-55-34, 3 CP) . ... ..ttt 55
Introduction to Geometric Measure Theory (MAT-55-41, 9 CP) ...ttt e 57
Introduction to Geometric Measure Theory — Measure Theoretic Methods (MAT-55-44,5CP) ................. 59
Introduction to Geometric Measure Theory — Varifolds (MAT-55-45, 5 CP) ... .ot 61
Introduction to Optimisation (MAT-70-20, 6 CP) ... .t e e 74
Introduction to Partial Differential Equations (MAT-55-21, 9 CP) ... .ot 51
Introduction to Partial Differential Equations — Part 1 (MAT-55-25, 5 CP) ..ottt 53
Lie Groups (MAT-55-51, 9 CP) ..o e e e e e e e 65
Linear Control Theory (MAT-55-07, 8 CP) ... i et 49
Topology (MAT-50-20, 8 CP) ...ttt ettt ettt et et e e ettt et 41
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Modules in the Specialisation Mathematical Physics

The following modules belong to the specialisation Mathematical Physics. Possible restrictions can be found in the module
description.

» Calculus of Variations (MAT-55-49, 5 CP) ... .ot e e et e et 63
* Functional Analysis (MAT-55-01, 9 CP) ...ttt 47
o Geometry (MAT-50-01, 9 CP) ..ottt et e e e e e ettt e 35
* Geometry in Physics (MAT-85-11, 9 CP) ... e et 70
» Hyperbolic Geometry: Axiomatic, Reflection Geometric, Algebraic (MAT-50-50, 9 CP) ..........ccciiiiiiiinnt. 45
* Introduction to Partial Differential Equations (MAT-55-21,9 CP) ... ...t 51
+ Introduction to Partial Differential Equations — Part 1 (MAT-55-25, 5 CP) ... .ottt 53

Modules in the Specialisation Numerial Mathematics and Optimisation

The following modules belong to the specialisation Numerial Mathematics and Optimisation. Possible restrictions can be
found in the module description.

+ Algorithms of Numerical Mathematics (MAT-70-01, 9 CP) ... oot 72
* Functional Analysis (MAT-55-01, 9 CP) ...t e e e 47
+ Introduction to Optimisation (MAT-70-20, 6 CP) .. ...ttt e 74
+ Introduction to Partial Differential Equations (MAT-55-21, 9 CP) . ...t 51
+ Introduction to Partial Differential Equations — Part 1 (MAT-55-25, 5 CP) ... ..o 53
* Non-Linear Optimisation (MAT-70-21, O CP) ... ittt e e e e 76

Modules in the Specialisation Stochastics
The following modules belong to the specialisation Stochastics. Possible restrictions can be found in the module description.
» Foundations of Discrete Mathematics (MAT-75-12, 9 CP) ... .. it e e e 80

* Probability Theory (MAT-75-01, 9 CP) ..o e e e e 78
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Modul descriptions (Mathematical general education)

Module Number: Module Title: Type of Module:

MAT-45-01 Introduction to Commutative Algebra and Algebraic Geom- | Compulsory Module with Choice
etry

ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly in Winter Semester

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

* Rings and ideals.

+ Grobner bases.

* Localization.

» Noetherian rings and modules.

* Integral ring extensions.

+ Krull’s principal ideal theorem and dimension theory.
+ Hilbert’'s Nullstellensatz and Noether normalisation.

« Affine varieties, Zariski topology, morphisms.

Objectives

The students have become familiar with the central concepts, results, and methods of commu-
tative algebra and affine algebraic geometry. They have experienced the profound interplay
between algebra and geometry through the example of affine varieties. Furthermore, the
students understand how adopting a higher perspective - namely, abstracting the problem -
enables the simultaneous treatment and resolution of seemingly unrelated questions. The
students are capable of naming and proving the essential results of the lecture as well as
assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
onto new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical
discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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Introduction to Commuta-
. . L|f|4]6 B
tive Algebra and Algebraic yes Wc:.r °. 09028?300 g 100
Geometry E|f|2]3 ' '

In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :

* Michael Francis Atiyah, lan G. Macdonald: Introduction to commutative algebra. Addison
Wesley 1969.

» David A. Cox, John B. Little, Donal O’Shea: Ideals, varieties, and algorithms. Springer
2008.

+ David Eisenbud: Commutative algebra with a view toward algebraic geometry. Springer
1995.

 Ernst Kunz: Einflhrung in die kommutative Algebra und algebraische Geometrie. Vie-
weg 1980.

* Miles Reid: Undergraduate Commutative Algebra. Cambridge University Press 1997.

Transfer

The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

The module cannot be taken together with the module ‘Commutative Algebra’ due to the large
overlap in content.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Jirgen Hausen

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:

MAT-45-02 Commutative Algebra Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly in Winter Semester

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

* Rings and Ideals.

* Localisation and local rings.

» Noetherian and Artinian rings and modules.

* Integral ring extensions and Cohen-Seidenberg theorems.

» Krull’s principal ideal theorem and dimension theory.

* Primary decomposition.

+ Normality, regularity and discrete valuation rings.

» Hilbert’'s Nullstellensatz and Noether normalisation.

Objectives

The students are familiar with and understand the language and methods of commutative
algebra, which are essential for studying the fields of algebra, geometry, and number theory.
They recognise how adopting a higher perspective - namely, abstracting the problem - enables
the simultaneous treatment and resolution of seemingly unrelated questions. The students are
capable of naming and proving the essential results of the lecture as well as assessing and

explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
onto new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical

discourse.
=5
© E 3
Requirements 7} = e g
for obtaining 3 5 2 S d
Credits / Grading o = w ) o |
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Title 5|5 (0|8 | & a G | =
. L f |4 R
Commutative Algebra 6 yes | IO 902180 g | 100
Elfl2]3 or. 0. 20-30

In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :

* Michael Francis Atiyah, lan G. Macdonald: Introduction to commutative algebra. Addison
Wesley 1969.

» David A. Cox, John B. Little, Donal O’Shea: Ideals, varieties, and algorithms. Springer
2008.

+ David Eisenbud: Commutative algebra with a view toward algebraic geometry. Springer
1995.

 Ernst Kunz: Einflihrung in die kommutative Algebra und algebraische Geometrie. Vieweg
1980.

* Miles Reid: Undergraduate Commutative Algebra. Cambridge University Press 1997.

Transfer

The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

The module cannot be taken together with the module ’Introduction to Commutative Algebra
and Algebraic Geometry’ due to the large overlap in content.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Victor Batyrev, Thomas Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title: Type of Module:

MAT-45-22 Number Theory and Cryptography Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

* RSA cryptosystem, primality tests, AKS algorithm.
+ Factorisation methods, number field sieve.

+ Quadratic reciprocity in cryptography.

+ Evaluation of the discrete logarithm.

» Dynamical systems and Pollard’s rho algorithm.

« Elliptic curve cryptography.

+ Lattices and post-quantum cryptography.

» Zero-knowledge proofs, digital signatures and hash functions.

Objectives

The students know the basic concepts of elementary number theory and their applications
in cryptography. They have deepened and extended their knowledge about neighbouring
disciplines: They encounter methods of the theory of dynamical systems and become ac-
quainted with elliptic curves over finite fields. They understand how fundamental cryptographic
protocolls are working. Through studying many open problems of crytography, whose solutions
may suprisingly come from most distinct branches of mathematics, the students learn to think
critically. The students are capable of naming and proving the central results of the lecture as
well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
onto new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical
discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :

+ Jeffrey Hoffstein, Jill Pipher, Joseph H. Silverman: An introduction to mathematical
cryptography. Springer 2008.

+ Stefan Muller-Stach, Jens Piontkowski: Elementare und algebraische Zahlentheorie.
Vieweg+Teubner 2011.

+ Joseph H. Silverman, John T. Tate: Rational points on elliptic curves. Springer 1992.

» Nigel Smart: Cryptography: An introduction. McGraw-Hill 2003. (online version:
https://www.cs.bris.ac.uk/~nigel/Crypto_Book/).

» Lawrence C. Washington: Elliptic curves: Number theory and cryptography. Chaman &
Hall/CRC 2008.

Transfer

The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

The module cannot be taken together with the module ’Elliptic Curves and Cryptography’ due
to the large overlap in content.

Prerequisites

The contents of the module Algebra from the study programme Bachelor of Science Mathemat-
ics are presumed.

Responsible
Persons

Elena Klimenko, Thomas Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, |IC=inverted classroom

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:

MAT-45-23 Cryptography Compulsory Module with Choice
ECTS-Points 5

Workload Workload: Time in Class: Self-Study:

- Time in Class 150 h 45h 105 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lectures 2 SWS + Exercise Classes 2 SWS, Homework Assignments

Content

+ Brief review of key concepts and results from algebra and number theory.

« Historical ciphers and their cryptanalysis (Caesar, Vigenere, substitution); encryption
schemes.

+ Diffie-Hellman protocol and fast exponentiation.
+ Discrete logarithms: Shanks’ algorithm and Pollard’s rho method.
» RSA: correctness, security, and attacks.

+ Signature schemes.

Objectives

Students are familiar with the fundamental concepts and results of elementary number theory
and algebra, as well as their application in cryptography. They can implement the methods
covered in Python or SageMath in an exemplary manner and know what to pay attention to.
Using classical ciphers, they understand typical strengths and weaknesses; they master the
Diffie-Hellman protocol and are familiar with the man-in-the-middle attack. They can compute
discrete logarithms in cyclic groups, understand the RSA scheme, and are able to interpret
the recommendations of the Federal Office for Information Security (BSI). In various attack
scenarios, they can identify weaknesses of RSA when the requisite conditions are not met.
By engaging with numerous open problems in cryptography — whose solution approaches
can, perhaps surprisingly, stem from very different areas of mathematics — students practise
critical thinking. The exercises are central and support students in working independently and
in a practice-oriented way, especially with CAS systems such as SageMath. The students
are capable of naming and proving the central results of the lecture as well as assessing and
explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
onto new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical
discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired.
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Literature Possible References :
+ Jeffrey Hoffstein, Jill Pipher, Joseph H. Silverman: An introduction to mathematical
cryptography. Springer 2008.
+ Christian Karpfinger, Hubert Kiechle: Kryptologie, Algebraische Methoden und Algorith-
men, Vieweg 2010.
« Dan Boneh, Victor Shoup: A Graduate Course in Applied Cryptography. 2023 (online
Version: https://toc.cryptobook.us/).
+ Jonathan Katz, Yehuda Lindell: Introduction to Modern Cryptography. Chapman and
Hall/CRC 2020.
Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account

the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

The module cannot be taken together with the module '"Number Theory and Cryptography’ due
to the large overlap in content.

Prerequisites

Knowlegde from the modules Algebraic Structures and Algebra are assumed.

Responsible
Persons

Thomas Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, |IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title:

Type of Module:

Instruction

MAT-45-25 Elementary Number Theory Compulsory Module with Choice
ECTS-Points 6

Workload Workload: Time in Class: Self-Study:

- Time in Class 180 h 60 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 2 SWS

Content

+ Divisibility in the integers.

* Prime numbers.
» Congruences.
* Quadratic residues.

» Arithmetic functions.

* Multiplicative functions.

 Classical theorems.

+ Applications.

Objectives

Students deepen their basic knowledge of integers and experience applying this knowledge to
mathematical problems of various kinds. The students are capable of naming and proving the
essential results of the lecture as well as assessing and explaining the presented connections.
Students will be able to reflect and critically analyse the current state of research in the subject

area.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :
 Friedhelm Padberg: Elementare Zahlentheorie. Spektrum Akademischer Verlag 2001.
+ Stefan Mueller-Stach, J. Piontkowski: Elementare und algebraische Zahlentheorie.
Vieweg 2006.
Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account

the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites

In terms of content, only basic knowledge of groups and rings from linear algebra is required.

Responsible
Persons

Victor Batyrev, Thomas Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number: Module Title: Type of Module:

MAT-45-30 Software Obfuscation: Mixed Boolean-Arithmetic Expres- | Compulsory Module with Choice
sions

ECTS-Points 5

Workload Workload: Time in Class: Self-Study:

- Time in Class 150 h 45h 105 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 1 SWS

Content + What is software obfuscation and what is it used for? What techniques are there, and
why is deobfuscation so difficult? What does a reverse engineer do? Introductory
examples.

» Mathematical foundations: ideals in Z, greatest common divisor, Euclidean algorithm,
time complexity estimates, rings and fields, computations in residue class rings, permu-
tations, matrices and determinants, linear algebra over rings.

» Boolean algebras and Boolean functions.

» Fundamentals of mixed Boolean-arithmetic expressions (MBA).

+ Obfuscation using MBAs and permutation polynomials.

» Deobfuscation using MBAs; analysis and comparison of state-of-the-art tools and their
weaknesses.

» Deobfuscation using program synthesis.

Objectives The students are familiar with initial techniques in the field of software obfuscation and deob-

fuscation and understand the mathematical results required for this. They are able to apply
these confidently. The students are capable of naming and proving the central results of the
lecture as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
onto new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical
discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired.
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Literature

Possible References :

» Yongxin Zhou, Andrew Main, Yuxin Gu, Harrison Johnson. Information Hiding in Software
with Mixed Boolean-Arithmetic Transforms. In: International Workshop on Information
Security Applications (WISA). Springer, 2007, pp. 6175.

« Bernhard Reichenwallner, Peter Meerwald-Stadler. Ecient Deobfuscation of Linear Mi-
xed Boolean-Arithmetic Expressions. In: Proceedings of the 15th ACM Workshop on
Articial Intelligence and Security (AlSec 2022). ACM, 2022, pp. 119130.

Transfer

The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites

Knowlegde from Linear Algebra and the submodule Algebraic Structures are assumed.

Responsible
Persons

Thomas Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:

MAT-50-01 Geometry Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly in Winter Semester

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content » Axiomatic foundation of planar geometry.
+ Euclidean and non-Euclidean geometry.
» Parametrised curves and surfaces.
Objectives The students deepen their axiomatic way of thinking and are capable of giving correct proofs.

They know the basic principles of geometry, are able to solve concrete problems and know the
fundamental links between geometry and topology. The students are capable of naming and
proving the essential results of the lecture as well as assessing and explaining the presented
connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
to new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

» Michele Audin: Geometry. Springer 2003.

» Marcel Berger: Geometry Revealed: A Jacob’s Ladder to Modern Higher Geometry.
Springer 2010.

 David A. Brannan, Matthew F. Esplen, Jeremy J. Gray: Geometry. Cambridge University
Press 2012.

+ John Stillwell: The four pillars of geometry. Springer 2005.
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Transfer

The module belongs to the Study Specialisations Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Christoph Bohle, Carla Cederbaum, Hannah Markwig, Ivo Radloff

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title: Type of Module:

MAT-50-02 Convex Geometry Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content » Cones, polytopes, polyhedra, fans, polyedral complexes.
» Normal fans of polygons.
 Triangulations, subdivisions, secondary fans, discriminants.
Objectives In the lecture the students learn basic terms, results and methods of convex geometry. They

develope a deepened understanding for the concept of duality of mathematical objects on
the example of polytopes and fans. Furthermore they enhance their geometric view and their
spatial sense. The students are capable of naming and proving the central results of the lecture
as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
onto new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical
discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :
+ Ginter M. Ziegler: Lectures on Polytopes. Springer 1998.
Transfer The module belongs to the Study Specialisations Algebra and Geometry and Analysis and

Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Hannah Markwig




Module Handbook for the Study Programme M.Sc. Mathematik 38

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number:

Module Title:

Type of Module:

MAT-50-10 Geometry of Manifolds 1 Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

« Manifolds and submanifolds.

» Vector fields and flows.

+ Metrics, foundations of Riemannian geometry.

» Complex structures.

« Theorem of GauB3-Bonnet on surfaces.

Objectives

The students know and understand the fundamental concepts of real and complex differential
geometry and the basic techniques for handling them. Especially they have deepened their
understanding of differential and integral calculus and have exemplarily experienced how
mathematical concepts are used in a natural way in geometry. The students are capable of
naming and proving the essential results of the lecture as well as assessing and explaining the

presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
to new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical

discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :

+ Sylvestre Gallot, Dominique Hulin, Jacques Lafontaine: Riemannian Geometry. Springer
2004.

» John M. Lee: Introduction to Smooth Manifolds. Springer 2012.
« Liviu I. Nicolaescu: Lectures On The Geometry Of Manifolds. World Scientific 1996.

« Clifford Henry Taubes: Differential Geometry: Bundles, Connections, Metrics and
Curvature. Oxford University Press 2011.

Transfer

The module belongs to the Study Specialisations Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Due to a significant overlap in contents the module cannot be taken together with either of the
modules 'Geometry in Physics’ and 'Introduction to Differential Geometry’.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Christoph Bohle, Frank Loose

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, |IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Instruction

Module Number: Module Title: Type of Module:

MAT-50-20 Topology Compulsory Module with Choice
ECTS-Points 6

Workload Workload: Time in Class: Self-Study:

- Time in Class 180 h 60 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 2 SWS

Content

» Review of metric spaces: closed sets, environment, continuity, complete metric spaces,
compactness in metric spaces metric spaces.

« Set-theoretic topology: topological spaces, continuity convergence, compactness, sepa-
ration axioms.

» Spaces of continuous functions: Urysohn’s lemma and applications, Stone-Cech com-
pactification, the theorem of Stone-Weierstraf3, notions of convergence in functions,
compactness in spaces of functions.

» Baire’s spaces and application of Baire’s theory: Baire’s function classes, existence
theorems.

+ Outlook on algebraic topology.

Objectives

Students have familiarised themselves with the central concepts, results and methods of
set-theoretical topology and have understood that this theory can be used to describe many
phenomena in different areas of mathematics. In this way, they link their knowledge of very
different areas of mathematics. The students are capable of naming and proving the essential
results of the lecture as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :
+ Felix Hausdorff: Grundzlge der Mengenlehre. Von Veit & Comp. 1914.
+ Boto von Querenburg: Mengentheoretische Topologie. Springer 2001.
» Volker Runde: A Taste of Topology. Springer 2005.
Transfer The module belongs to the Study Specialisation Algebra and Geometry and Analysis and

Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Rainer Nagel

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number:

Module Title:

Type of Module:

MAT-50-21 Algebraic Topology 1 Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

+ Set theoretical topology.

+ Basic concepts of category theory.

» The fundamental group of a punctured topological space.

» Theory of covering spaces.

+ Basic concepts of singular homology theory.

+ Applications.

Objectives

The students learn how to realise ideas in topology, e.g. the detection of holes in topological
spaces, into a precise theory, even with a sophisticated technique. In particular, they recognise
how abstract concepts, e.g. from category theory and homological algebra, provide effective
ways of speaking that enable the formation of ideas to be adequately implemented. The
students are capable of naming and proving the essential results of the lecture as well as

assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :
+ Allen Hatcher: Algebraic topology. Cambridge University Press 2009.
 Horst Schubert: Topologie. Teubner 1971.
+ Edwin H. Spanier: Algebraic topology. McGraw-Hill 1966.
» Ralph Stdcker, Heiner Zieschang: Algebraische Topologie. Teubner 1994.

Transfer

The module belongs to the Study Specialisation Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Anton Deitmar, Frank Loose

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, |IC=inverted classroom




Module Handbook for the Study Programme M.Sc. Mathematik 45

Module Number: Module Title: Type of Module:

MAT-50-50 Hyperbolic Geometry: Axiomatic, Reflection Geometric, | Compulsory Module with Choice
Algebraic

ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

Starting from a system of axioms for plane absolute geometry with the basic concepts of
incidence and congruence, the associated Bachmann reflection geometry is developed. After
the introduction of the hyperbolic axiom, this is continued with reflection-geometric end theory.
A Euclidean field is created from the rotations around an end and the translations along a
straight line, with the help of which the hyperbolic plane under consideration is described
algebraically.

Objectives

The students have learnt to look at one and the same mathematical object (in this case absolute
and hyperbolic planes) from completely different perspectives and to link them together. In
particular, they have learnt about Bachmann’s group-theoretically oriented reflection geometry,
which rarely appears in the curriculum, and thus deepen their knowledge of groups. They also
deepened their knowledge about the interweaving of geometry and algebra. The students are
able to name and prove the main statements of the lecture and to categorise and explain the
relationships presented.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

* Friedrich Bachmann: Aufbau der Geometrie aus dem Spiegelungsbegriff. Springer
1959.

» Robin Hartshorne: Geometry: Euclid and beyond. Springer 2000.

» Helmut Karzel, Kay Sérensen, Dirk Windelberg: Einflihrung in die Geometrie. Vanden-
hoeck und Ruprecht 1973.
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Transfer

The module belongs to the Study Specialisations Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

Knowledge from the module Geometry is helpful but not required.

Responsible
Persons

Hermann Hahl, Hannah Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number:

Module Title:

Type of Module:

MAT-55-01 Functional Analysis Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content » Normed spaces, Banach spaces, dual spaces.
» Hahn-Banach theorem, uniform boundedness principle.
+ Closed graph theorem, open mapping theorem, Banach-Alaoglu theorem.
» Compact operators, normal operators, spectral theorems.
Objectives The students are aquainted with the basic principles and techniques of the theory of infinte

dimensional spaces and can apply them to problems in analysis and geometry. They understand
the complexity of problems of spectral theory and can use its results for the solution of analytical
problems. The students are capable of naming and proving the essential results of the lecture

as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
onto new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical

discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :

+ Nicolas Bourbaki: Topological vector spaces. Springer 1987.

« Adam Bowers, Nigel Dalton: An introductory course in functional analysis. Springer

2014,
» Harro Heuser: Funktionalanalysis. Teubner 2006.
» Markus Haase: Functional analysis. American Mathematical Society 2014.
+ Peter D. Lax: Functional analysis. Wiley 2002.
» Gert Kjaergaard Pedersen: Analysis now. Springer 1995.
+ Walter Rudin: Functional analysis. McGraw-Hill 1991.
+ Dirk Werner: Funktionalanalysis. Springer 2011.
+ Kosaku Yosida: Functional analysis. Springer 1995.

» Hans Wilhelm Alt: Lineare Funktionalanalysis. Springer 2012.

Transfer

The module belongs to the Study Specialisations Analysis and Differential Geometry and
Mathematical Physics. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective

Specialisation, in accordance with the restrictive requirements of the respective section.

In combination with one of the modules Numerics of Stationary Differential Equations or
Numerics of Non-Stationary Differential Equations, it can be included in the study focus

Numerical Mathematics and Optimisation.

Prerequisites

There are no prerequisites.

Responsible
Persons

Carla Cederbaum, Anton Deitmar, Gerhard Huisken, Reiner Schéatzle

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, |IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Instruction

Module Number: Module Title: Type of Module:

MAT-55-07 Linear Control Theory Compulsory Module with Choice
ECTS-Points 6

Workload Workload: Time in Class: Self-Study:

- Time in Class 180 h 60 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 2 SWS

Content

Mathematical methods are indispensable for the management and control of complex systems
and processes. The underlying theory is not only fascinating due to its diverse applications,
but also, in its abstract form, due to the clarity and elegance of its methods and results. In this
lecture, finite-dimensional systems are dealt with first, for which a good knowledge of analysis
and linear algebra is sufficient. The aims are Kalman'’s controllability criterion and the resulting
criteria for stabilisability. If there is enough time, we will extend the theory to infinite-dimensional
systems. In the exercise classes we will apply the theory to concrete examples.

Objectives

Students have learnt basic methods of linear control theory. At the same time, they have
experienced and understood the interaction of various theoretical concepts from linear algebra
and analysis and their benefits for specific applications. The students are capable of naming and
proving the essential results of the lecture as well as assessing and explaining the presented
connections. Students will be able to reflect and critically analyse the current state of research
in the subject area.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

» Hans Wilhelm Knobloch, Huibert Kwakernaak: Lineare Kontrolltheorie. Springer 1985.
« Jerzy Zabczyk: Mathematical Control Theory. Birkhduser 1992.

» Ruth F. Curtain, Hans Zwart: An Introduction to Infinite-Dimensional Systems Theory.
Springer 1995.
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Transfer

The module belongs to the Study Specialisation Analysis and Differential Geometry. Taking
into account the chosen personal Study Specialisation, it can be included in the Sections Study
Focus, Advanced Knowledge in Mathematics or Elective Specialisation, in accordance with the
restrictive requirements of the respective section.

Prerequisites

Knowledge of the modules Analysis and Linear Algbra is sufficient.

Responsible
Persons

Rainer Nagel

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Instruction

Module Number: Module Title: Type of Module:

MAT-55-21 Introduction to Partial Differential Equations Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly

Term 1-3

Language of English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content + Harmonic functions.
* Maximum principles.
» Sobolev spaces.
+ L? theory.
» Important examples (Laplace equation, wave equation, heat equation).
» Fundamental solutions (elliptic situation).
» Weak solutions of elliptic equations.
Objectives The students got to know a central branch of analysis, whose terms and methods are funda-

mental for many fields, like numerics or stochastics. Also evolutionary equations, who have
strong connections to geometry, are issue of the lecture. The students are acquainted with
central terms, results and methods of linear partial differential equations and are able to use
these methods in advanced courses. The students are capable of naming and proving the
central results of the lecture as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
onto new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical

discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :
» Lawrence C. Evans: Partial differential equations. American Mathematical Society 2010.
+ David Gilbarg, Neil S. Trudinger: Elliptic partial differential equations of second order.
Springer 2001.
» Olga A. Ladyzenskaja, Vsevolod A. Solonnikov, Nina N. Uralceva: Linear and quasilinear
equations of parabolic type. AMS 1968.
Transfer The module belongs to the Study Specialisations Analysis and Differential Geometry and

Mathematical Physics. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

In combination with one of the modules Numerics of Stationary Differential Equations or
Numerics of Non-Stationary Differential Equations, it can be included in the study focus
Numerical Mathematics and Optimisation.

Prerequisites

There are no further prerequisits.

Responsible
Persons

Gerhard Huisken, Reiner Schatzle

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title: Type of Module:

MAT-55-25 Introduction to Partial Differential Equations — Part 1 Compulsory Module with Choice
ECTS-Points 5

Workload Workload: Time in Class: Self-Study:

- Time in Class 150 h 45h 105 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 1 SWS

Content + Harmonic functions.
* Maximum principles.
» Sobolev spaces.
Objectives The students have familiarised themselves with the first basic features of a central area of

analysis, the concepts and methods of which are fundamental for many other areas, such as
numerics and stochastics. Students are familiar with the central concepts, results and methods
of linear partial differential equations and can successfully apply these methods in the more
advanced courses. The students are capable of naming and proving the essential results of
the lecture as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

» Lawrence C. Evans: Partial differential equations. American Mathematical Society 2010.

+ David Gilbarg, Neil S. Trudinger: Elliptic partial differential equations of second order.
Springer 2001.

» Olga A. Ladyzenskaja, Vsevolod A. Solonnikov, Nina N. Uralceva: Linear and quasilinear
equations of parabolic type. AMS 1968.
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Transfer

The module belongs to the Study Specialisation Analysis and Differential Geometry and
Mathematical Physics. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

In combination with one of the modules 'Numerics of Stationary Differential Equations’ or
‘Numerics of Nonstationary Differential Equations’, it can be included in the Specialisation
Numerical Mathematics and Optimisation.

The module is part of the module Introduction to Partial Differential Equations and cannot be
taken together with this module.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Gerhard Huisken, Reiner Schéatzle

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number:

Module Title:

Type of Module:

MAT-55-34 Introduction to Dynamical Systems Compulsory Module with Choice
ECTS-Points 3

Workload Workload: Time in Class: Self-Study:

- Time in Class 90 h 30 h 60 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 2 SWS

Content

* Kepler's laws.

+ Equilibrium positions.

« Stability.

+ Predator-prey model.

» Poincaré-Bendixson theorem.

» Limit sets.

« Periodic orbits.

» Celestial mechanics.

Objectives

The students can ask and examine qualitative questions about the solutions of ordinary
differential equations, like e.g.: How long do mathematical solutions exist? Are there equilibrium
states or periodic orbits? When are trajectories stable? They are capable of naming and
proving the essential results of the lecture as well as assessing and explaining the presented

* Morris W. Hirsch, Stephen Smale

algebra. Academic Press 1974.

* Vladimir I. Arnold: Mathematical methods of classical mechanics. Springer 2010.

+ Carl Ludwig Siegel, Jurgen Moser: Lectures on celestial mechanics. Springer 1995.

connections.
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Transfer

The module belongs to the Study Specialisation Analysis and Differential Geometry. Taking
into account the chosen personal Study Specialisation, it can be included in the Sections Study
Focus, Advanced Knowledge in Mathematics or Elective Specialisation, in accordance with the
restrictive requirements of the respective section.

The module cannot be taken together with the module 'Dynamical Systems’ due to the large
overlap in content.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Frank Loose

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, |IC=inverted classroom




Module Handbook for the Study Programme M.Sc. Mathematik

57

Module Number: Module Title: Type of Module:

MAT-55-41 Introduction to Geometric Measure Theory Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

analysis and geometry and whose concepts and methods can be successfully applied to
various problems. They have familiarised themselves with the basic concepts, results and
methods of geometric measure theory and can successfully apply these methods in further
courses. The students are capable of naming and proving the essential results of the lecture

as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

Content » Measures, covering theorems, differentiation of measures, Hausdorff measures and
densities.
* Isodiametric inequality.
» Rademacher’s theorem and Whitney’s embedding theorem.
+ Surface- and cosurface formula.
+ Countable rectifiable sets, rectifiable varifolds.
Objectives Students have familiarised themselves with an important mathematical field that combines

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :
» Lawrence C. Evans, Ronald F. Gariepy: Measure theory and fine properties of functions.
CRC Press 1992.
» Herbert Federer: Geometric measure theory. Springer 1969.
» Leon Simon: Lectures on geometric measure theory. Australian National University
1984.
Transfer The module belongs to the Study Specialisation Analysis and Differential Geometry. Taking

into account the chosen personal Study Specialisation, it can be included in the Sections Study
Focus, Advanced Knowledge in Mathematics or Elective Specialisation, in accordance with the
restrictive requirements of the respective section.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Reiner Schatzle

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, |IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:

MAT-55-44 Introduction to Geometric Measure Theory — Measure | Compulsory Module with Choice
Theoretic Methods

ECTS-Points 5

Workload Workload: Time in Class: Self-Study:

- Time in Class 150 h 45h 105 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 1 SWS

Content » Measures, covering theorems, differentiation of measures, Hausdorff measures and
densities.
* Isodiametric inequality.
+ Rademacher’s theorem and Whitney’s embedding theorem.
Objectives Students have familiarised themselves with an important mathematical field that combines

analysis and geometry and whose concepts and methods can be successfully applied to
various problems. They have familiarised themselves with the basic concepts, results and
methods of geometric measure theory and can successfully apply these methods in further
courses. The students are capable of naming and proving the essential results of the lecture
as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

» Lawrence C. Evans, Ronald F. Gariepy: Measure theory and fine properties of functions.
CRC Press 1992.

* Herbert Federer: Geometric measure theory. Springer 1969.

» Leon Simon: Lectures on geometric measure theory. Australian National University
1984.
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Transfer

The module belongs to the Study Specialisation Analysis and Differential Geometry. Taking
into account the chosen personal Study Specialisation, it can be included in the Sections Study
Focus, Advanced Knowledge in Mathematics or Elective Specialisation, in accordance with the
restrictive requirements of the respective section.

The module is part of the module ’Introduction to Geometric Measurement Theory’ and cannot
be taken together with this module.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Reiner Schatzle

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, |IC=inverted classroom
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Module Number: Module Title: Type of Module:

MAT-55-45 Introduction to Geometric Measure Theory — Varifolds Compulsory Module with Choice
ECTS-Points 5

Workload Workload: Time in Class: Self-Study:

- Time in Class 150 h 45h 105 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 1 SWS

Content + Surface- and cosurface formula.
+ Countable rectifiable sets, rectifiable varifolds.
Objectives Students have familiarised themselves with an important mathematical field that combines

analysis and geometry and whose concepts and methods can be successfully applied to
various problems. They have familiarised themselves with basic concepts, results and methods
of geometric measure theory and can successfully apply these methods in further courses.
The students are capable of naming and proving the essential results of the lecture as well as
assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the

examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

+ Lawrence C. Evans, Ronald F. Gariepy: Measure theory and fine properties of functions.
CRC Press 1992.

» Herbert Federer: Geometric measure theory. Springer 1969.

» Leon Simon: Lectures on geometric measure theory. Australian National University
1984.
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Transfer

The module belongs to the Study Specialisation Analysis and Differential Geometry. Taking
into account the chosen personal Study Specialisation, it can be included in the Sections Study
Focus, Advanced Knowledge in Mathematics or Elective Specialisation, in accordance with the
restrictive requirements of the respective section.

The module is part of the module ’Introduction to Geometric Measurement Theory’ and cannot
be taken together with this module.

Prerequisites

The module Integration and Measure Theory from the B.Sc. Mathematics or an equivalent
module must have been successfully completed during the course of studies.

Responsible
Persons

Reiner Schatzle

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number: Module Title: Type of Module:

MAT-55-49 Calculus of Variations Compulsory Module with Choice
ECTS-Points 5

Workload Workload: Time in Class: Self-Study:

- Time in Class 150 h 45h 105 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 1 SWS

Content + Direct method of calculus of variations.
» Euler-Lagrange equations.
+ Palais-Smale condition.
* Mountain-Pass Lemma according to Ambrosetti-Rabinowitz.
Objectives In the first part of the course, students have learnt the direct method of calculus of variations,

which is primarily used to prove the existence of weak solutions of partial differential equations,
but also has applications in e.g. differential geometry. They have also acquired the necessary
basics from functional analysis and partial differential equations and can also use these in a
different context, e.g. geometric analysis. In the second part of the course, students learnt
about a so-called mountain-pass lemma. With its help, they can analyse non-uniqueness in the
existence of solutions of partial differential equations. The students are capable of naming and
proving the essential results of the lecture as well as assessing and explaining the presented
connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

» Michael Struwe: Variational Methods, Springer 2008.

+ David Gilbarg, Neil S. Trudinger: Elliptic Partial Differential Equations of Second Order,
Springer 1998.

» Walter Rudin: Functional Analysis, Mc Graw Hill Education 1991.
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Transfer

The module belongs to the Study Specialisation Analysis and Differential Geometry and
Mathematical Physics. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

Knowledge of the modules Introduction to Partial Differential Equations and Functional Analysis
is an advantage, but not essential.

Responsible
Persons

Reiner Schatzle

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number: Module Title: Type of Module:

MAT-55-51 Lie Groups Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

» Manifolds and Lie groups,

+ Lie algebras and exponential map,

» Covering spaces and classification of Lie groups by their Lie algebras,
+ Classical Lie groups,

» Operations of Lie groups and homogeneous spaces.

Objectives

Lie groups lie at the interface between geometry, algebra and analysis. They are suitable for
describing the symmetries of geometric objects, but also algebraic equations or solutions of
differential equations, in particular if these symmetries form a continuous set. The students
learn from a prominent example how different disciplines of mathematics can work together
very successfully and how a convincing formalism is developed that can precisely describe a
variety of symmetry phenomena. The students are capable of naming and proving the essential
results of the lecture as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

+ Joachim Hilgert, Karl-Hermann Neeb: Liegruppen und Lie-Algebren. Vieweg 1991.
+ Gerhard P. Hochschild: The structure of Lie groups. Holden-Day 1965.

» Frank W. Warner: Foundations of differentiable manifolds and Lie groups. Springer
1983.
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Transfer

The module belongs to the Study Specialisations Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Anton Deitmar, Frank Loose

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number:

Module Title: Type of Module:

MAT-55-60 Introduction to Mathematical Logic Compulsory Module with Choice
ECTS-Points 3

Workload Workload: Time in Class: Self-Study:

- Time in Class 90 h 30 h 60 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 2 SWS

Content

* Propositional logic.

» Languages of the first order:
— Completeness and compactness.

» Theory of computations:
— Register machines;
— Godelisation.

* Incompleteness of arithmetic:
— First and second incompleteness theorem.

+ Set theory:
— Ordinal- and cardinal numbers;
— Incompleteness of set theory.

Objectives

Students are able to understand mathematical theorems and theories in the context of math-
ematical logic. They understand the limits of possible mathematical knowledge, recognise
the difference between truth and provability and can apply basic theoretical model thinking to
mathematical content. The students are capable of naming and proving the essential results of
the lecture as well as assessing and explaining the presented connections.
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Literature Possible References :
» Rautenberg, Wolfgang: Einflihrung in die Mathematische Logik. Vieweg+Teubner 2008.
» Ziegler, Martin: Mathematische Logik. Birkhauser 2016.
Transfer The module is not assigned to a specialisation. It can be included in the Sections Advanced

Knowledge in Mathematics or Elective Specialisation in accordance with the restrictive require-
ments of the respective section.
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Prerequisites

There are no further prerequisites.

Responsible
Persons

Anton Deitmar

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number: Module Title: Type of Module:

MAT-55-63 Introduction to set theory Compulsory Module with Choice
ECTS-Points 3

Workload Workload: Time in Class: Self-Study:

- Time in Class 90 h 30 h 60 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 2 SWS

Content

Content:

Objectives

- The students are able to view mathematical theorems and theories in the context of mathe-
matical logic. They understand the boundaries of the mathematically knowable, the difference
between truth and provability, and are able to apply model-theoretic considerations to mathe-
matical problems. The students can hame and prove the central results of the lecture and they
can explain their intrinsic connections.
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Literature Possible References :
Transfer Mathematische Breitenbildung

Prerequisites

There are no further prerequisites.

Responsible
Persons

Frank Loose

Abbreviations:
Grading System

Examination Type :
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

Teaching Format

Status
Other

g=graded, ng=not graded
MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week




Module Handbook for the Study Programme M.Sc. Mathematik

70

Module Number:

Module Title: Type of Module:

Instruction

MAT-65-11 Geometry in Physics Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly in Winter Semester

Term 1-3

Language of English

Forms of Teaching
and Learning

Lectures 4 SWS + Exercise Classes 2 SWS, Homework Assignments

Content The module provides an introduction to fundamental methods of differential geometry and
their relevance for physics. Particular topics are manifolds, differential forms, Riemannian
metrics and associated notions of curvature, Riemannian geometry of submanifolds, real vector
bundles, and connections. Applications of these concepts in Physics are discussed.

Objectives Students obtain knowledge, understanding, and acquaintance with the use of the listed notions

of differential geometry. They develop, in particular, a deeper understanding of differential and
integral calculus and experience through examples how the mathematical notions are naturally
applied within physical theories. Students obtain knowledge, understanding, and acquaintance
with the use of the listed notions of differential geometry. In particular, they develop a deeper
understanding of differential and integral calculus and experience through examples how the
mathematical notions are naturally applied within physical theories. Students are able to name
and prove the essential statements and concepts from the lecture as well as to explain the
context developed in the lecture and to put it into a larger framework.

Through homework assignments and exercise classes students develop a confident, precise,
and independent acquaintance with the notions, statements, and methods explained in the
lectures. They learn how to transfer these methods to new problems, to analyse them and
to develop solution strategies on their own and within a group. They are able to present their
solutions and to stand for them in a critical discourse if necessary.
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In this module students need to successfully complete assignments in order to be admitted to
the exam. The type of examination is set by the instructor.
Literature Possible References :

+ John Lee: Introduction to smooth manifolds. Springer 2012.
+ John Lee: Riemannian manifolds: An introduction. Springer 1997.
» Chris Isham: Modern differential geometry for physicists. World Scientific 1999.

» Mikio Nakahara: Geometry, Topology and Physics. IOP Publishing 2003.
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Transfer

Participation in the module is a prerequisite for participation in the module Mathematical
Relativity. Successful completion of the module may be a prerequisite for participation in the
module Seminar Knowledge Extension and is so for the participation in the module Scientific
Project.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Christoph Bohle, Carla Cederbaum, Stefan Teufel

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title: Type of Module:

MAT-70-01 Algorithms of Numerical Mathematics Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

Advanced, important algorithms of numerics (without differential equations) such as:
 Fast Fourier transformation;
» QR algorithms for the calulation of eigenvalues;

» Method of conjugated gradients and more general Krylov space methods as iterative
methods in numeric linear algebra and in non-linear optimisation;

+ Simplex method and interior point methods in linear optimisation.

Objectives

The students have learned the key concepts, results, and methods of algorithmic numerical
mathematics. The students are capable of naming and proving the essential results of the
lecture as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :
 Peter Deuflhard, Andreas Hohmann: Numerische Mathematik 1. De Gruyter 2008.
* Martin Hanke-Bourgeois: Grundlagen der Numerischen Mathematik und des Wis-
senschaftlichen Rechnens. Vieweg 2009.
Transfer The module belongs to the Study Specialisation Numerical Mathematics and Optimisation.

Taking into account the chosen personal Study Specialisation, it can be included in the Sections
Study Focus, Advanced Knowledge in Mathematics or Elective Specialisation, in accordance
with the restrictive requirements of the respective section.
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Prerequisites

There are no further prerequisites.

Responsible
Persons

Christian Lubich, Andreas Prohl

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number:

Module Title: Type of Module:

MAT-70-20 Introduction to Optimisation Compulsory Module with Choice
ECTS-Points 6

Workload Workload: Time in Class: Self-Study:

- Time in Class 180 h 60 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 3 SWS + Ex.cl. 1 SWS

Content

+ Optimality theory for smooth, convex and linear optimisation problems optimisation
problems with constraints.

» Foundations of the theory of convex sets and functions.
+ Duality theory for convex and linear optimisation problems.

+ Solution methods for linear optimisation problems.

Objectives

Students know and understand methods and algorithms for solving convex and linear optimisa-
tion problems. They have learnt to apply the methods to simple problems related to economics,
technology or physics. They will be able to critically assess the possibilities and limitations of
using the methods. The students are capable of naming and proving the essential results of
the lecture as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

* Florian Jarre, Joseph Stoer: Optimierung: Einfihrung in mathematische Theorie und
Methoden. Springer 2019.

+ Jorge Nocedal, Stephen J. Wright: Numerical optimization. Springer 2006.
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Transfer

The module belongs to the Study Specialisation Analysis and Differential Geometry and
Numerical Mathematics and Optimisation. Taking into account the chosen personal Study
Specialisation, it can be included in the Sections Study Focus, Advanced Knowledge in
Mathematics or Elective Specialisation, in accordance with the restrictive requirements of the
respective section.

Prerequisites

Only basic knowledge of linear algebra and analysis is required.

Responsible
Persons

Christian Lubich

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Instruction

Module Number: Module Title: Type of Module:

MAT-70-21 Non-Linear Optimisation Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly

Term 1-3

Language of German

Forms of Teaching
and Learning

Lecture 4 SWS

Content

+ Finite-dimensional optimisation, gradient method with Armijo’s rule, globalised Newton
method.

+ Restricted optimisation, Farkas’ lemma, tangent cone.
« Abadie CQ, KKT conditions, Slater conditions.

+ Linear programme, duality, simplex method.

» Penalty and barrier methods, interior point method.

» Nonlinear programs, SQP methods, non-smooth optimisation.

Objectives

Students master the basic principles and techniques of analysis and numerics of constrained
optimisation problems. The students are capable of naming and proving the essential results of
the lecture as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :
+ Carl Geiger, Christian Kanzow: Theorie und Numerik restringierter Optimierungsauf-
gaben. Springer 2002.
Transfer The module belongs to the Study Specialisation Numerical Mathematics and Optimisation.

Taking into account the chosen personal Study Specialisation, it can be included in the Sections
Study Focus, Advanced Knowledge in Mathematics or Elective Specialisation, in accordance
with the restrictive requirements of the respective section.
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Prerequisites

There are no further prerequisites.

Responsible
Persons

Andreas Prohl

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Instruction

Module Number: Module Title: Type of Module:

MAT-75-01 Probability Theory Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly in Winter Semester

Term 1-3

Language of German

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

« Characteristic functions and additions to the central limit theorem.

» Conditional expectations and further measure-theoretic foundations.

» Markov chains and martingales in discrete time, classification, asymptotic behaviour,

stopping times, stationarity, ergodicity.

* Introduction to processes in contiuous time like Poisson processes and Brownian motion.

Objectives

The students got to know the central terms results and methods of probability theory. They
can model, analyse and interprete stochastic dependency structures of random quantities in a
measure theoretically founded manner. The students are capable of naming and proving the
central results of the lecture as well as assessing and explaining the presented connections.
The students are capable of naming and proving the central results of the lecture as well as

assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
onto new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if necessary to argue for it in a critical

discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :

» Heinz Bauer: Wahrscheinlichkeitstheorie und Grundzige der MaB3theorie. De Gruyter
2010.

+ Richard Durrett: Probability, Theory and Examples. Cambridge University Press 2010.
» Hans-Otto Georgii: Stochastik. De Gruyter 2009.

+ Jean Jacod, Philip E. Protter: Probability essentials. Springer 2004.

» Olav Kallenberg. Foundations of Modern Probability. Springer 2002.

+ Achim Klenke: Wahrscheinlichkeitstheorie. Springer 2013.

« David Meintrup, Stefan Schéffler: Stochastik. Springer 2005.

 Albert N. Shiryaev: Probability-1. Springer 2016.

Transfer

The module belongs to the Study Specialisation Stochastics. Taking into account the chosen
personal Study Specialisation, it can be included in the Sections Study Focus, Advanced Knowl-
edge in Mathematics or Elective Specialisation, in accordance with the restrictive requirements
of the respective section.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Martin Méhle, Martin Zerner

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:

MAT-75-12 Foundations of Discrete Mathematics Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

* Logic.

« Sets, relations, functions.

 Partial orders.
» Combinatorics.
» Number theory.

» Graph theory.

+ Algorithms and formal languages.

+ Discrete optimization.

Objectives

Students have learned how to use basic methods of discrete mathematics. They can analyze
discrete structures and identify discrete structures in different contexts. The students are
capable of naming and proving the essential results of the lecture as well as assessing and

explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :

* Ronald Graham, Donald Knuth, Oren Patashnik: Concrete Mathematics. Addison-
Wesley 1994.

» Kenneth H. Rosen: Discrete Mathematics and Its Application. McGraw-Hill 2019.
+ Ralph P. Grimaldi: Discrete and Combinatorial Mathematics. Addison-Wesley 2004.

» Norman L. Biggs: Discrete Mathematics. Oxford University Press 2002.

Transfer

The module belongs to the Study Specialisations Algebra and Geometry and Stochastics.
Taking into account the chosen personal Study Specialisation, it can be included in the Sections
Study Focus, Advanced Knowledge in Mathematics or Elective Specialisation, in accordance
with the restrictive requirements of the respective section.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Martin M6éhle, Martin Zerner, Elmar Teufl

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, |IC=inverted classroom
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Modules of Type Specialisation modules

The Specialisation Modules listed here are modules that generally build on one or more of the modules for Mathematical
General Education and deepen the knowledge and competencies acquired there. If there are content dependencies on
such modules or between each other, these are indicated in the respective module descriptions. There is no requirement to
complete specific modules successfully to prevent any delays in the study programme due to missing individual examination
components. The courses underlying the modules may have been included, in justified cases, in the modules of the third
year of the Bachelor of Science in Mathematics. If the courses have already been included in the framework of a module in
the Bachelor of Science in Mathematics, the module cannot be included in the Master of Science in Mathematics again. The
module descriptions indicate which study specialisations the respective module is assigned to; the assignment may depend
on taking additional modules.

The module descriptions on the following pages are sorted by the module numbers. For clarity, we first provide a list
of modules sorted by their title in alphabetical order and then sorted by whether they are offered regularly or irregularly.
Subsequently, there are listings of the modules based on their inclusion in the study specialisations.

Modules which are offered regularly (at least once every two years)

+ Algebraic Geometry (MAT-45-11, 9 CP) ..ot 95
+ Algebraic Geometry and Toric Varieties (MAT-45-12, 9 CP) ... .ttt 97
+ Foundations of Quantum Mechanics (MAT-65-15, 9 CP) . ... .ottt e 283
« Mathematical Quantum Theory (MAT-85-12, 9 CP) ... .. i e 277
» Mathematical Relativity (MAT-65-13, O CP) ... o e 279
» Mathematical Statistics (MAT-75-03, 9 CP) ...ttt e 341
» Numerics of Instationary Differential Equations (MAT-70-03, 9 CP) ...t e 305
» Numerics of Stationary Differential Equations (MAT-70-02, 9 CP) . .....iuiiuiiii i 303
+ Stochastic Processes (MAT-75-04, O CP) . ...t e 343
+ Topics in Mathematical Relativity (MAT-60-03, 3 CP) ....cuiniii e 249

Modules which are not offered regularly

» Abstract Dynamical Systems (MAT-55-33, 9 CP) ...t e 217
» Advanced Topics in Mathematical Quantum Theory (MAT-65-21, 9 CP) ... ...ttt 285
o Algebraic Curves (MAT-45-14, 9 CP) ... it e e e e 101
+ Algebraic Curves and Riemann Surfaces (MAT-50-29, 9 CP) ... .ottt 173
+ Algebraic Groups (MAT-45-16, 9 CP) ..ot 105
+ Algebraic Number Theory (MAT-45-21, 9 CP) ...t e e 115
+ Algebraic Topology 2 (MAT-50-22, O CP) ...ttt e e et 159
+ Algebraic Topology 3 (MAT-50-23, 3 CP) ...ttt e 161
+ Algebraic Transformation Groups (MAT-45-13, 9 CP) ... ..ot e 99
+ Applied Topology 2 (MAT-50-26, 3 CP) . ... e 167
» Applied topology 1 (MAT-50-25, 8 CP) ...t e e e 165
+ Area Minimising FIOWS (MAT-55-43, 5 CP) ...ttt e 221
« Automorphic FOrms (MAT-55-53, 5 CP) ...t e e 231
+ Bayesian Networks and Causality (MAT-75-21, 5 CP) ...t 361
e Cohomology (MAT-50-24, 5 CP) ..ttt e e e e e 163

+ Cohomology and Sheaves (MAT-55-61, 9 CP) ...ttt e 233
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o Combinatorics (MAT-75-02, 9 CP) ...ttt e e et e e e e 339
« Computer Algebra (MAT-45-03, O CP) ... ir it e e e e e 93
» Consistency Proofs (MAT-55-82, 6 CP) . ...t e e 235
o Control Theory (MAT-55-08, 9 CP) ...ttt e e e e 187
e Cox RINGS (MAT-45-18, 9 CP) ..ttt et e e e e e e 109
o Elastic CUrves (MAT-55-46, 3 CP) ...ttt e e et 223
+ Elliptic Curves and Cryptography (MAT-45-27, 9 CP) ... .t 121
+ Elliptic Curves and Taniyama-Shimura (MAT-45-28, 9 CP) ...ttt e 123
« Elliptic Functions and Elliptic Curves (MAT-45-24, 9 CP) ... .. i i e 117
o Ergodic Theory (MAT-55-05, 9 CP) ...ttt e e e e 185
+ Explicit Mathematics (MAT-55-85, 6 CP) .. ...ttt e e 239
+ Financial Mathematics and Numerics (MAT-70-51, 6 CP) ...ttt e 337
 Fully Non-Linear Elliptic Equations (MAT-55-27, 5 CP) ... it 211
 Fully Non-Linear Elliptic and Parabolic Partial Differential Equations (MAT-60-36,3CP) ...................... 273
o Game Theory (MAT-70-40, 8 CP) ..ttt e e e e et e e et e 336
+ Geometric Evolution Equations (MAT-60-01, 3 CP) ...t 245
+ Geometric Group Theory (MAT-50-30, 9 CP) ... ittt e 175
» Geometric Measure Theory (MAT-55-42, 9 CP) ...ttt e e 219
» Geometric Measure Theory — Flows (MAT-55-48, 5 CP) .. ..ot 227
» Geometric Measure Theory — Varifolds (MAT-55-47,5 CP) ...t e 225
+ Geometric Variation Problems (MAT-60-02, 3 CP) ... ...ttt e 247
+ Geometry of Manifolds 2 (MAT-50-11, 9 CP) ...ttt e e 141
o Graph Theory (MAT-75-10, 9 CP) .. i ittt e e e et 355
+ Gravitational Collapse and Singularities in General Relativity (MAT-60-30, 3CP) ........coiiiiiiiiiian.. 269
» Gromov-Witten Theory (MAT-50-40, 6 CP) ...t 177
» Groups and Representations (MAT-65-05, 9 CP) ...ttt e e e et 275
+ Hamiltonian Systems (MAT-65-38, 9 CP) . ... .ttt e 297
+ Harmonic Analysis in Euclidean Space (MAT-55-12, 9 CP) ... oot 197
+ Harmonic Analysis on Abelian Groups (MAT-55-13, 9 CP) ... . i e 199
+ Harmonic Analysis on General Groups (MAT-55-14, 9 CP) ... .ottt e 201
+ Information Geometry (MAT-50-12, 3 CP) ...ttt e 143
+ Information Geometry and Neural Data Processing 2 (MAT-50-13, 3 CP) ..ottt 145
¢ Information Theory (MAT-75-07, 9 CP) ... e e e 349
+ Information Theory, Pattern Recognition, and Neural Networks (MAT-75-22, 3CP) ..........coiiiiiiiiian.. 363
+ Integrable Systems (and Infinite Dimensional Lie Algebras) (MAT-50-18, 9 CP) ..........coiiiiiiiiiiiiia.. 155
* Interacting Many-Body Quantum Systems (MAT-65-40, 9 CP) ... .ottt 301
+ Introduction to Analytic Number Theory (MAT-45-26, 3 CP) ... .ottt 119

+ Introduction to Berkovich Geometry (MAT-45-20, 3 CP) . ...ttt 113
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« Introduction to Combinatorial Birational Geometry (MAT-45-40, 9 CP) ... ... ottt 129
+ Introduction to Combinatorial Mirror Symmetry (MAT-45-41, 6 CP) ... ...t 131
* Introduction to Harmonic Analysis (MAT-55-11, 9 CP) ... .o 195
+ Introduction to Integrable Systems (Classical Mechanics, Riemann Surfaces, and Spectral Theory) (MAT-50-17, 9

CP) e 153
+ Introduction to Modular Forms (MAT-45-29, 3 CP) ...ttt 125
+ Introduction to Riemann Surfaces (MAT-50-15,5 CP) ..o e 149
* Introduction to Stochastic Differential Equations - Part 1 (MAT-70-12, 5 CP) ... . oot 315
+ Introduction to Tropical Enumerative Geometry (MAT-50-05, 5 CP) ..ot 137
* Limits of Spaces (MAT-B0-05, B CP) . ...ttt ettt 253
+ Markov Chains and Applications (MAT-75-11, 9 CP) ... it 357
+ Mathematical Aspects of Deep Learning 1 (MAT-50-14, 3 CP) ... .ottt e 147
» Mathematical Aspects of Deep Learning 2 (MAT-50-19, 3 CP) ....ouiiiiiiiii e 157
» Mathematical Aspects of the Quantum Hall Effect (MAT-65-32, 6 CP) .......oiiiiii e 289
+ Mathematical Introduction to Data Science (MAT-70-34, 5 CP) . ...ttt 332
+ Mathematical Methods for Condensed Matter Physics (MAT-65-31, 6 CP) ......c.iiiiiiiiiiii i 287
» Mathematical Population Genetics (MAT-75-08, 6 CP) . ... oottt e e 351
» Mathematical Statistical Physics (MAT-65-14, 9 CP) ... ..ot e e e 281
» Matrix Analysis and Applications (MAT-65-37, 6 CP) ...ttt e 295
o Morse Theory (MAT-55-28, 3 CP) ...ttt e e 213
* Non-Commutative Ergodic Theory (MAT-55-09, 9 CP) ... . .ttt e 191
* Non-Linear Elliptic and Parabolic Partial Differential Equations (MAT-60-35,6 CP) ............c.ccovviinian.s. 271
» Non-Linear Functional Analysis (MAT-55-02, 9 CP) ... .ttt e 179
» Nonlinear Elliptic Partial Differential Equations in Minimal Surface Theory (MAT-55-24,9CP) ................ 207
* Null Geometry in General Relativity (MAT-60-08, 5 CP) . ... ouiiiiii e 259
* Numerical Optimisation (MAT-70-25, 5 CP) . ...ttt et 322
+ Numerics of Differential Equations of Surfaces (MAT-70-06, 6 CP) ...ttt 311
* Numerics of Stochastic Differential Equations (MAT-70-15, 3 CP) ... .ottt 317
» Operator Algebras (MAT-55-04, O CP) ... i e e 183
» Operator Algebras and their Applications to Statistical Mechanics (MAT-55-71,6 CP) ........................ 243
» Operator Theory (MAT-55-03, O CP) . ...ttt e 181
+ Optimal Control Theory with Ordinary Differential Equations (MAT-70-05,5CP) .......c.ciiiiiiiiiiiiininnn.. 309
o Optimal Transport (MAT-70-35, O CP) ..ot e e e et 334
» Optimisation with Differential Equations (MAT-70-22, 9 CP) ... . .ttt 320
» Ordinary Differential Equations - Analysis and Numerics (MAT-70-04, 9 CP) ... ... 307
+ Partial Differential Equations (MAT-55-22, 9 CP) ... ...ttt e 205
+ Partial Differential Equations in Conformal Geometry: the Yamabe Problem (MAT-55-26,3CP) .............. 209

» Percolation Theory (MAT-75-05, 3 CP) ...ttt 345
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* Point Processes (MAT-75-09, 6 CP) . ...ttt e e e 353
+ Probability Distances for Data Science (MAT-75-20, 6 CP) ... e 359
+ Propagation of Chaos (MAT-65-39, O CP) .. ...ttt e e e 299
+ Pseudo Differential Operators (MAT-55-10, 3 CP) ...ttt 193
* Quantum Information Theory (MAT-65-36, 9 CP) ... it e 293
+ Real Algebraic Geometry (MAT-45-19, 8 CP) . ...t e 111
» Representation Theory of Finite Groups (MAT-45-31, 6 CP) ... . it 127
+ Riemannian Geometry (MAT-50-16, 6 CP) .. ...ttt 151
o SL2(R) (MAT-55-52, 3 CP) ..ottt ittt ettt e et et et e e e e 229
+ Selected Chapters from Dynamical Systems Theory (MAT-55-32, 3 CP) ... ..ottt 215
+ Selected Chapters from Functional Analysis (MAT-55-70, 6 CP) ... ..ottt 241
» Selected Chapters from Operator Theory (MAT-55-15, 9 CP) ... oottt e 203
» Space-Like Hypersurfaces in Lorentzian Manifolds (MAT-60-04, 6 CP) .......coiiiiiiiii i 251
» Special Relativity (MAT-60-07, 3 CP) ..ot e e e e 257
+ Special Topics in Evolution Equations for Submanifolds (with Exercise Class) (MAT-60-10,6 CP) ............ 263
« Special Topics in Evolution Equations for Submanifolds (without Exercise Classes) (MAT-60-11,3 CP) ....... 265
» Spectral Theory of Positive Operators (MAT-55-08, 6 CP) . ...ttt 189
« Statistical Learning Theory for Nonparametric Regression 1 (MAT-70-31,9CP) .......c.coiiiiiiiiiiiininn... 326
» Statistical Learning Theory for Nonparametric Regression 2 (MAT-70-32, 9 CP) ... .ottt 328
« Stochastic Analysis (MAT-75-06, O CP) ... ... ittt et 347
+ Stochastic Differential Equations (MAT-70-11, 9 CP) ... ot e 313
+ Stochastic Optimal Control in Infinite Dimensions (MAT-70-16, 3 CP) ... ..ot 319
+ The Einstein Constraint Equations (MAT-60-09, 6 CP) . ......c.iuiii e 261
» The Positive Mass Theorem (MAT-60-12, 8 CP) ... .ottt e et 267
+ The Ricci Flow of Riemannian Metrics (MAT-60-06, 6 CP) . ......o.iiiiii e 255
+ Theoretical Aspects of Machine Learning (MAT-70-30, 6 CP) ...ttt 324
+ Theory and Numerics for Constrained Optimisation Problems (MAT-70-33, 9 CP) ...t 330
» Theory of Mathematical Proofs (MAT-55-64, 6 CP) ... it 237
+ Topological Vector Spaces and Distributions (MAT-50-27, 6 CP) ...ttt 169
o Toric Geometry (MAT-45-17, 0 CP) ..o e e e e 107
» Toric Varieties and Mori Dream Spaces (MAT-45-15, 9 CP) ... . it 103
« Tropical Enumerative Geometry (MAT-50-04, 9 CP) ...t e 135
 Tropical Enumerative Geometry - Part 2 (MAT-50-06, 5 CP) ..ot e 139
+ Tropical Geometry (MAT-50-03, 9 CP) ...ttt e e e 133
+ Uniformisation of Riemann Surfaces (MAT-50-28, 5 CP) . ...t e 171

+ Wave Equations of Relativistic Quantum Mechanics (MAT-65-33, 6 CP) ........cooiiiiiiii i 291
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Modules in the Specialisation Algebra and Geometry

The following modules belong to the specialisation Algebra and Geometry. Possible restrictions can be found in the module
description.

o Algebraic Curves (MAT-45-14, O CP) ...ttt e e 101
+ Algebraic Curves and Riemann Surfaces (MAT-50-29, 9 CP) ... ...ttt 173
+ Algebraic Geometry (MAT-45-11, 9 CP) ...ttt 95
+ Algebraic Geometry and Toric Varieties (MAT-45-12, 9 CP) ... .ot 97
+ Algebraic Groups (MAT-45-16, 9 CP) ...ttt e e et 105
+ Algebraic Number Theory (MAT-45-21, 9 CP) ...t e 115
+ Algebraic Topology 2 (MAT-50-22, 9 CP) ...ttt e e e e 159
+ Algebraic Topology 3 (MAT-50-23, 3 CP) ..ttt 161
+ Algebraic Transformation Groups (MAT-45-13, 9 CP) ...ttt 99
+ Applied Topology 2 (MAT-50-26, 3 CP) . ...ttt 167
+ Applied topology 1 (MAT-50-25, 3 CP) ...ttt et et 165
« Automorphic FOrms (MAT-55-53, 5 CP) ...t e 231
e Cohomology (MAT-50-24, 5 CP) ..ttt e ettt e e 163
+ Cohomology and Sheaves (MAT-55-61, 9 CP) ... ...ttt 233
o Combinatorics (MAT-75-02, 9 CP) ...ttt e e e et e e e e 339
« Computer Algebra (MAT-45-03, 9 CP) .. u i e e e e 93
+ Consistency Proofs (MAT-55-62, 6 CP) ... ...ttt e e e e et 235
e Cox RINGS (MAT-45-18, 9 CP) ..ttt et e e e e e e 109
+ Elliptic Curves and Cryptography (MAT-45-27, 9 CP) ...ttt e 121
+ Elliptic Curves and Taniyama-Shimura (MAT-45-28, 9 CP) ... e 123
+ Elliptic Functions and Elliptic Curves (MAT-45-24, 9 CP) ... . i e 117
» Explicit Mathematics (MAT-55-65, 8 CP) ... ...t e 239
» Geometric Group Theory (MAT-50-30, 9 CP) ...ttt 175
+ Geometry of Manifolds 2 (MAT-50-11, 9 CP) ... e 141
o Graph Theory (MAT-75-10, O CP) ..ot e e e e e 355
» Gromov-Witten Theory (MAT-50-40, 6 CP) . ...ttt 177
» Groups and Representations (MAT-65-05, 9 CP) ...t e 275
+ Information Geometry (MAT-50-12, 3 CP) ...t e 143
+ Information Geometry and Neural Data Processing 2 (MAT-50-13, 3CP) ... ..ot 145
* Integrable Systems (and Infinite Dimensional Lie Algebras) (MAT-50-18, 9 CP) .........c.coiiiiiiiiiiiiiian. 155
* Introduction to Analytic Number Theory (MAT-45-26, 3 CP) ...ttt 119
* Introduction to Berkovich Geometry (MAT-45-20, 3 CP) ... ..ot e 113
+ Introduction to Combinatorial Birational Geometry (MAT-45-40, 9 CP) ... ... i 129

* Introduction to Combinatorial Mirror Symmetry (MAT-45-41, 6 CP) ... ...t 131
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Introduction to Integrable Systems (Classical Mechanics, Riemann Surfaces, and Spectral Theory) (MAT-50-17, 9
P ) e 153
Introduction to Modular Forms (MAT-45-29, 3 CP) ..ot 125
Introduction to Riemann Surfaces (MAT-50-15, 5 CP) ...t 149
Introduction to Tropical Enumerative Geometry (MAT-50-05, 5 CP) ... .coiiiiiiii e 137
Mathematical Aspects of Deep Learning 1 (MAT-50-14, 3 CP) ... ..ottt 147
Mathematical Aspects of Deep Learning 2 (MAT-50-19, 3 CP) ...ttt 157
Morse Theory (MAT-55-28, 8 CP) ... e e et 213
Percolation Theory (MAT-75-05, 3 CP) ... ittt e 345
Real Algebraic Geometry (MAT-45-19, 6 CP) . ...ttt e 111
Representation Theory of Finite Groups (MAT-45-31, 6 CP) . ... oottt 127
Riemannian Geometry (MAT-50-16, 6 CP) . ... .t eaeans 151
SL2(R) (MAT-55-52, B CP) ..ttt et et e e 229
Theory of Mathematical Proofs (MAT-55-64, 6 CP) ...ttt e 237
Toric Geometry (MAT-45-17, 9 CP) ... e e e 107
Toric Varieties and Mori Dream Spaces (MAT-45-15, 9 CP) . ... it 103
Tropical Enumerative Geometry (MAT-50-04, 9 CP) ...t 135
Tropical Enumerative Geometry - Part 2 (MAT-50-06, 5 CP) . ..o e 139
Tropical Geometry (MAT-50-03, O CP) ...ttt e e 133
Uniformisation of Riemann Surfaces (MAT-50-28, 5 CP) ......iuiiiiii s 171

Modules in the Specialisation Analysis and Differential Geometry

The following modules belong to the specialisation Analysis and Differential Geometry. Possible restrictions can be found in
the module description.

Abstract Dynamical Systems (MAT-55-33, 9 CP) ...ttt e 217
Algebraic Curves (MAT-45-14, 9 CP) ... . e e 101
Algebraic Curves and Riemann Surfaces (MAT-50-29, 9 CP) ... ...ttt e 173
Algebraic Topology 2 (MAT-50-22, 9 CP) ...t e 159
Algebraic Topology 3 (MAT-50-23, 8 CP) ...ttt et 161
Applied Topology 2 (MAT-50-26, 3 CP) . ...ttt e e 167
Applied topology 1 (MAT-50-25, 3 CP) ..o e 165
Area Minimising FIOWS (MAT-55-43, 5 CP) ...t e e 221
Automorphic FOrms (MAT-55-53, 5 CP) ... u it e 231
Cohomology (MAT-50-24, 5 CP) ...ttt e e e ettt 163
Cohomology and Sheaves (MAT-55-61, 9 CP) ...t 233
Consistency Proofs (MAT-55-62, B8 CP) ... ...ttt e 235
Control Theory (MAT-55-06, O CP) ...ttt ettt 187
Elastic Curves (MAT-55-46, 3 CP) ... ittt e et 223
Elliptic Curves and Taniyama-Shimura (MAT-45-28, 9 CP) ... ...t 123
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o Ergodic Theory (MAT-55-05, O CP) ...ttt et e et e e e 185
+ Explicit Mathematics (MAT-55-85, 6 CP) .. ...t e e e 239
+ Fully Non-Linear Elliptic Equations (MAT-55-27, 5 CP) ... it e 211
+ Fully Non-Linear Elliptic and Parabolic Partial Differential Equations (MAT-60-36,3CP) ...................... 273
» Geometric Evolution Equations (MAT-60-01, 3 CP) ...t 245
« Geometric Group Theory (MAT-50-30, 9 CP) ... i e 175
» Geometric Measure Theory (MAT-55-42, O CP) .. ..ottt e e e et n 219
» Geometric Measure Theory — Flows (MAT-55-48, 5 CP) ... .ot 227
» Geometric Measure Theory — Varifolds (MAT-55-47, 5 CP) ...t e 225
» Geometric Variation Problems (MAT-60-02, 3 CP) . ...\ttt 247
» Geometry of Manifolds 2 (MAT-50-11, 9 CP) ... it et e 141
+ Gravitational Collapse and Singularities in General Relativity (MAT-60-30,3CP) ...........coiiiiiiiiin... 269
» Hamiltonian Systems (MAT-65-38, O CP) ... i e e 297
» Harmonic Analysis in Euclidean Space (MAT-55-12, 9 CP) ..ottt e 197
+ Harmonic Analysis on Abelian Groups (MAT-55-13, 9 CP) ...t 199
+ Harmonic Analysis on General Groups (MAT-55-14, 9 CP) ... ittt 201
+ Information Geometry (MAT-50-12, 3 CP) ...ttt e 143
+ Information Geometry and Neural Data Processing 2 (MAT-50-13, 3CP) ... ..ottt 145
+ Integrable Systems (and Infinite Dimensional Lie Algebras) (MAT-50-18, 9 CP) .........c.coiiiiiiiiiiiiiat. 155
* Interacting Many-Body Quantum Systems (MAT-65-40, 9 CP) ... .. ittt 301
+ Introduction to Analytic Number Theory (MAT-45-26, 3 CP) ... .ottt 119
+ Introduction to Berkovich Geometry (MAT-45-20, 3 CP) .. ...ttt 113
+ Introduction to Harmonic Analysis (MAT-55-11, 9 CP) ... it 195
+ Introduction to Integrable Systems (Classical Mechanics, Riemann Surfaces, and Spectral Theory) (MAT-50-17, 9

O e 153
+ Introduction to Riemann Surfaces (MAT-50-15,5 CP) ..ot e 149
+ Limits of Spaces (MAT-80-05, B CP) . ...ttt e ettt e 253
+ Mathematical Aspects of Deep Learning 1 (MAT-50-14, 3 CP) ... .o ittt e 147
» Mathematical Aspects of Deep Learning 2 (MAT-50-19, 3 CP) ...ttt e 157
» Mathematical Aspects of the Quantum Hall Effect (MAT-65-32, 6 CP) .......ooiniiii et 289
+ Mathematical Methods for Condensed Matter Physics (MAT-65-31, 6 CP) ... ..c.iiiiiiiiii i 287
» Mathematical Relativity (MAT-65-13, O CP) ... .ot et 279
» Matrix Analysis and Applications (MAT-65-37, 6 CP) ...ttt e 295
o Morse Theory (MAT-55-28, 3 CP) ... i e e e e e 213
» Non-Commutative Ergodic Theory (MAT-55-09, 9 CP) .. ... it e 191
+ Non-Linear Elliptic and Parabolic Partial Differential Equations (MAT-60-35, 6 CP) ............cccciviiinian... 271
+ Non-Linear Functional Analysis (MAT-55-02, 9 CP) .. ...ttt e 179

 Nonlinear Elliptic Partial Differential Equations in Minimal Surface Theory (MAT-55-24,9 CP) ................ 207
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Null Geometry in General Relativity (MAT-60-08, 5 CP) . ... it 259
Operator Algebras (MAT-55-04, O CP) ...ttt e e e e s 183
Operator Algebras and their Applications to Statistical Mechanics (MAT-55-71,6 CP) ...............ccooiat. 243
Operator Theory (MAT-55-03, O CP) ...ttt e e et 181
Optimal Control Theory with Ordinary Differential Equations (MAT-70-05,5CP) ........c..ciiiiiiiiiiinin.., 309
Optimal Transport (MAT-70-35, O CP) . ... i e e 334
Optimisation with Differential Equations (MAT-70-22, 9 CP) . ....ouiiiiii e 320
Ordinary Differential Equations - Analysis and Numerics (MAT-70-04, 9 CP) ... ..o 307
Partial Differential Equations (MAT-55-22, 9 CP) .. ...ttt e 205
Partial Differential Equations in Conformal Geometry: the Yamabe Problem (MAT-55-26, 3CP) .............. 209
Pseudo Differential Operators (MAT-55-10, 3 CP) ... e 193
Riemannian Geometry (MAT-50-16, B CP) ... ..ttt e 151
SL2(R) (MAT-55-52, B CP) ..ttt et 229
Selected Chapters from Dynamical Systems Theory (MAT-55-32, 3 CP) ......iiiiiiiiiii i 215
Selected Chapters from Functional Analysis (MAT-55-70, 6 CP) ..ot e 241
Selected Chapters from Operator Theory (MAT-55-15, 9 CP) . ...iiiiitii e 203
Special Relativity (MAT-60-07, 3 CP) ...t e e e et 257
Special Topics in Evolution Equations for Submanifolds (with Exercise Class) (MAT-60-10,6 CP) ............ 263
Special Topics in Evolution Equations for Submanifolds (without Exercise Classes) (MAT-60-11,3 CP) ....... 265
Spectral Theory of Positive Operators (MAT-55-08, 6 CP) ...ttt 189
The Einstein Constraint Equations (MAT-60-09, 6 CP) . .......iuiiii e 261
The Positive Mass Theorem (MAT-60-12, 8 CP) ... it e 267
The Ricci Flow of Riemannian Metrics (MAT-60-06, 6 CP) . ... .ot 255
Theory of Mathematical Proofs (MAT-55-64, 6 CP) ...t e 237
Topics in Mathematical Relativity (MAT-60-03, 3 CP) ..ottt e 249
Topological Vector Spaces and Distributions (MAT-50-27, 6 CP) ..ottt 169
Uniformisation of Riemann Surfaces (MAT-50-28, 5 CP) ... .ottt 171

Modules in the Specialisation Mathematical Physics

The following modules belong to the specialisation Mathematical Physics. Possible restrictions can be found in the module

description.
» Advanced Topics in Mathematical Quantum Theory (MAT-65-21, 9 CP) ... ...t 285
o Ergodic Theory (MAT-55-05, O CP) ...ttt e e ettt e e ettt 185
» Foundations of Quantum Mechanics (MAT-65-15, 9 CP) . ... .ot e 283
+ Fully Non-Linear Elliptic and Parabolic Partial Differential Equations (MAT-60-36, 3CP) ................c...... 273
+ Gravitational Collapse and Singularities in General Relativity (MAT-60-30, 3CP) ........coiiiiiiiiiiiian., 269
« Gromov-Witten Theory (MAT-50-40, B CP) ...t e e 177
» Groups and Representations (MAT-65-05, 9 CP) ...ttt 275
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+ Hamiltonian Systems (MAT-65-38, 9 CP) . ... .ttt 297
+ Interacting Many-Body Quantum Systems (MAT-65-40, 9 CP) ...ttt 301
+ Limits of Spaces (MAT-80-05, B CP) ... ...ttt e e e e e 253
+ Mathematical Aspects of the Quantum Hall Effect (MAT-65-32, 6 CP) ..ottt 289
+ Mathematical Methods for Condensed Matter Physics (MAT-65-31, 6 CP) ........coiiiiiiiiiiiiiiien 287
* Mathematical Quantum Theory (MAT-65-12, 9 CP) .. ... it e 277
» Mathematical Relativity (MAT-65-13, O CP) ... e 279
» Mathematical Statistical Physics (MAT-65-14, 9 CP) . ... it 281
» Matrix Analysis and Applications (MAT-85-37, 6 CP) ...ttt e 295
* Non-Commutative Ergodic Theory (MAT-55-09, 9 CP) . ... o it e 191
» Non-Linear Elliptic and Parabolic Partial Differential Equations (MAT-60-35, 6 CP) ............ccccivuiinian... 271
* Nonlinear Elliptic Partial Differential Equations in Minimal Surface Theory (MAT-55-24,9 CP) ................ 207
* Null Geometry in General Relativity (MAT-60-08, 5 CP) . ....ouiiiii e 259
» Operator Algebras (MAT-55-04, 9 CP) ... e e 183
» Operator Algebras and their Applications to Statistical Mechanics (MAT-55-71,6 CP) ........................ 243
o Operator Theory (MAT-55-08, 9 CP) ... e e et 181
+ Partial Differential Equations (MAT-55-22, 9 CP) ... ...ttt 205
+ Partial Differential Equations in Conformal Geometry: the Yamabe Problem (MAT-55-26,3CP) .............. 209
» Percolation Theory (MAT-75-05, 83 CP) ...t e e et 345
+ Propagation of Chaos (MAT-65-39, O CP) ...ttt et 299
* Quantum Information Theory (MAT-685-36, 9 CP) ... ...ttt 293
+ Riemannian Geometry (MAT-50-16, 6 CP) .. ...ttt e e 151
+ Selected Chapters from Functional Analysis (MAT-55-70, 6 CP) ... ...t 241
+ Selected Chapters from Operator Theory (MAT-55-15, 9 CP) ... .ot 203
» Space-Like Hypersurfaces in Lorentzian Manifolds (MAT-60-04, 6 CP) ........coiiiiii i iiiiiiiiaeaanns 251
» Special Relativity (MAT-60-07, 8 CP) .. .o e 257
+ Special Topics in Evolution Equations for Submanifolds (with Exercise Class) (MAT-60-10,6 CP) ............ 263
» Special Topics in Evolution Equations for Submanifolds (without Exercise Classes) (MAT-60-11,3 CP) ....... 265
 Spectral Theory of Positive Operators (MAT-55-08, 6 CP) . ........iiiiitii e n 189
» The Einstein Constraint Equations (MAT-60-09, 8 CP) . ..ot e 261
+ The Ricci Flow of Riemannian Metrics (MAT-60-06, 6 CP) . ........oiiuiiii e 255
+ Topological Vector Spaces and Distributions (MAT-50-27, 6 CP) ...ttt 169

+ Wave Equations of Relativistic Quantum Mechanics (MAT-65-33, 6 CP) ........c.iiriiiiii i 291
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Modules in the Specialisation Numerial Mathematics and Optimisation

The following modules belong to the specialisation Numerial Mathematics and Optimisation. Possible restrictions can be
found in the module description.

Bayesian Networks and Causality (MAT-75-21, 5 CP) . ...ttt 361
Financial Mathematics and Numerics (MAT-70-51, 6 CP) ... .o it 337
Game Theory (MAT-70-40, 3 CP) ...ttt e e e e e e 336
Geometric Evolution Equations (MAT-60-01, 3 CP) ..ottt e 245
Hamiltonian Systems (MAT-65-38, 9 CP) ...ttt e 297
Information Theory, Pattern Recognition, and Neural Networks (MAT-75-22,3CP) ..........coiiiiiiiiniann. 363
Integrable Systems (and Infinite Dimensional Lie Algebras) (MAT-50-18,9 CP) .........coiiiiiiiiiiinen... 155

Introduction to Integrable Systems (Classical Mechanics, Riemann Surfaces, and Spectral Theory) (MAT-50-17, 9

CP) e 153
Introduction to Stochastic Differential Equations - Part 1 (MAT-70-12,5CP) ... ..o 315
Mathematical Introduction to Data Science (MAT-70-34, 5 CP) . ...ttt 332
Numerical Optimisation (MAT-70-25, 5 CP) ... .ttt e e 322
Numerics of Differential Equations of Surfaces (MAT-70-06, 6 CP) ... ...t 311
Numerics of Instationary Differential Equations (MAT-70-03, 9 CP) .......iiuiiiiiii i 305
Numerics of Stationary Differential Equations (MAT-70-02, 9 CP) ... .ttt 303
Numerics of Stochastic Differential Equations (MAT-70-15, 3 CP) ...ttt e 317
Optimal Control Theory with Ordinary Differential Equations (MAT-70-05, 5CP) .........cciiiiiiiiiiinin... 309
Optimal Transport (MAT-70-35, 9 CP) .. e e e 334
Optimisation with Differential Equations (MAT-70-22, 9 CP) . ...t 320
Ordinary Differential Equations - Analysis and Numerics (MAT-70-04,9 CP) ... ..ot 307
Partial Differential Equations (MAT-55-22, 9 CP) .. ...ttt e e 205
Probability Distances for Data Science (MAT-75-20, 6 CP) . .....ouiuinii e 359
Statistical Learning Theory for Nonparametric Regression 1 (MAT-70-31,9CP) ........cooiiiiiiiiiiiiinan.. 326
Statistical Learning Theory for Nonparametric Regression 2 (MAT-70-32, 9 CP) ..........coiiiiiiiiiinin... 328
Stochastic Differential Equations (MAT-70-11,9 CP) ...t e 313
Stochastic Optimal Control in Infinite Dimensions (MAT-70-16, 3CP) . ..ot 319
Theoretical Aspects of Machine Learning (MAT-70-30, 6 CP) .....ooiniii e 324

Theory and Numerics for Constrained Optimisation Problems (MAT-70-33,9CP) ..... ..o, 330
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Modules in the Specialisation Stochastics

The following modules belong to the specialisation Stochastics. Possible restrictions can be found in the module description.

Applied Topology 2 (MAT-50-26, 3 CP) ...t e e 167
Applied topology 1 (MAT-50-25, 3 CP) ..t e e 165
Bayesian Networks and Causality (MAT-75-21, 5 CP) .. ... iuiii e 361
Combinatorics (MAT-75-02, O CP) ... e e e e e e e e e 339
Financial Mathematics and Numerics (MAT-70-51, 6 CP) ... .. i i 337
Graph Theory (MAT-75-10, O CP) ..ttt e e e e e 355
Information Geometry (MAT-50-12, 3 CP) ...ttt e 143
Information Geometry and Neural Data Processing 2 (MAT-50-13,3 CP) ... ..ot 145
Information Theory (MAT-75-07, 9 CP) ...ttt 349
Information Theory, Pattern Recognition, and Neural Networks (MAT-75-22, 3CP) ...t 363
Introduction to Stochastic Differential Equations - Part 1 (MAT-70-12,5CP) ... ..., 315
Markov Chains and Applications (MAT-75-11, 9 CP) ... .ot e 357
Mathematical Aspects of Deep Learning 1 (MAT-50-14, 3 CP) ...ttt 147
Mathematical Aspects of Deep Learning 2 (MAT-50-19, 3 CP) ..ottt 157
Mathematical Introduction to Data Science (MAT-70-34, 5 CP) ..ot 332
Mathematical Population Genetics (MAT-75-08, 6 CP) ... .ottt e 351
Mathematical Statistical Physics (MAT-65-14, 9 CP) ... .ottt e 281
Mathematical Statistics (MAT-75-03, O CP) ...ttt 341
Numerics of Stochastic Differential Equations (MAT-70-15, 3 CP) ...ttt e 317
Operator Algebras and their Applications to Statistical Mechanics (MAT-55-71,6 CP) ............c.coiiit. 243
Optimal Transport (MAT-70-35, 9 CP) ..t 334
Percolation Theory (MAT-75-05, 3 CP) ... ittt 345
Point Processes (MAT-75-09, 6 CP) ... ...t e e 353
Probability Distances for Data Science (MAT-75-20, 6 CP) . .....ouiuiii e 359
Propagation of Chaos (MAT-685-39, O CP) ... e 299
Statistical Learning Theory for Nonparametric Regression 1 (MAT-70-31,9CP) ........cooiiiiiiiiiiiiinan.. 326
Statistical Learning Theory for Nonparametric Regression 2 (MAT-70-32, 9 CP) ............coiiiiiiiiiiinn.. 328
Stochastic Analysis (MAT-75-00, O CP) ... ...ttt e e 347
Stochastic Differential Equations (MAT-70-11,9 CP) ...t 313
Stochastic Optimal Control in Infinite Dimensions (MAT-70-16, 3CP) ...t 319
Stochastic Processes (MAT-75-04, O CP) ... i e 343
Theoretical Aspects of Machine Learning (MAT-70-30, 6 CP) ... .o 324
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Modul descriptions (Specialisation modules)

Module Number: Module Title: Type of Module:
MAT-45-03 Computer Algebra Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German or English

Instruction

Forms of Teaching Lecture 4 SWS + Ex.cl. 2 SWS
and Learning

Content + Canonical forms and standard bases for ideals and modules.
« Computation of important operations for ideals and modules.
» Syzygies, free resolutions and the proof of the Buchberger criterion.

+ Calculation of the primary decomposition of ideals.

Hilbert functions.

Objectives Students are familiar with important problems in the interplay of commutative algebra and
algebraic geometry as well as algorithmic approaches to solving them. In particular, they are
familiar with the theory of standard bases and their diverse applications. They are also familiar
with important software packages in the field of symbolic computing and have implemented
algorithms in these. The students are capable of naming and proving the essential results of
the lecture as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
They also learnt about important software packages in the field of symbolic computing and
have implemented algorithms in them themselves
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :
» Gert-Martin Greuel, Gerhard Pfister: A SINGULAR Introduction to Commutative Algebra.
Springer 2008.
» Wolfram Decker, Christoph Lossen: Computing in algebraic geometry. A quick start
using SINGULAR. Springer 2006.
» Wolfram Decker, Gerhard Pfister: A first Course in computational algebraic geometry.
Cambridge University Press 2013.
» David A. Cox, John B. Little, Donal O’Shea: Ideals, varieties, and algorithms. Springer
2008.
Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account

the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites

Knowledge from the modules Commutative Algebra and Algebraic Geometry are helpful
however not absolutely necessary for participation in the module Computer Algebra

Responsible
Persons

Hannah Markwig, Thomas Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, |IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title: Type of Module:

MAT-45-11 Algebraic Geometry Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly in Summer Semester

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

* Prevarieties and varieties.

» Projektive varieties and homogeneous spectrum.
+ Finite and proper morphisms.

+ Blow-up and Grassmannians.

+ Rational maps.

+ Divisors and line bundles, class group and Picard group.

Objectives

The students learn central terms, results and methods of modern Algebraic Geometry and
they develop a deeper understanding of the interconnections between Geometry and Algebra.
The students are capable of naming and proving the essential results of the lecture as well as
assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :
» Robin Hartshorne: Algebraic geometry. Springer 2006.
+ Klaus Hulek: Elementare algebraische Geometrie. Vieweg 2012.
+ Ernst Kunz: Einfihrung in die algebraische Geometrie. Vieweg 1997.
» David Mumford: The red book of varieties and schemes. Springer 1999.
» Miles Reid: Undergraduate algebraic geometry. Cambridge University Press 1988.

« Igor R. Shafarevich: Basic algebraic geometry. Springer 1994.

Transfer

The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

The module cannot be taken together with the module "Algebraic Geometry and Toric Varieties’
due to the large overlap in content.

Prerequisites

Essential knowledge from the module Commutative Algebra is assumed.

Responsible
Persons

Victor Batyrev, Hannah Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, IC=inverted classroom

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week




Module Handbook for the Study Programme M.Sc. Mathematik

97

Module Number:

Module Title:

Type of Module:

MAT-45-12 Algebraic Geometry and Toric Varieties Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency regularly in Summer Semester

Term 1-3

Language of German

Instruction

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

+ Projective space.

» Prevarieties, morphisms, tangent space and singularities.

» Products and separation.

+ Projective varieties and Grassmannians.

« Divisors and line bundles, class group and Picard group.

 Toric varieties.

Objectives

Students learn the central concepts, results and methods of modern Algebraic Geometry and
they develop an advanced understanding of the relationships between Geometry and Algebra.
Using the example of the class of toric varieties, they also learn how methods of Convex
Geometry can facilitate the investigation of an important example class of Algebraic varieties,
and expand the interplay of Algebra and Geometry by a further component. The students are
capable of naming and proving the essential results of the lecture as well as assessing and

explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :

» David A. Cox, John B. Little, Henry K. Schenck: Toric varieties. American Mathematical
Society 2011:

» Robin Hartshorne: Algebraic geometry. Springer 2006.

+ Klaus Hulek: Elementare algebraische Geometrie. Vieweg 2012.

» Ernst Kunz: Einfihrung in die algebraische Geometrie. Vieweg 1997.

+ David Mumford: The red book of varieties and schemes. Springer 1999.

» Miles Reid: Undergraduate algebraic geometry. Cambridge University Press 1988.

« Igor R. Shafarevich: Basic algebraic geometry. Springer 1994.

Transfer

The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

The module cannot be taken together with the module 'Algebraic Geometry’ due to the large
overlap in content.

Prerequisites

Essential knowledge from the module Introduction to Commutative Algebra and Algebraic
Geometry is assumed.

Responsible
Persons

Jirgen Hausen

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, |IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o0.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:
MAT-45-13 Algebraic Transformation Groups Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German or English

Instruction

Forms of Teaching Lecture 4 SWS + Ex.cl. 2 SWS
and Learning

Content » Operations of algebraic groups on algebraic varieties, homogeneous spaces.

» Elements of the structure theory of affine-algebraic groups and their Lie algebras.

+ Elements of the representation theory of affine-algebraic groups and their Lie algebras.
* Quotients in algebraic geometry.

« Classical invariant theory: Hilbert’s finiteness theorem, calculation of invariants.

» Geometrical invariant theory: Mumford’s construction of quotients, variation of quotients.

+ Additionally certain aspects of topics from the following list are covered:
— Toric varieties;
— Spheric varieties.

Objectives The students learn basic methods for mathematical work with symmetries on geometric
structures. At the same time, they experience the interaction of different algebraic concepts,
for example from group and ring theory, in algebraic geometry. The students are capable of
naming and proving the essential results of the lecture as well as assessing and explaining the
presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :
» Armand Borel: Linear algebraic groups. Springer 1991.
» Jean A. Dieudonne, James B. Carrell: Invariant theory. Academic Press 1971.

+ David Mumford: Geometric invariant theory. Springer 1965.

Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

The module cannot be taken together with the module ’Algebraic Groups’ due to the large
overlap in content.

Prerequisites Knowledge of the Commutative Algebra and Algebraic Geometry modules is helpful, but not a
prerequisite for participation in the Algebraic Transformation Groups module.

Responsible Victor Batyrev, Jiirgen Hausen
Persons

Abbreviations:
Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, IC=inverted classroom

Status : o=0bligatory, f=facultative
Other : h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title:

Type of Module:

MAT-45-14 Algebraic Curves Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

+ Projective curves, divisors, Theorem of Riemann-Roch.

» Ramified coverings, Theorem of Hurwitz.

* Linear systems, embeddings, Castelnuovo inequality.

+ Singularities of plane curves, Puiseux expansions.

« Classification and moduli spaces, Jacobi variety.

Objectives

Students have familiarised themselves with the central concepts, results and methods in a
selected sub-area of algebraic geometry. familiarised themselves with it. They have developed
an in-depth understanding of algebraic curves and their classification. The students are capable
of nhaming and proving the essential results of the lecture as well as assessing and explaining

the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

» Robin Hartshorne: Algebraic geometry. Springer 2006.

+ Gerd Fischer: Ebene algebraische Kurven. Vieweg 1994.

* Rick Miranda: Algebraic Curves and Riemann Surfaces. AMS 1995.
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Transfer The module belongs to the Study Specialisation Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites Essential knowledge from the module Commutative Algebra as well as basic knowledge from
Algebraic Geometry and Complex Analysis is required.

Responsible Victor Batyrev, Hannah Markwig
Persons

Abbreviations:
Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, IC=inverted classroom

Status : o=obligatory, f=facultative
Other : h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title:

Type of Module:

Instruction

MAT-45-15 Toric Varieties and Mori Dream Spaces Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

In the lecture Mori Dream Spaces are considered as generalisations of toric varieties:
» Geometry and combinatorial theory for toric varieties and Mori Dream Spaces.
+ Divisors on toric varieties and Mori Dream Spaces.

* Quotient representation and Cox ring for toric varieties and Mori Dream Spaces.

+ Sheaves of divisorial algebras.

+ Cox sheaves and characteristic space.

» Quotients of H-factorial affine varieties.

+ Shaded rings.

+ Varieties with torus operations.

Objectives

Students have deepened their knowledge and understanding of the central concepts, results
and methods of modern algebraic geometry in its interplay between geometry and algebra.
With the class of Mori dream spaces, they have become familiar with a generalisation of toric
varieties and their investigation using methods of convex geometry. In doing so, they have
added another important methodological component to the interplay between algebra and
geometry. The students are capable of naming and proving the essential results of the lecture

as well as assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)

=5
© E 3
@ e ©
5 x 5] g O]
o o > < [
(&) = w w o o
= [0} = — b=
s 2lol2l2 | 5 S |5
, 2 |20 |2 o 5 g o
Title E|h | |o|o == A G =
Toric Varieties and Mori L|f|4]|6 os Wr. 0. 90-180 100
Dream Spaces Elil2ls y or. 0. 20-30 9

In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :

* lvan Arzhantsev, Ulrich Derenthal, Jirgen Hausen, and Antonio Laface. Cox rings.
Cambridge University Press 2014.

* Yi Hu, Sean Keel. Mori dream spaces and GIT. Michigan Math. J. 48: 331-348, 2000.

Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites Essential knowledge from the modules Introduction to Commutative Algebra and Algebraic
Geometry as well as Algebraic Geometry and Toric Varieties is assumed.

Responsible Jirgen Hausen
Persons

Abbreviations:
Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, IC=inverted classroom

Status : o=obligatory, f=facultative
Other : h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:

MAT-45-16 Algebraic Groups Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

+ Definition and examples of algebraic groups.

» Hopf algebras.

» Operations of algebraic groups on varieties.

+ Linearisation of algebraic groups.

» Group closure.

» Resolvable and nilpotent groups.

» The Lie algebra of an algebraic group.

» Examples of Lie algebras.

» Convolutions and commutators.

+ The adjoint representation and its differential.

» The Jordan decomposition in affine algebraic groups.

» Characters of an algebraic group.

» Semi-invariants of a rational representation.

» Existence and construction of quotients with applications.

+ Diagonalisable groups and tori.

* Rigidity of diagonalisable groups.

* Theorem of Lie-Kolchin.

« Structure of affine resolvable groups.

 Centralisers of semisimple elements of algebraic groups.

» Borel subgroups and root systems.

« Structure and classification of semisimple algebraic groups.
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Objectives

Students have learnt about a large class of important groups and algebraic varieties that play
an essential role in many mathematical fields. They have learnt how methods of group theory
and algebraic geometry complement each other and can lead to a deeper understanding. They
have learnt about the approach to classifying mathematical objects using an important example
class and have acquired knowledge of methods that also play a key role in classification in
completely different mathematical areas. The students are capable of naming and proving the
essential results of the lecture as well as assessing and explaining the presented connections.
In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :
« James E. Humphreys: Linear Algebraic Groups. Springer 1975. 21, Springer-Verlag
1981.
» Armand Borel: Linear algebraic groups. Springer 1991.
Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account

the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

The module cannot be taken together with the module *Algebraic Transformation Groups’ due
to the large overlap in content.

Prerequisites

Knowledge of the modules Commutative Algebra and Algebraic Geometry are helpful, but not
a prerequisite for participation in the Algebraic Groups module.

Responsible
Persons

Victor Batyrev, Juirgen Hausen

Abbreviations:
Grading System

Teaching Format

Status
Other

: g=graded, ng=not graded
Examination Type :
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, |IC=inverted classroom
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Module Number:

Module Title:

Type of Module:

MAT-45-17 Toric Geometry Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content + Lattice and algebraic tori.

» Monoids, monoidal algebras.

+ Affine toric varieties, normality.

+ Fundamentals of convex geometry cones, polytopes, fans.

« Affine, complete and projective toric varieties.

+ Orbital layout of a toric variety.

+ Smoothness and singular points.

« Singularity resolution.

+ Divisor class group and Picard group.

* Intersection sheaves and homogeneous coordinates.
Objectives Students have deepened their knowledge and understanding of the central concepts, results

and methods of modern algebraic geometry in its interplay between geometry and algebra and
combinatorics. With the class of toric varieties and their investigation, they have learnt a way of
combining algebraic geometry with methods of combinatorics. In doing so, they have added
another important methodological component to the interplay between algebra and geometry.
The students are capable of naming and proving the essential results of the lecture as well as

assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :
» David Cox, John Little, Hal Schenk: Toric varieties. AMS 2011.

« William Fulton: Introduction to toric varieties. PUP 1993.

Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites Knowledge of commutative algebra and algebraic geometry algebraic geometry to the extent of
the module Introduction to Commutative Algebra and Algebraic Geometry is assumed.

Responsible Jirgen Hausen, Hannah Markwig
Persons

Abbreviations:
Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, IC=inverted classroom

Status : o=obligatory, f=facultative
Other : h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Instruction

Module Number: Module Title: Type of Module:

MAT-45-18 Cox Rings Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

+ Divisorial algebras.
+ Cox rings.
» Charakteristic spaces.

» Good quotients.

» Geometric invariant theory.

+ Gale-duality.

+ Connections to toric geometry.

+ Defining data for varieties with finitely generated Cox ring.
+ Singularities.

+ Picard group.

+ Basis locus.

» Ampleness.

+ Kanonical class.

* Intrinsic quadrics.

» k*-surfaces.

 Varieties with torus action.

Objectives

Students have deepened their knowledge and understanding of the central concepts, results
and methods of modern algebraic geometry in its interplay between geometry and algebra
and combinatorics. They have familiarised themselves with the Cox ring as an algebraic
object for investigating special classes of geometric spaces. In doing so, they expand the
interplay between algebra and geometry with another important methodological component.
The students are capable of naming and proving the essential results of the lecture as well as
assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :
 lvan Arzhantsev, Ulrich Derenthal, Jiirgen Hausen, Antonio Laface: Cox Rings. CUP
2014.
Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account

the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites

Knowledge of commutative algebra and algebraic geometry to the extent of the module Intro-
duction to commutative algebra and algebraic geometry is assumed.

Responsible
Persons

Jirgen Hausen

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

T=revision course, P=project, S=seminar, |IC=inverted classroom

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title: Type of Module:

MAT-45-19 Real Algebraic Geometry Compulsory Module with Choice
ECTS-Points 6

Workload Workload: Time in Class: Self-Study:
- Time in Class 180 h 60 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of English

Instruction

Forms of Teaching Lecture 3 SWS

and Learning

Content This course aims to dive into different aspects of the study of the topology of real algebraic
varieties. This involves questions related to the 16th Hilbert problem: we look at obstructions
of topological types for real algebraic varieties and at the realisation of topological types via
different construction techniques, with special emphasis to low dimensional cases.

Objectives Students learn about some fundamental differences in algebraic geometry over the complex

and real numbers. They are familiar with the application of topological and algebraic methods
to the study of real algebraic varieties. They have learnt how modern methods can be used to
investigate and answer unsolved scientific questions of the late 19th century. The students are
capable of naming and proving the essential results of the lecture as well as assessing and
explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

=
® E S
Requirements 7] = e (%’
for obtaining 3 < ) S et
Credits / Grading o = w ) o |
q . . o o s [ =
applicable) 222|815 |¢g c E:
Title 5|5 (0|8 | & a 5 |2
) L|f 4, . 0. -
Real Algebraic Geometry 8 |45 yes wr. 0 90-180 g 100
. or. 0. 20-30
u fl11]15
In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

* Frederice Mangolte: Real Algebraic Varieties. Springer 2020.
» Robert Silhol: Real Algebraic Surfaces. Springer 1989.

+ Riccardo Benedetti, Jean-Jacques Risler: Real Algebraic and Semi-algebraic Sets.
Editions Herrmann 1990.

+ Alex Degtyarev, Viatcheslav Kharlamov: Topological properties of real algebraic varieties:
du c6té de chez Rokhlin. arXiv:math/0004134.
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Transfer

The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites

Basic knowledge in algebraic geometry or algebraic topology is helpful, but not mandatory.

Responsible
Persons

Hannah Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number:

Module Title: Type of Module:

MAT-45-20 Introduction to Berkovich Geometry Compulsory Module with Choice
ECTS-Points 3

Workload Workload: Time in Class: Self-Study:

- Time in Class 180 h 60 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of English

Instruction

Forms of Teaching
and Learning

Lecture 2 SWS

Content

+ Non-Archimedean fields, valuations, and absolute value functions.
+ Ultrametric triangle inequality and induced topology.

+ Affinoid domains.

+ Berkovich affine and projective line.

 Analytification of algebraic varieties.

Objectives

The students have become familiar with the most important examples of non-Archimedean
fields and their induced topology. They have gained an understanding of the fundamental
challenges in developing a theory of analytic geometry over these fields and have studied
Berkovich’s approach to addressing these issues. The students have examined the projective
line in Berkovich’s framework in detail, both set-theoretically and topologically. In doing so,
they have encountered a type of geometric space fundamentally different from other examples
encountered in their studies (such as vector spaces, varieties, or manifolds). They are also
familiar with the connections to algebraic geometry through the analytification functor. The
students are capable of naming and proving the essential results of the lecture as well as
assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
to new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if applicable to argue for it in a critical
discourse.
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Whether the examination is written or oral is decided by the instructor with approval by the head
of the examination board.
Literature Possible References :

» Annette Werner: Nichtarchimedische Geometrie. Vorlesungsskript.
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Transfer

The module belongs to the Study Specialisations Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

Basic knowledge of topological concepts is assumed.

Responsible
Persons

Hannah Markwig

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number:

Module Title:

Type of Module:

Instruction

MAT-45-21 Algebraic Number Theory Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

* Rings of integers.

 Class numbers.

 Dirichlet’s unit theorem.

+ Extension of Dedekind rings.

+ Valuation theory.
* Local fields.

» Adeles and ideles.

Objectives

The students have learned the central terms, results and methods of algebraic number theory.
The students are capable of naming and proving the essential results of the lecture as well as

assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

« Jirgen Neukirch: Algebraische Zahlentheorie. Springer 2007.

+ Alexander Schmidt: Einflihrung in die algebraische Zahlentheorie. Springer 2007.

» Andre Weil: Basic number theory. Springer 1995.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :
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Transfer

The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites

There are no further prerequisites.

Responsible
Persons

Victor Batyrev, Anton Deitmar, Jirgen Hausen

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number: Module Title: Type of Module:

MAT-45-24 Elliptic Functions and Elliptic Curves Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

« Elliptic functions, Weierstrass-P-function, Riemann surfaces, complex tori.
+ Plane projective curves, Theorem of Bezout, elliptic curves.

+ Curves over finite fields, rational points.

+ Applications in cryptography.

+ Additionally a selection of the following:
— Modular forms;
— Classification of elliptic curves;
— Moduli spaces.

Objectives

The students have expanded their competence in mathematical-interdisciplinary studies. They
have learnt about elliptic curves as a class of mathematical objects, which has comprehensive
relevance in a wide spectrum of mathematical areas. The students have studied the notions,
methods and results from the disciplines Complex Calculus, Algebraic Geometry, Number
Theory, Topology and Cryptography, which are relevant in the given context, and they under-
stand their mutual interrelations. The students are capable of naming and proving the essential
results of the lecture as well as assessing and explaining the presented connections. In the
exercise classes they have acquired a confident, precise and independent handling of the terms,
statements and methods of the lecture. They have learned to transfer the methods to new
problems, to analyse them and to work on solution strategies on their own or in a team. They
are capable of presenting their results and if applicable to argue for it in a critical discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :
» Wolfgang Fischer, Ingo Lieb: Funktionentheorie. Vieweg 2005.
+ Gerd Fischer: Ebene algebraische Kurven. Vieweg 1994.
+ Joseph H. Silverman: The arithmetic of elliptic curves. Springer 2009.

+ lan Blake, Gadiel Seroussi, Nigel Smart: Elliptic curves in cryptography. CUP 1999.

Transfer

The module belongs to the Study Specialisations Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

Knowledge from the lecutre Introduction to Complex Analysis is needed.

Responsible
Persons

Jorg Zintl

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded

: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=0bligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, |IC=inverted classroom
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Module Number:

Module Title: Type of Module:

MAT-45-26 Introduction to Analytic Number Theory Compulsory Module with Choice
ECTS-Points 3

Workload Workload: Time in Class: Self-Study:

- Time in Class 90 h 30 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 2 SWS

Content + Arithmetic functions and Dirichlet series,

» Prime number theorem and Dirichlet’s prime number theorem,

» Zeros of the Riemannian zeta function, Riemann hypothesis and the explicit formula.
Objectives The students understand the interplay between analysis and number theory. They can apply

analytical methods to number theoretic problems. They understand the mechanism of analytical
continuation through integral representation and have learned to independently transfer it to
other cases, such as automorphic L-functions. They have gained an understanding of the
Riemann hypothesis, which is considered the most difficult problem of all math, and understand
its depth. They are able to name and prove the essential statements and concepts from the
lecture as well as to explain the context developed in the lecture and to put it into a larger
framework. They are able to describe and critically challenge the current state of research in
the specific area.
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Whether the examination is written or oral is decided by the instructor with approval by the head
of the examination board.
Literature Possible References :
» Komaravolu Chandrasekharan: Introduction to Analytic Number Theory. Springer 1968.
Transfer The module belongs to the Study Specialisations Algebra and Geometry and Analysis and

Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites

There are no further prerequisites

Responsible
Persons

Anton Deitmar
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Abbreviations:
Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, IC=inverted classroom

Status : o=obligatory, f=facultative
Other : h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:
MAT-45-27 Elliptic Curves and Cryptography Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German or English

Instruction

Forms of Teaching Lecture 4 SWS + Ex.cl. 2 SWS
and Learning

Content + Basic concepts of cryptography.

» Symmetric cryptosystems, public key systems, discrete logarithm, RSA.
+ Factorisation into primes, attacks on cryptosystems.

+ Basic concepts of plane projective geometry.

« Elliptic curves as Abelian groups.

+ Curves over finite fields, Frobenius morphism, endomorphism ring.

» Counting points, Hasse bound, Weil conjectures, Schoof’s algorithm.

 Cryptosystems on elliptic curves, algorithms and attacks.

Objectives Students are familiar with the basic tasks and concepts of cryptography. They understand
the cryptographically motivated questions relating to elliptic curves and have an insight into
the advanced algebraic and geometric techniques for answering them. They understand
the challenges of algorithmic implementation and are familiar with standard algorithms. The
students are capable of naming and proving the essential results of the lecture as well as
assessing and explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
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Literature

Possible References :

+ Albrecht Beutelspacher, Joérg Schwenk, Klaus-Dieter Wolfenstetter: Moderne Verfahren
in der Kryptographie. Springer 2015.

» Joseph H. Silverman: The arithmetic of elliptic curves. Springer 2009.

+ lan Blake, Gadiel Seroussi, Nigel Smart: Elliptic curves in cryptography. CUP 1999.

Transfer

The module belongs to the Study Specialisations Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

The module cannot be taken together with the modules 'Number Theory and Cryptography’
due to the large overlap in content

Prerequisites

There are no further requirements.

Responsible
Persons

Jérg Zintl

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, IC=inverted classroom
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Module Number: Module Title: Type of Module:
MAT-45-28 Elliptic Curves and Taniyama-Shimura Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German or English

Instruction

Forms of Teaching Lecture 4 SWS + Ex.cl. 2 SWS
and Learning

Content A selection of the following topics will be covered:
 Group-law, arithmetic of elliptic curves.

* Modular curves and forms.

+ Riemann surfaces, abelian differentials, Jacobian.

» Geometric version of Taniyama-Shimura-conjecture (i.e. Wiles’ modularity theorem)
explained.

» Connection to Fermat’s last theorem.

» L-series.

Objectives The students have learnt and understood the interplay of methods of algebra, number theory
and geometry to answer profound mathematical questions using the example of the conjecture
of Taniyama-Shimura and its application to the proof of Fermat’s theorem. The students are
capable of naming and proving the essential results of the lecture as well as assessing and
explaining the presented connections. Students will be able to reflect and critically analyse the
current state of research in the subject area.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :

+ Joseph H. Silverman: The Arithmetic of Elliptic Curves. Springer 2009.
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Transfer The module belongs to the Study Specialisations Algebra and Geometry and Analysis and
Differential Geometry. Taking into account the chosen personal Study Specialisation, it can
be included in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective
Specialisation, in accordance with the restrictive requirements of the respective section.

Prerequisites Knowledge from the modules Introduction to Riemann surfaces and Algebraic number theory
are assumed.

Responsible Ivo Radloff
Persons

Abbreviations:
Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, IC=inverted classroom

Status : o=obligatory, f=facultative
Other : h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title: Type of Module:

MAT-45-29 Introduction to Modular Forms Compulsory Module with Choice
ECTS-Points 3

Workload Workload: Time in Class: Self-Study:

- Time in Class 90 h 30 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 2 SWS

Content

The study of modular forms traces back its roots to the late 19th and early 20th century with
Gauss, Eisenstein and Ramanujan, and is a fascinating blend of analysis and algebra. They
have many surprising applications to number theory, including a beautiful proof of Lagrange’s
four square theorem and the ground-breaking proof of Fermat’s last theorem in 1995. This
course aims to give an introductory understanding of this broad topic.

» Modular forms for the Modular group and congruence subgroups.

+ Examples: Eisenstein series, the Ramanujan Delta function, Theta series.

+ Arithmetic applications and conjectures.

 Hecke operators and eigenforms.

Objectives

Students have learnt the basic concepts, results and methods of the classical theory of modular
forms. They are familiar with analytical, algebraic and geometric aspects of modular forms.
The students are capable of naming and proving the essential results of the lecture as well
as assessing and explaining the presented connections. Students will be able to reflect and
critically analyse the current state of research in the subject area.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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Whether the examination is written or oral is decided by the instructor with approval by the head
of the examination board.
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Literature Possible References :

» Henri Cohen, Fredrik Stromberg: Modular forms. A classical approach. AMS Graduate
Studies of Mathematics 2017.

» Fred Diamond, Jerry Shurman: A first course in modular forms. Springer 2005.
» Max Koecher, Aloys Krieg: Elliptische Funktionen und Modulformen. Springer 2007.
« Toshitsune Miyake: Modular forms. Springer 1989.

* Lloyd James Peter Kilford: Modular forms: A classical and computational introduction.
Imperial College Press 2015.

+ Deitmar Anton: Automorphic forms. Springer 2013.

Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

The module cannot be taken together with the module "Modular Forms’ due to the large overlap

in content.

Prerequisites There are no further prerequisites, but basic knowledge of algebra and function theory is
helpful.

Responsible Anton Deitmar

Persons

Abbreviations:
Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, IC=inverted classroom

Status : o=0obligatory, f=facultative
Other : h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title:

Type of Module:

Instruction

MAT-45-31 Representation Theory of Finite Groups Compulsory Module with Choice
ECTS-Points 6

Workload Workload: Time in Class: Self-Study:

- Time in Class 180 h 60 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of German

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 2 SWS

Content

» Groups and group actions.

» Representations, irreducibility, Schursch’s lemma.

» Semisimplicity, Maschke’s theorem.

+ Characters, orthogonality relations.

* Isotypical decomposition, character tables.

* Representations of the symmetric group.

+ Semi-simple Artinian algebras.

Objectives

In the lecture, students learn the basic principles of of representation theory and develop an
understanding for the interaction of geometric and algebraic methods. methods. The students
are capable of naming and proving the essential results of the lecture as well as assessing and

explaining the presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.

Requirements
for obtaining
Credits / Grading
(Weighting if
applicable)
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Finite Groups Elil2ls or. 0. 20-30

In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :

» William Fulton, Joe Harris: Representation theory. Springer 1991.

+ Bertram Huppert: Character theory of finite groups. De Gruyter 1998.
» Serge Lang: Algebra. Springer 2002.

» Jean-Pierre Serre: Linear representations of finite groups. Springer 1977.

Transfer The module belongs to the Study Specialisation Algebra and Geometry. It can be included
in the Sections Study Focus, Advanced Knowledge in Mathematics or Elective Specialisation.
Taking into account the chosen personal Study Specialisation, it can be included in the Sections
Study Focus, Advanced Knowledge in Mathematics or Elective Specialisation, in accordance
with the restrictive requirements of the respective section. The module cannot be taken together
with the module 'Group Representations in Physics’ due to the large overlap in content.

Prerequisites In terms of content, only basic knowledge of linear algebra is required.
Responsible Victor Batyrev, Jirgen Hausen, Milena Wrobel
Persons

Abbreviations:
Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, |IC=inverted classroom

Status : o=0bligatory, f=facultative
Other : h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:

MAT-45-40 Introduction to Combinatorial Birational Geometry Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

« Smooth projective toric surfaces Pa associated with lattice polygons A. The moment

map for surfaces X over the complex numbers. The rational equivalence on boundary
divisors. The divisor class group CI(X) and the bilinear intersection pairing on CI(X).

Cartier divisors, line bundles, invertible sheaves. The canonical divisor of a normal
variety. Ample and very ample divisors.

Nondegenerate algebraic curves in toric surfaces. Blow ups of toric surfaces. Birational
modification of surfaces via blow ups and blow downs.

The cone of curves of a surface. The Zariski decomposition. Birational Cremona
transformations.

Desingularization of nondegenerate curves D on smooth toric surfaces X via blow ups.
Combinatorial constructing minimal models of pairs (X, D) for normal toric surfaces X.

Cyclic quotient surface singularities and their combinatorial minimal desingularization.

Finite subgroups of SU(2) and surface Du Val singularities and their minimal desingular-
ization.

Birational classification of nondegenerate surfaces in 3-dimensional toric varieties via
the Fine interior F/(A) of their Newton polytopes A.

The Kodaira dimension of algebraic varieties. Combinatorial constructing minimal
models of nondegenerate surfaces.

Combinatorial formulas for the Hodge numbers of minimal models.

Objectives

In the lecture, students learn how to apply concepts, results and methods of convex geometry in
order to analyse important classes of algebraic surfaces. They learn to recognise and calculate
complex algebro-geometric constructions. They are familiarised with an interesting and deep
classification problem, the minimal models for algebraic surfaces. The students are capable of
naming and proving the essential results of the lecture as well as assessing and explaining the

presented connections.

In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.

Literature Possible References :

» Laurent Buse, Fabrizio Catanese, Elisa Postinghel: Algebraic Curves and Surfaces: A
History of Shapes. Springer 2023.

 Klaus Hulek: Elementare Algebraische Geometrie. Springer 2012.

» Tadao Oda: Convex Bodies and Algebraic Geometry: An Introduction to the Theory of
Toric Varieties. Springer 1988.

+ Robin Hartshorne: Algebraic Geometry. Springer 1977.

Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites Knowledge of commutative algebra and algebraic geometry are assumed: some of the essential
concepts from these areas are briefly repeated at the beginning of the course.

Responsible Victor Batyrev

Persons

Abbreviations:

Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, |IC=inverted classroom

Status : o=obligatory, f=facultative

Other - h=hours, o0.=or, s.M.=see module description, SWS=contact hours per week
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Module Number: Module Title: Type of Module:

MAT-45-41 Introduction to Combinatorial Mirror Symmetry Compulsory Module with Choice
ECTS-Points 6

Workload Workload: Time in Class: Self-Study:

- Time in Class 180 h 60 h 120 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 2 SWS + Ex.cl. 2 SWS

Content

* Quintic 3-folds in projective 4-space and their mirrors.

« Toric varieties associated with fans of rational polyhedral cones. Toric varieties associ-
ated with lattice polyhedra. Smoothness.

» Resolution of singularities. Cohomology rings of smooth projective toric varieties.

+ Construction of Calabi-Yau varieties as hypersurfaces in toric varieties associated with
reflexive polyhedra.

+ A combinatorial formula for Hodge numbers of Calabi-Yau 3-folds. Monomial-divisor
correspondence.

» Combinatorial mirror construction for Calabi-Yau complete intersections. Mirrors of rigid
Calabi-Yau varieties.

» Computation of periods of Calabi-Yau hypersurfaces using generalized hypergeometric
functions.

+ Stringy Hodge numbers of singular Calabi-Yau varieties.

» Moduli spaces. Boundary points in moduli spaces of Calabi-Yau hypersurfaces and
secondary polytopes.

+ Computation of Gromov-Witten invariants of Calabi-Yau complete intersections.
+ A combinatorial approach to Berglund-Hulbsch mirror symmetry.

Combinatorial mirror symmetry proposes a purely combinatorial approach to mirror symmetry
based on polar duality in the class of reflexive lattice polytopes. The Platonic solids provide
the most famous examples of polar dual pairs of polyhedra: Cube-octahedron, icosahedron-
dodecahedron. In combinatorial mirror symmetry, an essential fact is that the vertices of the
considered reflexive polyhedra A are elements of the lattice M and the vertices of the dual
reflexive polyhedra A* belong to the dual lattice N. The lattice M can be identified with the
lattice of characters of an algebraic torus T', and the dual lattice N becomes the lattice of
one-parameter subgroups in T'. For this reason, the main tool of the combinatorial approach is
the theory of toric varieties. Combinatorial mirror symmetry allows us to interpret the mirror
symmetry discovered by physicists for 3-dimensional Calabi-Yau manifolds by going from M to
N and from A to A*.

The aim of the module is to explain the connection between reflexive polyhedra and Calabi-Yau
manifolds in the most understandable way possible and to inform students about further results
obtained using this combinatorial duality.
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Objectives

Students are familiar with the complex issues of mirror symmetry, which establishes a duality
between manifolds of symplectic and algebraic geometry and was first postulated by physicists.
They have learnt how methods of toric geometry and discrete mathematics can be used for
very important classes of Calabi-Yau varieties in order to calculate the mirrors of the manifolds
and their invariants in concrete terms. The students are capable of naming and proving the
essential results of the lecture as well as assessing and explaining the presented connections.
In the exercise classes they have acquired a confident, precise and independent handling of the
terms, statements and methods of the lecture. They have learned to transfer the methods onto
new problems, to analyse them and to work on solution strategies on their own or in a team.
They are able to present their solutions and, if necessary, defend them in critical discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or
oral is decided by the instructor with approval by the head of the examination board.
Literature Possible References :
« Victor Batyrev: Dual Polyhedra and Mirror Symmetry for Calabi-Yau Hypersurfaces in
Toric Varieties. J. Alg. Geom. 3 (1994), no. 3, 493-535.
+ Victor Batyrev, Duco van Straten: Generalized hypergeometric functions and rational
curves on Calabi-Yau complete intersections in toric varieties. Comm. Math. Phys.,
168:3 (1995), 493-533.
+ Victor Batyrev and Lev A. Borisov: Dual cones and mirror symmetry for generalized
Calabi-Yau manifolds. Mirror Symmetry Il, AMS/IP Stud. Adv. Math. 1, Amer. Math.
Soc., Providence, Rl (1997), 71-86.
» David Cox, Sheldon Katz: Mirror Symmetry and Algebraic Geometry. Mathematical
Surveys and Monographs, Vol. 68, AMS, 1999.
« lIsrail Gelfand, Mikhail Kapranov, Andrei Zelevinsky: Discriminants, Resultants and
Multidimensional Determinants. Springer-Birkhauser 1994.
* Masao Jinzeniji: Classical Mirror Symmetry. SpringerBriefs in Mathematical Physics,
Band 29, 2018.
Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account

the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites

Knowledge of the modules Commutative Algebra and Algebraic Geometry are assumed.

Responsible
Persons

Victor Batyrev

Abbreviations:
Grading System

Examination Type :
Teaching Format

Status
Other

: g=graded, ng=not graded
: L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,

: o=obligatory, f=facultative
: h=hours, o.=or, s.M.=see module description, SWS=contact hours per week

MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

T=revision course, P=project, S=seminar, |IC=inverted classroom
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Module Number:

Module Title:

Type of Module:

MAT-50-03 Tropical Geometry Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

+ Tropical numbers and polynomials.

« Tropical hypersurfaces and varieties.

« Tropical toric varieties.

+ Matroid fans and tropical abstract varieties.

+ Tropical modifications, stable intersections and rational equivalence.

+ Tropical curves and linear systems.

+ Tropical (p, g)-homology.

+ Correspondence theorems.

Objectives

The students know and understand the subjects studied from tropical geometry and the
fundamental techniques for working them. They have reached a deepend understanding of
convex geometry and they have learned, how concepts from combinatorics can be applied
successfully in algebraic geometry. The students can name and prove the central results of the

lecture and they can explain their intrinsic connections.

In the exercise classes they have acquired a confident, precise and independent handling of
the terms, statements and methods of the lecture. They have learned to transfer the methods
to new problems, to analyse them and to work on solution strategies on their own or in a
team. They are capable of presenting their results and if applicable to argue for it in a critical

discourse.
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In this module an exercise certificate is to be acquired as coursework. For participation in the
examination the coursework must have been acquired. Whether the examination is written or

oral is decided by the instructor with approval by the head of the examination board.
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Literature Possible References :
+ Grigory Mikhalkin, Johannes Rau: Tropical geometry. Manuscript 2018.

+ Diane Maclagan, Bernd Sturmfels: Introduction to tropical geometry. AMS 2015.

Transfer The module belongs to the Study Specialisation Algebra and Geometry. Taking into account
the chosen personal Study Specialisation, it can be included in the Sections Study Focus, Ad-
vanced Knowledge in Mathematics or Elective Specialisation, in accordance with the restrictive
requirements of the respective section.

Prerequisites There are no further prerequisites. Knowledge from the modules Algebraic Geometry and
Differential Geometry is helpful, however.

Responsible Hannah Markwig, Johannes Rau
Persons

Abbreviations:
Grading System : g=graded, ng=not graded

Examination Type : MT=master’s thesis, or.=oral exam, wr.=written exam, Pr=presentation, E=essay, P=portfolio

Teaching Format : L=lecture, LE=lecture with integrated exercises, SL=seminar or lecture, E=exercise class,
T=revision course, P=project, S=seminar, IC=inverted classroom

Status : o=obligatory, f=facultative
Other : h=hours, o.=or, s.M.=see module description, SWS=contact hours per week
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Module Number:

Module Title: Type of Module:

MAT-50-04 Tropical Enumerative Geometry Compulsory Module with Choice
ECTS-Points 9

Workload Workload: Time in Class: Self-Study:

- Time in Class 270 h 90 h 180 h

- Self-Study

Duration 1 Semester

Frequency not regularly

Term 1-3

Language of
Instruction

German or English

Forms of Teaching
and Learning

Lecture 4 SWS + Ex.cl. 2 SWS

Content

» Enumerative geometry of algebraic curves, in particular in the plane.

+ Tropical enumerative problems and multiplicities.

» Combinatorial methods, floor diagrams and lattice paths.

+ Correspondence theorems for curves in the plane through given points.
+ Tropical and classic Gromov-Witten theory in genus 0.

» Real counts, Welschinger invariants and polynomial invariants.

+ Hurwitz numbers.

« Tropical correspondences for Hurwitz numbers.

* Real Hurwitz numbers and Zigzag numbers.

Objectives

The students know basic terms, results and methods of enumerative geometry in the context
of tropical geometry methods. They develop a deeper understanding of the possibilities and
limitations of the tropical access in connection with more complex issues. Furthermore, they
deepen their knowledge in the field of algebraic geometry towards modular spaces and Gromov-
Witten theory. The students can name and prove the central results of the lecture and they can
explain their intrinsic